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LDL cholesterol

Observational studies
In‐vitro and animal studies

Genetic studies
Randomised clinical intervention trials

Residual risk of cardiovascular disease after LDL‐C lowering

Cholesterol in other types of lipoproteins?

Remnant particles? Lipoprotein(a)? 
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Remnant cholesterol

Calculated:
Total cholesterol – LDL cholesterol – HDL cholesterol

Cholesterol content of the triglyceride‐rich
lipoproteins (remnants)
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Hypotheses

Remnant
cholesterol

All‐cause mortality

Ischemic heart disease

Myocardial infarction



Copenhagen General 
Population Study 

2003‐17

Copenhagen City 
Heart Study 
1976‐78N≈14,000

N≈110,000

Methods



Randomised study vs. Mendelian randomisation 

Confounders evenly 
distributed between groups

Mendelian randomisation

Random distribution of alleles

Exposed
Alleles with high

Remnant‐C

Control
Alleles with average 

Remnant‐C

Risk of disease can be compared directly

Randomisation

Randomised study

Confounders evenly 
distributed between groups

Control
Placebo

Exposed
Active treatment

Risk of disease can be compared directly



# 1

# 2

# 3

# 4

Instruments (Z)
High Remnant‐C genotypes

Outcome (Y)
IHD
MI
Death

Exposure (X)
High Remnant‐C

Mendelian randomisation – study design 

Causal effect?



Hazard ratio (95% CI)
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All‐cause mortality

< 0.5
0.5‐0.99
1.0‐1.49
≥ 1.5

mmol/L

< 0.5
0.5‐0.99
1.0‐1.49
≥ 1.5

< 0.5
0.5‐0.99
1.0‐1.49
≥ 1.5

< 3
3‐3.99
4‐4.99
≥ 5

< 3
3‐3.99
4‐4.99
≥ 5

< 3
3‐3.99
4‐4.99
≥ 5

mmol/L

Hazard ratio (95% CI)

N = 86,417 
Events= 4,623

N = 86,595 
Events= 1,793

N = 91,559 
Events= 8,466

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

Remnant cholesterol LDL cholesterol
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Odds ratio / causal risk ratio (95%CI)

Odds ratio / causal risk ratio (95%CI)

Ischemic heart disease

Myocardial infarction

Remnant cholesterol 
increase of 1 mmol/L

Remnant cholesterol 
doubling in levels

Observational

Using genetics

N total N events

56,667 2,874

73,513 11,984

Risk estimate

1.4

2.8

Observational

Using genetics

10,391 1,098

60,113 5,705

1.7

2.2

From Varbo JACC 2013; 61: 427-36

From Jørgensen Eur Heart J  2013; 34: 1826-33



Odds ratio / causal risk ratio (95%CI)

Odds ratio / causal risk ratio (95%CI)

Myocardial infarction

All‐cause mortality

Triglyceride doubling in levels

Observational

Using genetics

Triglyceride increase of 1 mmol/L

Observational

Using genetics

0 1 2 3 4 5

N total N events

10,391 1,098

60,113 5,705

13,957 9,991

10,208 4,005

Risk estimate

1.6

1.9

1.2

2.0

0 1 2 3 4 5

From Jørgensen Eur Heart J  2013; 34: 1826-33

From Thomsen Clin Chem 2014; 60: 737-46



Conclusion

Remnant
cholesterol
(triglycerides)

All‐cause mortality

Ischemic heart disease

Myocardial infarction



Eat less
Exercise more
(reduce alcohol)
(treat diabetes)
Potent statin

Fibrate
(Fish oils / niacin)



Lp(a)



Lipoprotein(a)

apolipo-
protein(a)

LDL-like
particle

Koschinsky et al. Cur Opin Lipidol 2004;15:167-174

Kringle IV-2 
copy 
number 
variant:
2 to >40 
repeats

Danish 
kringle
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Men Women

20% 20%

Copenhagen General Population Study

Low number of 
Kringle IV-2 

repeats

High number of 
Kringle IV-2 

repeats

Nordestgaard et al. EAS Consensus Panel. Eur Heart J 2010;31:2844-2853

80-90% 
genetically
determined

Men Women



Lipoprotein(a) Myocardial
Infarction?

KIV-2 genotype

Lipoprotein(a) and risk of myocardial infarction

1

2 3

Kamstrup et al. JAMA 2009; 301: 2331-9

Causal factor



Risk of CVD



Risk ratio (95% CI)

Kamstrup et al. JAMA 2009; 301: 2331-9

Risk of myocardial infarction for 
a doubling of lipoprotein(a) levels



Consistency with custom‐made 
chip/GWAStudies

Schunkert et al. 2011
Confirmed association of LPA locus with 
CAD in CAD case-control study of 56 000 
individuals

Clarke et al. 2009

Trégouët et al. 2009

LPA locus strongest association with CAD of 48 000 tested SNPs



Atherosclerosis

Myocardial 
infarction 

Angina 
pectoris

Elevated LDL cholesterol

Mutations in LDLR, APOB
or PCSK9 genes

Liver with only 50% 
functional LDL receptors

Coronary heart disease

Clinical familial
hypercholesterolaemia

1:200
Nordestgaard et al. Eur Heart J 2013; 34: 3478-3490



Lipoprotein(a) and FH

• Individuals with clinically diagnosed FH 
have high lipoprotein(a) levels

• Reduced LDL receptor function leads to 
high lipoprotein(a) concentration via 
decreased clearance of lipoprotein(a)?

• Is high lipoprotein(a) concentration a cause 
of clinical FH?



N= 42,934 3082 184

Copenhagen General Population Study

Dutch Lipid Clinic Network

Unlikely Possible Probable/definite

Li
po

pr
ot
ei
n(
a)
, m

g/
dL

Unadjusted: P<0∙0001

Langsted, Kamstrup, Benn, Tybjærg‐Hansen, Nordestgaard 2016; Lancet DE; 2016; 4: 577‐587.
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LDL cholesterol

Lp(a)
Lipoprotein(a) total mass

Total
cholesterol
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Adjusted LDL‐C: P=0.46

N= 42,934 43,699 3082 2360 184 141

Dutch Lipid Clinic Network

Unlikely Possible Probable/definite

Li
po

pr
ot
ei
n(
a)
, m

g/
dL

Unadjusted LDL‐C: P<0∙0001

Adjusted LDL‐C=
LDL‐C minus (Lp(a)*0.30)

Copenhagen General Population Study

Langsted, Kamstrup, Benn, Tybjærg‐Hansen, Nordestgaard 2016; Lancet DE; 2016; 4: 577‐587.

23%23%



1 2 3 4 5 6 7 8

Number/events

35,153/502
6921/137
2300/89
715/42

28,144/478
6917/133
1985/84
575/43

Hazard ratio for myocardial infarction (95%CI)

Clinical 
FH

KIV‐2

Lp(a)

No
No
Yes
Yes

≤50mg/dL

≤50mg/dL
>50mg/dL

>50mg/dL

Clinical 
FH
No
No
Yes
Yes

>20%

>20%
≤20%

≤20%

Copenhagen General Population Study

Langsted, Kamstrup, Benn, Tybjærg‐Hansen, Nordestgaard 2016; Lancet DE; 2016; 4: 577‐587.



High lipoprotein(a) as a cause of 
clinical familial hypercholesterolemia 

(FH)

Copenhagen 
General 

Population 
Study

N=46,200

FH 
1:200

Ranked causes
of clinical FH

1. LDLR
2. LPA (23%)
3. APOB
4. PCSK9

Langsted, Kamstrup, Benn, Tybjærg-Hansen, Nordestgaard 2016; Lancet DE; 2016; 4: 577-587.



Whom to screen for Lp(a)

• Premature CVD
• Familial hypercholesterolemia
• Family history premature CVD or Lp(a)
• Recurrent CVD despite statins
• ≥3% 10‐year risk of fatal CVD

Nordestgard et al. EAS Consensus Panel. Eur Heart J 2010;31:2844-2853 - updated



Treatment of Lp(a) ?
• Lifestyle changes minimal effect
• Statins to lower LDL‐C
• (Niacin ↓30%)
• Possibly apheresis ↓35% average

• Novel therapies?
–PCSK9 inhibitors ↓25%?
–CETP inhibitors ↓0‐50%?
–Apo(a) antisense oligo ↓80%?

Nordestgard et al. EAS Consensus Panel. Eur Heart J 2010;31:2844-2853 - updated



Conclusion
• Both remnant cholesterol and 
lipoprotein(a) have causal effect on risk
of cardiovascular disease and may
contribute to the residual risk

• Lipoprotein(a) should be considered a 
causal factor for clinical familial
hypercholesterolemia
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