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..treatment, although this consensus opinion has not been fully tested.
For all these reasons, the European Task Force retains a goal
approach to lipid management and treatment goals are tailored to
the total CV risk level. There is also evidence suggesting that lowering
of LDL-C beyond the goals that were set in the previous EAS/ESC
Guidelines is associated with fewer ASCVD events.34,116,117

Therefore, it seems appropriate to reduce LDL-C to as low a level as
possible, at least in patients at very high CV risk, and for this reason a
minimum 50% reduction is suggested for LDL reduction, together
with reaching the tailored goal.

The lipid goals are part of a comprehensive CV risk reduction
strategy and are summarized in Table 7. The rationales for the non-
lipid targets are given in the 2016 ESC Joint Prevention Guidelines.10

The targeted approach to lipid management is primarily aimed at
reducing atherosclerotic risk by substantially lowering LDL-C to lev-
els that have been achieved in recent large-scale trials of PCSK-9
inhibitors. Therefore, for patients at very high CV risk, whether in
secondary prevention or (rarely) in primary prevention, LDL-C
reduction of >_50% from baseline and an LDL-C goal of <1.4 mmol/L
(<55 mg/dL) are recommended. 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-based therapy, an LDL-C goal <1.0 mmol/L (<40 mg/dL) may
be considered.119,120 For people at high CV risk, an LDL-C reduction
of >_50% from baseline and an LDL-C goal <1.8 mmol/L (<70 mg/dL)
are recommended. In patients at moderate CV risk, an LDL-C goal
<2.6 mmol/L (<100 mg/dL) should be considered, while for low-risk
individuals a goal of <3.0 mmol/L (<116 mg/dL) may be considered
(see Recommendations for treatment goals for low-density lipoprotein cho-
lesterol below and Supplementary Table 2).

Secondary goals have also been defined by inference for non-
HDL-C and for ApoB; they receive a moderate grading, as they have
not been extensively studied in RCTs. The specific goal for non-
HDL-C should be 0.8 mmol/L (30 mg/dL) higher than the corre-
sponding LDL-C goal; the adjustment of lipid-lowering therapy in
accordance with these secondary goals may be considered in patients
at very high CV risk after achievement of an LDL-C goal, although the
clinical advantages of this approach with respect to outcomes remain
to be addressed. When secondary targets are used the recommenda-
tions are: (i) non-HDL-C <2.2 mmol/L (<85 mg/dL), <2.6 mmol/L
(<100 mg/dL), and <3.4 mmol/L (<130 mg/dL) in people at very high,
high, and moderate CV risk, respectively;121!123 and (ii) ApoB <65
mg/dL, <80 mg/dL, and <100 mg/dL in very-high, high, and moderate
total CV risk, respectively.121,123,124

To date, no specific goals for HDL-C or TG levels have been
determined in clinical trials, although increases in HDL-C predict
atherosclerosis regression, and low HDL-C is associated with excess
events and mortality in coronary artery disease (CAD) patients, even
at low LDL levels. Clinicians should use clinical judgment when con-
sidering further treatment intensification in patients at high or very
high total CV risk.

7 Lifestyle modifications to
improve the plasma lipid profile

The pivotal role of nutrition in the prevention of ASCVD has been
extensively reviewed.125!129 Dietary factors influence the develop-
ment of CVD either directly or through their action on traditional
risk factors, such as plasma lipids, BP, or glucose levels.

Recommendations for treatment goals for low-density lipoprotein cholesterol

Recommendations Classa Levelb

In secondary prevention for patients at very-high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of

<1.4 mmol/L (<55 mg/dL) are recommended.33!35,119,120 I A

In primary prevention for individuals at very-high risk but without FH,c an LDL-C reduction of >_50% from baselined and

an LDL-C goal of <1.4 mmol/L (<55 mg/dL) are recommended.34!36 I C

In primary prevention for individuals with FH at very-high risk, an LDL-C reduction of >_50% from baseline and an LDL-C

goal of <1.4 mmol/L (<55 mg/dL) should be considered.
IIa C

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-based therapy, an LDL-C goal of <1.0 mmol/L (<40 mg/dL) may be

considered.119,120

IIb B

In patients at high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of <1.8 mmol/L (<70 mg/dL) are

recommended.34,35 I A

In individuals at moderate risk,c an LDL-C goal of <2.6 mmol/L (<100 mg/dL) should be considered.34 IIa A

In individuals at low risk,c an LDL-C goal <3.0 mmol/L (<116 mg/dL) may be considered.36 IIb A

ASCVD = atherosclerotic cardiovascular disease; FH = familial hypercholesterolaemia; LDL-C = low-density lipoprotein cholesterol.
aClass of recommendation.
bLevel of evidence.
cFor definitions see Table 4.
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.
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..treatment, although this consensus opinion has not been fully tested.
For all these reasons, the European Task Force retains a goal
approach to lipid management and treatment goals are tailored to
the total CV risk level. There is also evidence suggesting that lowering
of LDL-C beyond the goals that were set in the previous EAS/ESC
Guidelines is associated with fewer ASCVD events.34,116,117

Therefore, it seems appropriate to reduce LDL-C to as low a level as
possible, at least in patients at very high CV risk, and for this reason a
minimum 50% reduction is suggested for LDL reduction, together
with reaching the tailored goal.

The lipid goals are part of a comprehensive CV risk reduction
strategy and are summarized in Table 7. The rationales for the non-
lipid targets are given in the 2016 ESC Joint Prevention Guidelines.10

The targeted approach to lipid management is primarily aimed at
reducing atherosclerotic risk by substantially lowering LDL-C to lev-
els that have been achieved in recent large-scale trials of PCSK-9
inhibitors. Therefore, for patients at very high CV risk, whether in
secondary prevention or (rarely) in primary prevention, LDL-C
reduction of >_50% from baseline and an LDL-C goal of <1.4 mmol/L
(<55 mg/dL) are recommended. 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-based therapy, an LDL-C goal <1.0 mmol/L (<40 mg/dL) may
be considered.119,120 For people at high CV risk, an LDL-C reduction
of >_50% from baseline and an LDL-C goal <1.8 mmol/L (<70 mg/dL)
are recommended. In patients at moderate CV risk, an LDL-C goal
<2.6 mmol/L (<100 mg/dL) should be considered, while for low-risk
individuals a goal of <3.0 mmol/L (<116 mg/dL) may be considered
(see Recommendations for treatment goals for low-density lipoprotein cho-
lesterol below and Supplementary Table 2).

Secondary goals have also been defined by inference for non-
HDL-C and for ApoB; they receive a moderate grading, as they have
not been extensively studied in RCTs. The specific goal for non-
HDL-C should be 0.8 mmol/L (30 mg/dL) higher than the corre-
sponding LDL-C goal; the adjustment of lipid-lowering therapy in
accordance with these secondary goals may be considered in patients
at very high CV risk after achievement of an LDL-C goal, although the
clinical advantages of this approach with respect to outcomes remain
to be addressed. When secondary targets are used the recommenda-
tions are: (i) non-HDL-C <2.2 mmol/L (<85 mg/dL), <2.6 mmol/L
(<100 mg/dL), and <3.4 mmol/L (<130 mg/dL) in people at very high,
high, and moderate CV risk, respectively;121!123 and (ii) ApoB <65
mg/dL, <80 mg/dL, and <100 mg/dL in very-high, high, and moderate
total CV risk, respectively.121,123,124

To date, no specific goals for HDL-C or TG levels have been
determined in clinical trials, although increases in HDL-C predict
atherosclerosis regression, and low HDL-C is associated with excess
events and mortality in coronary artery disease (CAD) patients, even
at low LDL levels. Clinicians should use clinical judgment when con-
sidering further treatment intensification in patients at high or very
high total CV risk.

7 Lifestyle modifications to
improve the plasma lipid profile

The pivotal role of nutrition in the prevention of ASCVD has been
extensively reviewed.125!129 Dietary factors influence the develop-
ment of CVD either directly or through their action on traditional
risk factors, such as plasma lipids, BP, or glucose levels.

Recommendations for treatment goals for low-density lipoprotein cholesterol

Recommendations Classa Levelb

In secondary prevention for patients at very-high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of

<1.4 mmol/L (<55 mg/dL) are recommended.33!35,119,120 I A

In primary prevention for individuals at very-high risk but without FH,c an LDL-C reduction of >_50% from baselined and

an LDL-C goal of <1.4 mmol/L (<55 mg/dL) are recommended.34!36 I C

In primary prevention for individuals with FH at very-high risk, an LDL-C reduction of >_50% from baseline and an LDL-C

goal of <1.4 mmol/L (<55 mg/dL) should be considered.
IIa C

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-based therapy, an LDL-C goal of <1.0 mmol/L (<40 mg/dL) may be

considered.119,120

IIb B

In patients at high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of <1.8 mmol/L (<70 mg/dL) are

recommended.34,35 I A

In individuals at moderate risk,c an LDL-C goal of <2.6 mmol/L (<100 mg/dL) should be considered.34 IIa A

In individuals at low risk,c an LDL-C goal <3.0 mmol/L (<116 mg/dL) may be considered.36 IIb A

ASCVD = atherosclerotic cardiovascular disease; FH = familial hypercholesterolaemia; LDL-C = low-density lipoprotein cholesterol.
aClass of recommendation.
bLevel of evidence.
cFor definitions see Table 4.
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.
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..treatment, although this consensus opinion has not been fully tested.
For all these reasons, the European Task Force retains a goal
approach to lipid management and treatment goals are tailored to
the total CV risk level. There is also evidence suggesting that lowering
of LDL-C beyond the goals that were set in the previous EAS/ESC
Guidelines is associated with fewer ASCVD events.34,116,117

Therefore, it seems appropriate to reduce LDL-C to as low a level as
possible, at least in patients at very high CV risk, and for this reason a
minimum 50% reduction is suggested for LDL reduction, together
with reaching the tailored goal.

The lipid goals are part of a comprehensive CV risk reduction
strategy and are summarized in Table 7. The rationales for the non-
lipid targets are given in the 2016 ESC Joint Prevention Guidelines.10

The targeted approach to lipid management is primarily aimed at
reducing atherosclerotic risk by substantially lowering LDL-C to lev-
els that have been achieved in recent large-scale trials of PCSK-9
inhibitors. Therefore, for patients at very high CV risk, whether in
secondary prevention or (rarely) in primary prevention, LDL-C
reduction of >_50% from baseline and an LDL-C goal of <1.4 mmol/L
(<55 mg/dL) are recommended. 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-based therapy, an LDL-C goal <1.0 mmol/L (<40 mg/dL) may
be considered.119,120 For people at high CV risk, an LDL-C reduction
of >_50% from baseline and an LDL-C goal <1.8 mmol/L (<70 mg/dL)
are recommended. In patients at moderate CV risk, an LDL-C goal
<2.6 mmol/L (<100 mg/dL) should be considered, while for low-risk
individuals a goal of <3.0 mmol/L (<116 mg/dL) may be considered
(see Recommendations for treatment goals for low-density lipoprotein cho-
lesterol below and Supplementary Table 2).

Secondary goals have also been defined by inference for non-
HDL-C and for ApoB; they receive a moderate grading, as they have
not been extensively studied in RCTs. The specific goal for non-
HDL-C should be 0.8 mmol/L (30 mg/dL) higher than the corre-
sponding LDL-C goal; the adjustment of lipid-lowering therapy in
accordance with these secondary goals may be considered in patients
at very high CV risk after achievement of an LDL-C goal, although the
clinical advantages of this approach with respect to outcomes remain
to be addressed. When secondary targets are used the recommenda-
tions are: (i) non-HDL-C <2.2 mmol/L (<85 mg/dL), <2.6 mmol/L
(<100 mg/dL), and <3.4 mmol/L (<130 mg/dL) in people at very high,
high, and moderate CV risk, respectively;121!123 and (ii) ApoB <65
mg/dL, <80 mg/dL, and <100 mg/dL in very-high, high, and moderate
total CV risk, respectively.121,123,124

To date, no specific goals for HDL-C or TG levels have been
determined in clinical trials, although increases in HDL-C predict
atherosclerosis regression, and low HDL-C is associated with excess
events and mortality in coronary artery disease (CAD) patients, even
at low LDL levels. Clinicians should use clinical judgment when con-
sidering further treatment intensification in patients at high or very
high total CV risk.

7 Lifestyle modifications to
improve the plasma lipid profile

The pivotal role of nutrition in the prevention of ASCVD has been
extensively reviewed.125!129 Dietary factors influence the develop-
ment of CVD either directly or through their action on traditional
risk factors, such as plasma lipids, BP, or glucose levels.

Recommendations for treatment goals for low-density lipoprotein cholesterol

Recommendations Classa Levelb

In secondary prevention for patients at very-high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of

<1.4 mmol/L (<55 mg/dL) are recommended.33!35,119,120 I A

In primary prevention for individuals at very-high risk but without FH,c an LDL-C reduction of >_50% from baselined and

an LDL-C goal of <1.4 mmol/L (<55 mg/dL) are recommended.34!36 I C

In primary prevention for individuals with FH at very-high risk, an LDL-C reduction of >_50% from baseline and an LDL-C

goal of <1.4 mmol/L (<55 mg/dL) should be considered.
IIa C

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-based therapy, an LDL-C goal of <1.0 mmol/L (<40 mg/dL) may be

considered.119,120

IIb B

In patients at high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of <1.8 mmol/L (<70 mg/dL) are

recommended.34,35 I A

In individuals at moderate risk,c an LDL-C goal of <2.6 mmol/L (<100 mg/dL) should be considered.34 IIa A

In individuals at low risk,c an LDL-C goal <3.0 mmol/L (<116 mg/dL) may be considered.36 IIb A

ASCVD = atherosclerotic cardiovascular disease; FH = familial hypercholesterolaemia; LDL-C = low-density lipoprotein cholesterol.
aClass of recommendation.
bLevel of evidence.
cFor definitions see Table 4.
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.
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..treatment, although this consensus opinion has not been fully tested.
For all these reasons, the European Task Force retains a goal
approach to lipid management and treatment goals are tailored to
the total CV risk level. There is also evidence suggesting that lowering
of LDL-C beyond the goals that were set in the previous EAS/ESC
Guidelines is associated with fewer ASCVD events.34,116,117

Therefore, it seems appropriate to reduce LDL-C to as low a level as
possible, at least in patients at very high CV risk, and for this reason a
minimum 50% reduction is suggested for LDL reduction, together
with reaching the tailored goal.

The lipid goals are part of a comprehensive CV risk reduction
strategy and are summarized in Table 7. The rationales for the non-
lipid targets are given in the 2016 ESC Joint Prevention Guidelines.10

The targeted approach to lipid management is primarily aimed at
reducing atherosclerotic risk by substantially lowering LDL-C to lev-
els that have been achieved in recent large-scale trials of PCSK-9
inhibitors. Therefore, for patients at very high CV risk, whether in
secondary prevention or (rarely) in primary prevention, LDL-C
reduction of >_50% from baseline and an LDL-C goal of <1.4 mmol/L
(<55 mg/dL) are recommended. 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-based therapy, an LDL-C goal <1.0 mmol/L (<40 mg/dL) may
be considered.119,120 For people at high CV risk, an LDL-C reduction
of >_50% from baseline and an LDL-C goal <1.8 mmol/L (<70 mg/dL)
are recommended. In patients at moderate CV risk, an LDL-C goal
<2.6 mmol/L (<100 mg/dL) should be considered, while for low-risk
individuals a goal of <3.0 mmol/L (<116 mg/dL) may be considered
(see Recommendations for treatment goals for low-density lipoprotein cho-
lesterol below and Supplementary Table 2).

Secondary goals have also been defined by inference for non-
HDL-C and for ApoB; they receive a moderate grading, as they have
not been extensively studied in RCTs. The specific goal for non-
HDL-C should be 0.8 mmol/L (30 mg/dL) higher than the corre-
sponding LDL-C goal; the adjustment of lipid-lowering therapy in
accordance with these secondary goals may be considered in patients
at very high CV risk after achievement of an LDL-C goal, although the
clinical advantages of this approach with respect to outcomes remain
to be addressed. When secondary targets are used the recommenda-
tions are: (i) non-HDL-C <2.2 mmol/L (<85 mg/dL), <2.6 mmol/L
(<100 mg/dL), and <3.4 mmol/L (<130 mg/dL) in people at very high,
high, and moderate CV risk, respectively;121!123 and (ii) ApoB <65
mg/dL, <80 mg/dL, and <100 mg/dL in very-high, high, and moderate
total CV risk, respectively.121,123,124

To date, no specific goals for HDL-C or TG levels have been
determined in clinical trials, although increases in HDL-C predict
atherosclerosis regression, and low HDL-C is associated with excess
events and mortality in coronary artery disease (CAD) patients, even
at low LDL levels. Clinicians should use clinical judgment when con-
sidering further treatment intensification in patients at high or very
high total CV risk.

7 Lifestyle modifications to
improve the plasma lipid profile

The pivotal role of nutrition in the prevention of ASCVD has been
extensively reviewed.125!129 Dietary factors influence the develop-
ment of CVD either directly or through their action on traditional
risk factors, such as plasma lipids, BP, or glucose levels.

Recommendations for treatment goals for low-density lipoprotein cholesterol

Recommendations Classa Levelb

In secondary prevention for patients at very-high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of

<1.4 mmol/L (<55 mg/dL) are recommended.33!35,119,120 I A

In primary prevention for individuals at very-high risk but without FH,c an LDL-C reduction of >_50% from baselined and

an LDL-C goal of <1.4 mmol/L (<55 mg/dL) are recommended.34!36 I C

In primary prevention for individuals with FH at very-high risk, an LDL-C reduction of >_50% from baseline and an LDL-C

goal of <1.4 mmol/L (<55 mg/dL) should be considered.
IIa C

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-based therapy, an LDL-C goal of <1.0 mmol/L (<40 mg/dL) may be

considered.119,120

IIb B

In patients at high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of <1.8 mmol/L (<70 mg/dL) are

recommended.34,35 I A

In individuals at moderate risk,c an LDL-C goal of <2.6 mmol/L (<100 mg/dL) should be considered.34 IIa A

In individuals at low risk,c an LDL-C goal <3.0 mmol/L (<116 mg/dL) may be considered.36 IIb A

ASCVD = atherosclerotic cardiovascular disease; FH = familial hypercholesterolaemia; LDL-C = low-density lipoprotein cholesterol.
aClass of recommendation.
bLevel of evidence.
cFor definitions see Table 4.
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.
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..treatment, although this consensus opinion has not been fully tested.
For all these reasons, the European Task Force retains a goal
approach to lipid management and treatment goals are tailored to
the total CV risk level. There is also evidence suggesting that lowering
of LDL-C beyond the goals that were set in the previous EAS/ESC
Guidelines is associated with fewer ASCVD events.34,116,117

Therefore, it seems appropriate to reduce LDL-C to as low a level as
possible, at least in patients at very high CV risk, and for this reason a
minimum 50% reduction is suggested for LDL reduction, together
with reaching the tailored goal.

The lipid goals are part of a comprehensive CV risk reduction
strategy and are summarized in Table 7. The rationales for the non-
lipid targets are given in the 2016 ESC Joint Prevention Guidelines.10

The targeted approach to lipid management is primarily aimed at
reducing atherosclerotic risk by substantially lowering LDL-C to lev-
els that have been achieved in recent large-scale trials of PCSK-9
inhibitors. Therefore, for patients at very high CV risk, whether in
secondary prevention or (rarely) in primary prevention, LDL-C
reduction of >_50% from baseline and an LDL-C goal of <1.4 mmol/L
(<55 mg/dL) are recommended. 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-based therapy, an LDL-C goal <1.0 mmol/L (<40 mg/dL) may
be considered.119,120 For people at high CV risk, an LDL-C reduction
of >_50% from baseline and an LDL-C goal <1.8 mmol/L (<70 mg/dL)
are recommended. In patients at moderate CV risk, an LDL-C goal
<2.6 mmol/L (<100 mg/dL) should be considered, while for low-risk
individuals a goal of <3.0 mmol/L (<116 mg/dL) may be considered
(see Recommendations for treatment goals for low-density lipoprotein cho-
lesterol below and Supplementary Table 2).

Secondary goals have also been defined by inference for non-
HDL-C and for ApoB; they receive a moderate grading, as they have
not been extensively studied in RCTs. The specific goal for non-
HDL-C should be 0.8 mmol/L (30 mg/dL) higher than the corre-
sponding LDL-C goal; the adjustment of lipid-lowering therapy in
accordance with these secondary goals may be considered in patients
at very high CV risk after achievement of an LDL-C goal, although the
clinical advantages of this approach with respect to outcomes remain
to be addressed. When secondary targets are used the recommenda-
tions are: (i) non-HDL-C <2.2 mmol/L (<85 mg/dL), <2.6 mmol/L
(<100 mg/dL), and <3.4 mmol/L (<130 mg/dL) in people at very high,
high, and moderate CV risk, respectively;121!123 and (ii) ApoB <65
mg/dL, <80 mg/dL, and <100 mg/dL in very-high, high, and moderate
total CV risk, respectively.121,123,124

To date, no specific goals for HDL-C or TG levels have been
determined in clinical trials, although increases in HDL-C predict
atherosclerosis regression, and low HDL-C is associated with excess
events and mortality in coronary artery disease (CAD) patients, even
at low LDL levels. Clinicians should use clinical judgment when con-
sidering further treatment intensification in patients at high or very
high total CV risk.

7 Lifestyle modifications to
improve the plasma lipid profile

The pivotal role of nutrition in the prevention of ASCVD has been
extensively reviewed.125!129 Dietary factors influence the develop-
ment of CVD either directly or through their action on traditional
risk factors, such as plasma lipids, BP, or glucose levels.

Recommendations for treatment goals for low-density lipoprotein cholesterol

Recommendations Classa Levelb

In secondary prevention for patients at very-high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of

<1.4 mmol/L (<55 mg/dL) are recommended.33!35,119,120 I A

In primary prevention for individuals at very-high risk but without FH,c an LDL-C reduction of >_50% from baselined and

an LDL-C goal of <1.4 mmol/L (<55 mg/dL) are recommended.34!36 I C

In primary prevention for individuals with FH at very-high risk, an LDL-C reduction of >_50% from baseline and an LDL-C

goal of <1.4 mmol/L (<55 mg/dL) should be considered.
IIa C

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-based therapy, an LDL-C goal of <1.0 mmol/L (<40 mg/dL) may be

considered.119,120

IIb B

In patients at high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of <1.8 mmol/L (<70 mg/dL) are

recommended.34,35 I A

In individuals at moderate risk,c an LDL-C goal of <2.6 mmol/L (<100 mg/dL) should be considered.34 IIa A

In individuals at low risk,c an LDL-C goal <3.0 mmol/L (<116 mg/dL) may be considered.36 IIb A

ASCVD = atherosclerotic cardiovascular disease; FH = familial hypercholesterolaemia; LDL-C = low-density lipoprotein cholesterol.
aClass of recommendation.
bLevel of evidence.
cFor definitions see Table 4.
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.
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..Social deprivation and psychosocial stress set the scene for
increased risk.13 For those at moderate risk, other factors—including
metabolic factors such as increased ApoB, lipoprotein(a) [Lp(a)], tri-
glycerides (TGs), or C-reactive protein; the presence of albuminuria;
the presence of atherosclerotic plaque in the carotid or femoral
arteries; or the coronary artery calcium (CAC) score—may improve
risk classification. Many other biomarkers are also associated with
increased CVD risk, although few of these have been shown to be
associated with appreciable reclassification. Total CV risk will also be
higher than indicated in the SCORE charts in asymptomatic persons
with abnormal markers of subclinical atherosclerotic vascular dam-
age. Reclassification is of value in people identified as being at moder-
ate CV risk by using markers such as CAC score >100 Agatston
units, ankle!brachial index (ABI) <0.9 or >1.40, carotid!femoral
pulse wave velocity >10 m/s, or the presence of plaques at carotid or
femoral ultrasonography. In studies comparing these markers, CAC
had the best reclassification ability.14!16

Some factors such as a high HDL-C up to 2.3 mmol/L (90mg/dL)17

or a family history of longevity can also be associated with lower risk.

4.2 Risk levels
A total CV risk estimate is part of a continuum. The cut-off points
that are used to define high-risk are, in part, both arbitrary and based
on the risk levels at which benefit is evident in clinical trials. In clinical
practice, consideration should be given to practical issues in relation
to the local healthcare systems. Not only should those at high risk be
identified and managed, but those at moderate risk should also
receive professional advice regarding lifestyle changes; in some cases,
drug therapy will be needed to reduce atherosclerotic risk.

Low-risk people should be given advice to help them maintain this
status. Thus, the intensity of preventive actions should be tailored to
the patient’s total CV risk. The strongest driver of total CV risk is age,
which can be considered as ‘exposure time’ to risk factors.

For these reasons, the Task Force suggests the following catego-
ries of risk and LDL-C goals, based on the best available evidence and
in an ideal setting with unlimited resources. These categories repre-
sent a counsel of perfection, but these ideals are for guidance only
and practical decision-making must be based on what is appropriate
to the local situation.

With these considerations, we propose the levels of total CV risk
presented in Table 4.

Box 5 Risk estimation: key messages

In apparently healthy persons, CVD risk is most frequently the result of

multiple, interacting risk factors. This is the basis for total CV risk estima-

tion and management.

Risk factor screening including the lipid profile should be considered in men

>40 years old, and in women >50 years of age or post-menopausal.

A risk estimation system such as SCORE can assist in making logical man-

agement decisions, and may help to avoid both under- and

overtreatment.

Certain individuals declare themselves to be at high or very high CVD risk

without needing risk scoring, and all risk factors require immediate attention.

This is true for patients with documented CVD, older individuals with long-

standing DM, familial hypercholesterolaemia, chronic kidney disease, carotid

or femoral plaques, coronary artery calcium score >100, or extreme Lp(a)

elevation.

All risk estimation systems are relatively crude and require attention to

qualifying statements.

Additional factors affecting risk can be accommodated in electronic risk

estimation systems such as HeartScore (www.heartscore.org).

The total risk approach allows flexibility; if optimal control cannot be

achieved with one risk factor, trying harder with the other factors can still

reduce risk.

CV = cardiovascular; CVD = cardiovascular disease; DM = diabetes mellitus;
SCORE = Systematic Coronary Risk Estimation.

Table 4 Cardiovascular risk categories

Very-high-

risk

People with any of the following:

Documented ASCVD, either clinical or unequivocal

on imaging. Documented ASCVD includes previous

ACS (MI or unstable angina), stable angina, coronary

revascularization (PCI, CABG, and other arterial

revascularization procedures), stroke and TIA, and

peripheral arterial disease. Unequivocally docu-

mented ASCVD on imaging includes those findings

that are known to be predictive of clinical events,

such as significant plaque on coronary angiography

or CT scan (multivessel coronary disease with two

major epicardial arteries having >50% stenosis), or

on carotid ultrasound.

DM with target organ damage,a or at least three major

risk factors, or early onset of T1DM of long duration

(>20 years).

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

A calculated SCORE >_10% for 10-year risk of fatal

CVD.

FH with ASCVD or with another major risk factor.

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 >_180/110 mmHg.

Patients with FH without other major risk factors.

Patients with DM without target organ damage,a with DM

duration >_10 years or another additional risk factor.

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

A calculated SCORE >_5% and <10% for 10-year risk

of fatal CVD.

Moderate-risk Young patients (T1DM <35 years; T2DM <50 years)

with DM duration <10 years, without other risk fac-

tors. Calculated SCORE >_1 % and <5% for 10-year

risk of fatal CVD.

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

ASCVD = atherosclerotic cardiovascular disease; ACS = acute coronary syn-
drome; BP = blood pressure; CABG = coronary artery bypass graft surgery;
CKD = chronic kidney disease; CT = computed tomography; CVD = cardiovas-
cular disease; DM = diabetes mellitus; eGFR = estimated glomerular filtration
rate; FH = familial hypercholesterolaemia; LDL-C = low-density lipoprotein cho-
lesterol; MI = myocardial infarction; PCI = percutaneous coronary intervention;
SCORE = Systematic Coronary Risk Estimation; T1DM = type 1 DM; T2DM =
type 2 DM; TC = total cholesterol; TIA = transient ischaemic attack.
aTarget organ damage is defined as microalbuminuria, retinopathy, or neuropathy.
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..treatment, although this consensus opinion has not been fully tested.
For all these reasons, the European Task Force retains a goal
approach to lipid management and treatment goals are tailored to
the total CV risk level. There is also evidence suggesting that lowering
of LDL-C beyond the goals that were set in the previous EAS/ESC
Guidelines is associated with fewer ASCVD events.34,116,117

Therefore, it seems appropriate to reduce LDL-C to as low a level as
possible, at least in patients at very high CV risk, and for this reason a
minimum 50% reduction is suggested for LDL reduction, together
with reaching the tailored goal.

The lipid goals are part of a comprehensive CV risk reduction
strategy and are summarized in Table 7. The rationales for the non-
lipid targets are given in the 2016 ESC Joint Prevention Guidelines.10

The targeted approach to lipid management is primarily aimed at
reducing atherosclerotic risk by substantially lowering LDL-C to lev-
els that have been achieved in recent large-scale trials of PCSK-9
inhibitors. Therefore, for patients at very high CV risk, whether in
secondary prevention or (rarely) in primary prevention, LDL-C
reduction of >_50% from baseline and an LDL-C goal of <1.4 mmol/L
(<55 mg/dL) are recommended. 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-based therapy, an LDL-C goal <1.0 mmol/L (<40 mg/dL) may
be considered.119,120 For people at high CV risk, an LDL-C reduction
of >_50% from baseline and an LDL-C goal <1.8 mmol/L (<70 mg/dL)
are recommended. In patients at moderate CV risk, an LDL-C goal
<2.6 mmol/L (<100 mg/dL) should be considered, while for low-risk
individuals a goal of <3.0 mmol/L (<116 mg/dL) may be considered
(see Recommendations for treatment goals for low-density lipoprotein cho-
lesterol below and Supplementary Table 2).

Secondary goals have also been defined by inference for non-
HDL-C and for ApoB; they receive a moderate grading, as they have
not been extensively studied in RCTs. The specific goal for non-
HDL-C should be 0.8 mmol/L (30 mg/dL) higher than the corre-
sponding LDL-C goal; the adjustment of lipid-lowering therapy in
accordance with these secondary goals may be considered in patients
at very high CV risk after achievement of an LDL-C goal, although the
clinical advantages of this approach with respect to outcomes remain
to be addressed. When secondary targets are used the recommenda-
tions are: (i) non-HDL-C <2.2 mmol/L (<85 mg/dL), <2.6 mmol/L
(<100 mg/dL), and <3.4 mmol/L (<130 mg/dL) in people at very high,
high, and moderate CV risk, respectively;121!123 and (ii) ApoB <65
mg/dL, <80 mg/dL, and <100 mg/dL in very-high, high, and moderate
total CV risk, respectively.121,123,124

To date, no specific goals for HDL-C or TG levels have been
determined in clinical trials, although increases in HDL-C predict
atherosclerosis regression, and low HDL-C is associated with excess
events and mortality in coronary artery disease (CAD) patients, even
at low LDL levels. Clinicians should use clinical judgment when con-
sidering further treatment intensification in patients at high or very
high total CV risk.

7 Lifestyle modifications to
improve the plasma lipid profile

The pivotal role of nutrition in the prevention of ASCVD has been
extensively reviewed.125!129 Dietary factors influence the develop-
ment of CVD either directly or through their action on traditional
risk factors, such as plasma lipids, BP, or glucose levels.

Recommendations for treatment goals for low-density lipoprotein cholesterol

Recommendations Classa Levelb

In secondary prevention for patients at very-high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of

<1.4 mmol/L (<55 mg/dL) are recommended.33!35,119,120 I A

In primary prevention for individuals at very-high risk but without FH,c an LDL-C reduction of >_50% from baselined and

an LDL-C goal of <1.4 mmol/L (<55 mg/dL) are recommended.34!36 I C

In primary prevention for individuals with FH at very-high risk, an LDL-C reduction of >_50% from baseline and an LDL-C

goal of <1.4 mmol/L (<55 mg/dL) should be considered.
IIa C

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-based therapy, an LDL-C goal of <1.0 mmol/L (<40 mg/dL) may be

considered.119,120

IIb B

In patients at high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of <1.8 mmol/L (<70 mg/dL) are

recommended.34,35 I A

In individuals at moderate risk,c an LDL-C goal of <2.6 mmol/L (<100 mg/dL) should be considered.34 IIa A

In individuals at low risk,c an LDL-C goal <3.0 mmol/L (<116 mg/dL) may be considered.36 IIb A

ASCVD = atherosclerotic cardiovascular disease; FH = familial hypercholesterolaemia; LDL-C = low-density lipoprotein cholesterol.
aClass of recommendation.
bLevel of evidence.
cFor definitions see Table 4.
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.

22 ESC/EAS Guidelines

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/advance-article-abstract/doi/10.1093/eurheartj/ehz455/5556353 by Spitalverbund eJournals Sankt G

allen user on 09 Septem
ber 2019

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..treatment, although this consensus opinion has not been fully tested.
For all these reasons, the European Task Force retains a goal
approach to lipid management and treatment goals are tailored to
the total CV risk level. There is also evidence suggesting that lowering
of LDL-C beyond the goals that were set in the previous EAS/ESC
Guidelines is associated with fewer ASCVD events.34,116,117

Therefore, it seems appropriate to reduce LDL-C to as low a level as
possible, at least in patients at very high CV risk, and for this reason a
minimum 50% reduction is suggested for LDL reduction, together
with reaching the tailored goal.

The lipid goals are part of a comprehensive CV risk reduction
strategy and are summarized in Table 7. The rationales for the non-
lipid targets are given in the 2016 ESC Joint Prevention Guidelines.10

The targeted approach to lipid management is primarily aimed at
reducing atherosclerotic risk by substantially lowering LDL-C to lev-
els that have been achieved in recent large-scale trials of PCSK-9
inhibitors. Therefore, for patients at very high CV risk, whether in
secondary prevention or (rarely) in primary prevention, LDL-C
reduction of >_50% from baseline and an LDL-C goal of <1.4 mmol/L
(<55 mg/dL) are recommended. 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-based therapy, an LDL-C goal <1.0 mmol/L (<40 mg/dL) may
be considered.119,120 For people at high CV risk, an LDL-C reduction
of >_50% from baseline and an LDL-C goal <1.8 mmol/L (<70 mg/dL)
are recommended. In patients at moderate CV risk, an LDL-C goal
<2.6 mmol/L (<100 mg/dL) should be considered, while for low-risk
individuals a goal of <3.0 mmol/L (<116 mg/dL) may be considered
(see Recommendations for treatment goals for low-density lipoprotein cho-
lesterol below and Supplementary Table 2).

Secondary goals have also been defined by inference for non-
HDL-C and for ApoB; they receive a moderate grading, as they have
not been extensively studied in RCTs. The specific goal for non-
HDL-C should be 0.8 mmol/L (30 mg/dL) higher than the corre-
sponding LDL-C goal; the adjustment of lipid-lowering therapy in
accordance with these secondary goals may be considered in patients
at very high CV risk after achievement of an LDL-C goal, although the
clinical advantages of this approach with respect to outcomes remain
to be addressed. When secondary targets are used the recommenda-
tions are: (i) non-HDL-C <2.2 mmol/L (<85 mg/dL), <2.6 mmol/L
(<100 mg/dL), and <3.4 mmol/L (<130 mg/dL) in people at very high,
high, and moderate CV risk, respectively;121!123 and (ii) ApoB <65
mg/dL, <80 mg/dL, and <100 mg/dL in very-high, high, and moderate
total CV risk, respectively.121,123,124

To date, no specific goals for HDL-C or TG levels have been
determined in clinical trials, although increases in HDL-C predict
atherosclerosis regression, and low HDL-C is associated with excess
events and mortality in coronary artery disease (CAD) patients, even
at low LDL levels. Clinicians should use clinical judgment when con-
sidering further treatment intensification in patients at high or very
high total CV risk.

7 Lifestyle modifications to
improve the plasma lipid profile

The pivotal role of nutrition in the prevention of ASCVD has been
extensively reviewed.125!129 Dietary factors influence the develop-
ment of CVD either directly or through their action on traditional
risk factors, such as plasma lipids, BP, or glucose levels.

Recommendations for treatment goals for low-density lipoprotein cholesterol

Recommendations Classa Levelb

In secondary prevention for patients at very-high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of

<1.4 mmol/L (<55 mg/dL) are recommended.33!35,119,120 I A

In primary prevention for individuals at very-high risk but without FH,c an LDL-C reduction of >_50% from baselined and

an LDL-C goal of <1.4 mmol/L (<55 mg/dL) are recommended.34!36 I C

In primary prevention for individuals with FH at very-high risk, an LDL-C reduction of >_50% from baseline and an LDL-C

goal of <1.4 mmol/L (<55 mg/dL) should be considered.
IIa C

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-based therapy, an LDL-C goal of <1.0 mmol/L (<40 mg/dL) may be

considered.119,120

IIb B

In patients at high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of <1.8 mmol/L (<70 mg/dL) are

recommended.34,35 I A

In individuals at moderate risk,c an LDL-C goal of <2.6 mmol/L (<100 mg/dL) should be considered.34 IIa A

In individuals at low risk,c an LDL-C goal <3.0 mmol/L (<116 mg/dL) may be considered.36 IIb A

ASCVD = atherosclerotic cardiovascular disease; FH = familial hypercholesterolaemia; LDL-C = low-density lipoprotein cholesterol.
aClass of recommendation.
bLevel of evidence.
cFor definitions see Table 4.
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.
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..treatment, although this consensus opinion has not been fully tested.
For all these reasons, the European Task Force retains a goal
approach to lipid management and treatment goals are tailored to
the total CV risk level. There is also evidence suggesting that lowering
of LDL-C beyond the goals that were set in the previous EAS/ESC
Guidelines is associated with fewer ASCVD events.34,116,117

Therefore, it seems appropriate to reduce LDL-C to as low a level as
possible, at least in patients at very high CV risk, and for this reason a
minimum 50% reduction is suggested for LDL reduction, together
with reaching the tailored goal.

The lipid goals are part of a comprehensive CV risk reduction
strategy and are summarized in Table 7. The rationales for the non-
lipid targets are given in the 2016 ESC Joint Prevention Guidelines.10

The targeted approach to lipid management is primarily aimed at
reducing atherosclerotic risk by substantially lowering LDL-C to lev-
els that have been achieved in recent large-scale trials of PCSK-9
inhibitors. Therefore, for patients at very high CV risk, whether in
secondary prevention or (rarely) in primary prevention, LDL-C
reduction of >_50% from baseline and an LDL-C goal of <1.4 mmol/L
(<55 mg/dL) are recommended. 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-based therapy, an LDL-C goal <1.0 mmol/L (<40 mg/dL) may
be considered.119,120 For people at high CV risk, an LDL-C reduction
of >_50% from baseline and an LDL-C goal <1.8 mmol/L (<70 mg/dL)
are recommended. In patients at moderate CV risk, an LDL-C goal
<2.6 mmol/L (<100 mg/dL) should be considered, while for low-risk
individuals a goal of <3.0 mmol/L (<116 mg/dL) may be considered
(see Recommendations for treatment goals for low-density lipoprotein cho-
lesterol below and Supplementary Table 2).

Secondary goals have also been defined by inference for non-
HDL-C and for ApoB; they receive a moderate grading, as they have
not been extensively studied in RCTs. The specific goal for non-
HDL-C should be 0.8 mmol/L (30 mg/dL) higher than the corre-
sponding LDL-C goal; the adjustment of lipid-lowering therapy in
accordance with these secondary goals may be considered in patients
at very high CV risk after achievement of an LDL-C goal, although the
clinical advantages of this approach with respect to outcomes remain
to be addressed. When secondary targets are used the recommenda-
tions are: (i) non-HDL-C <2.2 mmol/L (<85 mg/dL), <2.6 mmol/L
(<100 mg/dL), and <3.4 mmol/L (<130 mg/dL) in people at very high,
high, and moderate CV risk, respectively;121!123 and (ii) ApoB <65
mg/dL, <80 mg/dL, and <100 mg/dL in very-high, high, and moderate
total CV risk, respectively.121,123,124

To date, no specific goals for HDL-C or TG levels have been
determined in clinical trials, although increases in HDL-C predict
atherosclerosis regression, and low HDL-C is associated with excess
events and mortality in coronary artery disease (CAD) patients, even
at low LDL levels. Clinicians should use clinical judgment when con-
sidering further treatment intensification in patients at high or very
high total CV risk.

7 Lifestyle modifications to
improve the plasma lipid profile

The pivotal role of nutrition in the prevention of ASCVD has been
extensively reviewed.125!129 Dietary factors influence the develop-
ment of CVD either directly or through their action on traditional
risk factors, such as plasma lipids, BP, or glucose levels.

Recommendations for treatment goals for low-density lipoprotein cholesterol

Recommendations Classa Levelb

In secondary prevention for patients at very-high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of

<1.4 mmol/L (<55 mg/dL) are recommended.33!35,119,120 I A

In primary prevention for individuals at very-high risk but without FH,c an LDL-C reduction of >_50% from baselined and

an LDL-C goal of <1.4 mmol/L (<55 mg/dL) are recommended.34!36 I C

In primary prevention for individuals with FH at very-high risk, an LDL-C reduction of >_50% from baseline and an LDL-C

goal of <1.4 mmol/L (<55 mg/dL) should be considered.
IIa C

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-based therapy, an LDL-C goal of <1.0 mmol/L (<40 mg/dL) may be

considered.119,120

IIb B

In patients at high risk,c an LDL-C reduction of >_50% from baselined and an LDL-C goal of <1.8 mmol/L (<70 mg/dL) are

recommended.34,35 I A

In individuals at moderate risk,c an LDL-C goal of <2.6 mmol/L (<100 mg/dL) should be considered.34 IIa A

In individuals at low risk,c an LDL-C goal <3.0 mmol/L (<116 mg/dL) may be considered.36 IIb A

ASCVD = atherosclerotic cardiovascular disease; FH = familial hypercholesterolaemia; LDL-C = low-density lipoprotein cholesterol.
aClass of recommendation.
bLevel of evidence.
cFor definitions see Table 4.
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.

22 ESC/EAS Guidelines
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LDL-Cholesterin – je tiefer 
desto besser ! 
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LDL-Cholesterin – wieviel besser ist tiefer ?

Stefan Bilz
Klinik für Endokrinologie, Diabetologie, Osteologie 
und Stoffwechselerkrankungen



Kohortenstudien, Mendel‘sche Randomisierungs-
studien und randomisierte Studien zeigen: je 
grösser die LDL-C-Senkung, desto grösser die 
kardiovaskuläre Risikoreduktion

Ference et al., European Heart Journal epub 2017 



Genetische –Mendel‘sche Randomisierung
Träger von Genvarianten, die mit lebenslang tieferem LDL-C 
assoziiert sind, gehen mit einem tieferen KHK-Risiko einher
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..CHD,20,27–30 thus providing powerful evidence that LDL is causally
associated with the risk of CHD. Indeed, when the effect of each
LDL-C variant is plotted against its effect on CHD, there is a continu-
ous, dose-dependent, and log-linear causal association between the
magnitude of the absolute change in LDL-C level and the lifetime risk
of CHD (Figure 2 ).28,30

Furthermore, when adjusted for a standard decrement in LDL-
C, each of the genetic variants associated with LDL-C has a re-
markably similar effect on the risk of CHD per unit lower LDL-C,
including variants in the genes that encode the targets of pharma-
cological agents commonly used to lower LDL-C [i.e. 3-hydroxy-
3-methyl-glutaryl-coenzyme A reductase (HMGCR), the target of
statins; Niemann-Pick C1-like 1 (NPC1L1), the target of
ezetimibe; and proprotein convertase subtilisin/kexin type 9

(PCSK9), the target of the monoclonal antibodies alirocumab and
evolocumab; see Figure 3 ], with no evidence of any heterogeneity
of effect (I2 = 0%).28,30,31 This observation strongly implies that
the causal effect of these variants on the risk of CHD is mediated
essentially entirely through LDL, because it would be implausible
that variants in numerous different genes involving multiple dis-
tinct biological pathways by which LDL is lowered would each
have directionally concordant and quantitatively similar pleio-
tropic effects on the risk of ASCVD.

Taken together, meta-analyses of Mendelian randomization studies
involving more than 300 000 participants and 80 000 CHD cases pro-
vide compelling evidence that LDL is causally associated with the risk
of ASCVD and that the causal effect of LDL on ASCVD is largely in-
dependent of the mechanism by which LDL is ‘lowered’.

Figure 3 Effect of exposure to lower low-density lipoprotein cholesterol (LDL-C) by mechanism of LDL-C lowering. Panel A shows the effect of
genetic variants or genetic scores combining multiple variants in the genes that encode for the targets of currently available LDL-C-lowering thera-
pies, adjusted for a standard decrement of 0.35 mmol/L lower LDL-C, in comparison with the effect of lower LDL-C mediated by variants in the LDL
receptor gene. Panel B shows the effect of currently available therapies that act to primarily lower LDL-C through the LDL receptor pathway, ad-
justed per millimole per litre lower LDL-C. Both the naturally randomized genetic data in Panel A and the data from randomized trials in Panel B sug-
gest that the effect of LDL-C on the risk of cardiovascular events is approximately the same per unit change in LDL-C for any mechanism that lowers
LDL-C via up-regulation of the LDL receptor where the change in LDL-C (which is used in clinical medicine to estimate the change in LDL particle
concentration) is likely to be concordant with changes in LDL particle concentration.

6 B.A. Ference et al.

Ference et al., European Heart Journal epub 2017 



Cohen JC, et al, NEJM 354: 1264, 2006,

PCSK9 „loss-of-function“ Varianten sind mit 
tiefem LDL-C und tiefem KHK-Risiko assoziiert 



IMPROVE-IT Studie: LDL-C 1.8 -> 1.4 mmol/l
Ezetimibe vs. Placebo bei Patienten nach ACS unter Therapie 
mit Simvastatin

Primärer Endpunkt:
Kardiovaskulärer Tod, MI, Instable Angina, 
Koronare Revaskularisation, oder Stroke 
ARR 2%, NNT ca. 50

Cannon et al., N Engl J Med epub Jun 2015



Endpunkte Simvastatin
n=9077 (%) 

Ezetimibe/
Simvastatin,
n=9067 (%) 

P 

Primärer Endpunkt (Kardiovaskulärer
Tod, MI, Instable Angina, 
Koronare Revaskularisation, oder Stroke) 

34.7 32.7 0.016

Todesfall 15.3 15.4 0.782
MI 14.8 13.1 0.002
Schlaganfall 4.8 4.2 0.052
Ischämischer Schlaganfall 4.1 3.4 0.008
Instabile Angina 1.9 2.1 0.618
Koronare Revaskularisation 23.4 21.8 0.107
LDL-Cholesterin (mmol/l) 1.80 1.38

IMPROVE-IT
Simvastatin 40 vs. Simvastatin 40 + Ezetimibe 10 mg bei 
Patients nach einem akuten Koronarsyndrom

Cannon et al., N Engl J Med epub Jun 2015



FOURIER Studie: LDL-C 2.4 -> 0.8 mmol/l
Evolocumab 140 mg alle 2 Wo oder 420 mg alle w Wo vs. 
Placebo bei Patienten mit KHK oder multiplen Risikofaktoren 
(80% KHK, 69% hochdosierte Statintherapie)

Primärer Endpunkt
Kardiovaskulärer Tod, nicht-tödl. Herzinfarkt
oder Schlaganfall, instabile AP, Revaskularisation
ARR 1.6%, NNT = 63

Sekundärer Endpunkt
Kardiovaskulärer Tod, nicht-tödl. Herzinfarkt
oder Schlaganfall
ARR 1.4%, NNT=70 

Sabatine et al., NEJM 376:1713, 2017



Endpunkt (%) Placebo
n=13‘780

Evolocumab
n=13‘784 P 

Primärer Endpunkt
Kardiovaskulärer Tod, nicht-tödl. Herzinfarkt
oder Schlaganfall, instabile AP, Revaskularisation

11.3 9.8 <0.001

Tod 3.1 3.2 0.54
Herzinfarkt 3.6 3.4 <0.001
Schlaganfall 1.9 1.5 0.001
Ischämischer Schlaganfall 2.1 1.7 0.003
Instabile AP 1.7 1.7 ns
Koronare Revaskularisation 7.0 5.5 <0.001
Mittelwert LDL-Cholesterin (mmol/l) 2.40 0.78

FOURIER Studie
Evolocumab 140 mg alle 2 Wo oder 420 mg alle w Wo vs. 
Placebo bei Patienten mit KHK oder multiplen Risikofaktoren 
(80% KHK, 69% intensive Statintherapie)

Sabatine et al., NEJM 376:1713, 2017



ODYSSEY Outcomes Studie: LDL-C 2.4 -> 1.2 mmol/l
Alirocumab 75 (150) mg alle 2 Wo (Titration auf LDL-C Ziel of 0.6-1.3 
mmol/l) bei Pat. unter hoch dosiertem Statin nach ACS

n engl j med  nejm.org 8

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Discussion

Among patients who had a previous acute coro-
nary syndrome and in whom lipid levels exceeded 
specified thresholds despite atorvastatin or rosu-
vastatin therapy at a high-intensity dose or at the 
maximum tolerated dose, the risk of a compos-
ite of death from coronary heart disease, non-
fatal myocardial infarction, fatal or nonfatal 
ischemic stroke, or unstable angina requiring 
hospitalization was lower among those who 
were treated with alirocumab than among those 
who received placebo. These benefits were ob-
served in the context of background care that 
included extensive use of evidence-based treat-
ments16-19 as well as the use of a dose-adjustment 
strategy for alirocumab that targeted an LDL 
cholesterol level of 25 to 50 mg per deciliter and 
allowed a level of 15 to 25 mg per deciliter, but 
that avoided sustained levels below 15 mg per 
deciliter.

The absolute benefit of alirocumab with re-
spect to the composite primary end point was 
more pronounced among patients who had a 
baseline LDL cholesterol level of 100 mg or more 
per deciliter than among patients with a lower 

baseline LDL cholesterol level. Similarly, a recent 
meta-analysis showed that intensive lowering of 
LDL cholesterol (primarily with the use of statins) 
resulted in a mortality benefit that was observed 
only among patients with a baseline LDL choles-
terol level of 100 mg or more per deciliter.20

Over a median follow-up period of 2.8 years, 
with more than 8000 patients who were eligible 
to be followed for 3 to 5 years and 6444 patients 
who received the assigned alirocumab or place-
bo for at least 3 years, the incidence of adverse 
events did not differ significantly between the 
two groups, with the exception of local injection-
site reactions. Whether the safety and efficacy of 
alirocumab were influenced by the blinded dose-
adjustment strategy, which was designed to miti-
gate the occurrence of very low levels of LDL 
cholesterol, is unknown. Serious safety concerns 
were also not observed with evolocumab in the 
FOURIER (Further Cardiovascular Outcomes Re-
search with PCSK9 Inhibition in Subjects with 
Elevated Risk) trial,11 which had no lower limit 
for allowable LDL cholesterol levels; however, 
that trial had a shorter median follow-up, and 
very few patients were followed for 3 or more 
years. Neither trial can fully predict longer-term 
safety of treatment with a PCSK9 monoclonal 
antibody.

Lowering of LDL cholesterol levels with alirocu-
mab was sustained but to a lesser extent than 
that reported in previous trials that had a shorter 
duration.9 The increase in LDL cholesterol over 
time in the intention-to-treat analysis reflects 
premature discontinuation of treatment, dose 
reduction or substitution of placebo for alirocu-
mab under blinded conditions, and attenuation 
of the intensity of statin treatment. The last fac-
tor probably also contributed to the rise in LDL 
cholesterol observed in the placebo group, in the 
on-treatment analysis in the alirocumab group, 
and in previous trials involving patients who had 
an acute coronary syndrome.5,21 Antidrug anti-
bodies were detected in few patients and have 
been shown not to influence the lipid-lowering 
efficacy of alirocumab.22

There are noteworthy similarities and dif-
ferences between our trial and the previous 
FOURIER and SPIRE (Studies of PCSK9 Inhibi-
tion and the Reduction of Vascular Events) trials, 
which evaluated the PCSK9 antibodies evolocu-
mab and bococizumab, respectively.11,13 The cur-
rent trial and the FOURIER trial showed similar 
improvements in composite cardiovascular out-

Figure 2. Cumulative Incidence of the Composite Primary End Point.

Shown is the cumulative incidence of the primary efficacy end point (a com-
posite of death from coronary heart disease, nonfatal myocardial infarction, 
fatal or nonfatal ischemic stroke, or unstable angina requiring hospitaliza-
tion). The Kaplan–Meier rates for the primary end point at 4 years were 
12.5% (95% CI, 11.5 to 13.5) in the alirocumab group and 14.5% (95% CI, 
13.5 to 15.6) in the placebo group. The inset shows the same data on an 
enlarged y axis. The P value was calculated with the use of log-rank tests, 
stratified according to geographic region.
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Primärer Endpunkt
Kardiovaskulärer Tod, nicht-tödl. Herzinfarkt
oder Schlaganfall, instabile AP, Revaskularisation
ARR 2.0%, NNT = 49

Zeit nach ACS Median 2.6 Monate
hochdosierte Statintherapie 88.8%

14.5%

12.5%

Schwarzt et al., NEJM epub Nov 7 2018



Endpoint (%) Placebo
n=9’462

Aliroocumab
n=9’462 P 

Primärer Endpunkt:
Kardiovaskulärer Tod, nicht-tödl. Herzinfarkt
oder Schlaganfall, instabile AP, Revaskularisation

11.1 9.5 <0.001

Koronares Ereignis 14.3 12.7 0.001
Schwerwiegendes koronares Ereignis 9.5 8.4 0.006
Tod, nichttödlicher Herzinfarkt oder Schlaganfall 11.9 10.3 <0.001
Tod infolge KHK 2.3 2.2 0.038
Kardiovaskulärer Tod 2.9 2.5
Tod 4.1 3.5
LDL-Cholesterol (mmol/l) @ 12 Monaten 2.5 1.2

ODYSSEY Outcomes Study
Alirocumab 75 (150) mg q 2 weeks (titrated to an LDL-C target
of 0.6-1.3 mmol/l) in statin treated post ACS patients

Schwarzt et al., NEJM epub Nov 7 2018



Verteilung der LDL-C-Werte mit Evolocumab vs. 
Placebo in der FOURIER Studie

Giugliano et al., Lancet, epub August 28, 2017

Mean LDL-C: 2.4 -> 0.8 mmol/l



Kardiovaskuläres Risiko und Nebenwirkungen in 
Abhängigkeit vom Erreichten LDL-C in der FOURIER 
Studie
LDL-C (mmol/l) 
after 4 weeks < 0.5 0.5 - <1.3 1.3 - <1.8 1.8 - <2.6 ≥ 2.6 p (Trend)

n 2669 8003 3444 7471 4395
Evolocumab 99.6 96 41 10 10
1° endpoint* (%) 10.3 12.4 13.6 13.7 15.5 <0.0001
1° endpoint*
(Hazard Ratio, 95% CI)

0.76 
(0·64–0·90)

0.85
(0·76–0·96) 

0.94
(0·82–1·09) 

0.97
(0·86–1·09) 1.0 <0.0001

SAE
(Odds-ratio, 95% CI)

0·97 
(0·86–1·10) 

1·01 
(0·92–1·11) 

1·01 
(0·90–1·13)

0·93 
(0·84–1·02) 1.00 0.30

New onset DM
(Odds-ratio, 95% CI)

1·06 
(0·83–1·35) 

1·00 
(0·83–1·20) 

1·03 
(0·83–1·30)

0·95 
(0·78–1·14) 1.00 0.48

Neurocognitive event
(Odds-ratio, 95% CI)

1·28 
(0·84–1·96) 

1·10 
(0·78–1·55) 

1·10 
(0·73–1·65)

0·97 
(0·68–1·39) 1.00 0.15

*CVD death, MI, stroke, coronary revascularisation, unstable angina

Giugliano et al., Lancet, epub August 28, 2017



Zielwert 1.4 mmol/l – welche Therapie ?

Potentes Statin

40-50% LDL-C-Reduktion

Potentes Statin +
Ezetimibe
60% LDL-C-Reduktion

Potentes Statin +
PCSK9i
70% LDL-C-Reduktion

1.4

2.8

3.5

LD
L-

C
 (m

m
ol

/l)

>3.5



Aktuelle Limitatio für PCSK9i in der Schweiz 
(Auszug)

• Im Moment gerade für Praluent und Repatha unterschiedlich
• Klinisch manifestes ischämisches und LDL-C > 2.6 mmol/l trotz 

max. tolerierter Statintherapie (Repatha)



Was kostet es in der kardiovaskulären 
Sekundärprävention, 1 Ereignis zu verhindern ? 
(3P-MACE: kv Tod, nicht-tödl. MI und CVI)

Studie Präparat ARR (%) NNT Follow-Up
(Monate)

Kosten/Mo 
(CHF)*

Kosten x
FU x NNT

Odyssey Alirocumab 1.6 63 34 558 1’195’236

Fourier Evolocumab 1.5 66 26 450 772’200

Improve-It Ezetimib 1.6 63 84 26 138’121

Leader Liraglutide 1.9 52 42 225 491‘400

Empa-Reg** Empagliflozin 6.5 15 37 63 34‘965

Compass Rivaroxaban 2.0 50 21 96 100‘800

* Publikumspreis Schweiz gem. SL am 23.10.2019, **Mortalitätsreduktion



Incidence (%)
Subgroup Patients Alirocumab Placebo HR (95% CI) p-value*

Primärer Endpunkt in der Odyssey Outcomes 
Studie in Abhängigkeit vom Baseline LDL-C

*P-values for 
interaction

Years Since Randomization

M
AC

E 
(%

)

0 1 2 3 4
0

4

8

12

16

20

Number at Risk
Placebo
Alirocumab

3583 3347 3122 1290 256
3581 3365 3183 1327 233

Placebo
Alirocumab

Years Since Randomization

M
AC

E 
(%

)

0 1 2 3 4
0

4

8

12

16

20

Number at Risk
Placebo
Alirocumab

3062 2889 2708 1195 195
3066 2880 2732 1194 213

Years Since Randomization
M

AC
E 

(%
)

0 1 2 3 4
0

4

8

12

16

20

Number at Risk
Placebo
Alirocumab

2815 2568 2371 986 178
2814 2602 2431 1053 207

<2.0 mmol/l 2.0 to < 2.6 mmol/l ³2.6 mmol/l

14.9%

11.5%

D 3.4%
NNT 29



Effekt von Alirocumab in der ODYSSEY Outcomes 
Studie bei polyvaskulärer Erkrankung (KHK, PAVK, ZVK)

1.4% 1.9%

13.0%

0%

4%

8%

12%

16%

1 2 3

ARR für primären Endpunkt

3.5%

10.0%

21.8%

0%

5%

10%

15%

20%

25%

1 2 3

ARR für Tod

Anzahl betroffener Gefässregionen
Prozent Patienten pro Gruppe: 1 .. 91.8%, 2 .. 7.4%, 3 .. 0.8% Jukema et al, JACC epub March 12 2019



Absolute Risikoreduktion und „NNT“ in 
spezifischen Subgruppen der FOURIER Studie

ARR mit 
Merkmal

NNT mit 
Merkmal

ARR ohne 
Merkmal

NNT ohne 
Merkmal

Diabetes 2.7 37 1.6 61

hsCRP > 3 mg/l 2.6 36 1.8 58

Lp(a) > 500 mg/l 2.4 41 1.4 71

MI < 2 Jahre 3.4 29 0.8 125

≥ 2 MI 3.7 27 1.3 77

Mehrgefäss KHK 3.6 28 1.2 83

Sabatine et al, Lancet Diab Endo 12: 941, 2017; Bohula et al, Circulation 138: 131, 2018; 
Sabatine et al, Circulation 138: 756, 2018;O‘Donoghue et al, Circulation 12: 1483, 2019; 



Wer profitiert besonders von PCSK9-Hemmern ?

Polyvaskuläre 
Erkrankung

Kürzlicher u/o 
mehrere MI

LDL-C > 2.6 
mmol/l

Mehrgefäss
KHKDiabetes

hsCRP > 3 mg/l

Hohes Lp(a)



Zusammenfassung

• ESC-Guidelines: neues LDL-C-Ziel in der Sekundärprävention bzw. bei sehr 
hohem kv Risiko < 1.4 mmol/l.

• Notwendigkeit einer LDL-C-senkenden Kombinationstherapie (Ezetimib/PCSK9-
Hemmer) nimmt deutlich zu.

• Limitatio für PCSK9-Hemmer angepasst: klinische ischämische kv Erkrankung 
und LDL-C > 2.6 mmol/l. 

• Ezetimib/PCSK9i zusätzlich zu einer Statintherapie und eine LDL-C-
Senkung < 1.4 mmol/l reduzieren kv Ereignisse, keine Mortalitätsreduktion.

• PCSK9-Hemmer sind (mE) immer noch sehr (zu) teuer, auch im Vgl. mit anderen 
Präparaten, die in der kv Prävention eingesetzt werden.

• Das Patientenprofil, das einen bes. Nutzen einer PCSK9-Hemmer-Therapie 
erwarten lässt, ist gut definiert.



Zu tief ?
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Labor ZLM SG ZLM SG ZLM SG ZLM SG ZLM SG ZLM SG ZLM SG ZLM SG ZLM SG
Probeneingang
 Datum × × 9.Apr 27.Jun 12.Sep 18.Okt ×
 Zeit × × 08:06 09:25 08:41 11:58 ×
Probenmaterial/Präanalytik:
 Heparin-Blut ×
 EDTA-Blut ×
 Nativ-Blut × × ×
 Heparin-Plasma × × × × × ×
Natrium [136-144 mmol/l] 140
Kalium [3.5-5.1 mmol/l] 3.5
Creatinin [<115 µmol/l] 77 81
GFR(CKD-EPI) [>60 ml/min/1.73 m²] >90.0 >90.0
Bilirubin gesamt [<20 µmol/l] 15
AST [<40 U/l] 52* 38 folgt
ALT [<55 U/l] 49 105* 82* folgt
ALP [53-128 U/l] 79
GGT [<65 U/l] 21
TSH (3.IS) [0.25-4 mlU/l] 1.44
lösl. Transf.-Rezeptor [12.16-27.25 nmol/l] 20.8
Ferritin [25-330 µg/l] 123
Cholesterin [<5.0 mmol/l] 5.9* 6.2* sistiert 5.8* 6.5* 1.5 folgt
Triglyceride [<1.7 mmol/l] 1.3 1.7* 1.3 sistiert 1.2 1.5 1.2 folgt
Cholesterin/HDL [<5] 5.9* 6.2* 6.4* 7.2* 1.5
HDL-Cholesterin [>1.0 mmol/l] 1.0 1.0 sistiert 0.9* 0.9* 1.0 folgt
LDL-Cholesterin [<2.6 mmol/l] 4.7* 4.7* 4.5* sistiert 4.8* 5.3* 0.3 folgt
Lp(a) INA [<300 mg/l] 175
Apolipoprotein B [0.6-1.1 g/l] 1.29* 1.27* <0.22*

Das Vademedum des ZLM ist Bestandteil dieses Berichts. Es enthält Angaben über Probenmaterialien, Unterauftragnehmer sowie 
Stichprobenrelevanz. Angaben zur analytischen Zuverlässigkeit (Messunsicherheit) können im Labor erfragt werden. Dieser Bericht 
darf nicht auszugsweise kopiert werden, dagegen ist die Verwendung einzelner Resultate unter Quellenangaben erlaubt..
Eingang: 31.01.2020  -  Befundfreigabe: nicht definiert  -  Preis: 41.50

Herr Stefan Bilz
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Besten Dank für Ihren Auftrag



Sicherheit sehr tiefer LDL-C-Werte unter PCSK9i
• Datenquellen

• Genetische Modelle
• Familiäre Hypobetalipoproteinemie (APOB-, MTTP- und PCSK9 LOF Mutationen)
• Familiär kombinierte Hypolipidemie (Agiopoietin like protein 3 mutations)

• Klinische Studien mit PCSK9i
• Bedenken

• Neurokognitive Ereignisse – brain function
• Leber – NAFLD
• Diabetes
• Einschränkung der Immunantwort bei Infekten
• Krebs

• Bisher keine Evidenz für ein mit starker LDL-C-Senkung assoziiertes 
Risiko

Olsson AG et al, J Int Med 281: 534, 2017
Noto et al, Cardiovasc Res 114: 1595: 2018
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