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NORMAL He FH

Heterozygous Familial Hypercholesterolaemia (HeFH) is … 
A co-dominantly inherited mutation of a gene resulting in 
reduced function of the Low Density Lipoprotein Receptor.



Lipoprotein (a) is … A LDL particle 
covalently bonded to an enigmatic 

plasminogen-like protein (apolipoprotein (a)) 

• Lipoprotein (a)
Quantitative genetic trait
Antagonises plasminogen
Binds artery wall proteoglycans
Transports oxidised 
phospholipids
Independent risk factor for CVD
Also a risk factor for 
progression of Aortic Stenosis



NORMAL He FH

HeFH increases LDL synthesis from precursor IDL AND 
reduces LDL clearance.  

Lipoprotein (a) is mainly modulated by rate of synthesis 
(KIV 2 CNV) but catabolism is uncertain (?LDL-R) 

Opportunity for HeFH to affect Lp(a) level 
(gene-gene interaction)

by increased Lp(a) synthesis OR reduced 
Lp(a) catabolism

? ?



HeFH as a cumulative risk over time
Modification by gene-environment and 

gene-gene (including lipoprotein (a)) interactions. 

5 mmol/l



Is “double jeopardy” an understatement?  
Relative risk is more than x 100 

in young patients, more than x 8 lifelong
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Prevalence Estimates:
Untreated LDL Cholesterol ≥ 5 mmol/l: 14.5 Million , CAD OR ~6
Untreated LDL ≥ 5  & FH Mutation: 0.41 Million, CAD OR ~22
Compares with smoking, diabetes etc CAD OR approximately 2 or 3

Prevalence of FH: Extrapolation to the U.S. Adult 
Population (NHANES 2005 – 2012)



LDL 5.5 mmol/l

Δ = 0.5 mmol/l

Mean LDL
5 mmol/l

LDL 5.0 mmol/l

FH Mutation Carriers have Higher Cumulative 
Exposure to LDL Cholesterol (and Lp(a)?).



Family History: A risk factor in perspective: 
Newcastle Family History Studies I and II 
(Silberberg et al)

• Unknown family 
history reduces 
sensitivity in 2nd

degree relatives
• Selection and recall 

are biased towards 
“null hypothesis” so 
risk of +ve family 
history is under-
estimated.

• Number, age and 
relationship 
enhance family 
history (RR increase 
from 2.7 to 5.4)

• Small families are a 
problem: ?rule out if 
only 1 affected 
family member



Trend: p<0.001
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Trend p<0.001

Lipoprotein (a) as a quantitative 
CVD risk factor.

Trend p<0.001

Kamstrup et al, JAMA
2009;301:2331-39



Lipoprotein (a) as CVD risk factor 
treatment target. Ference et al. EAS 2018 

Greatest benefit in patients with higher levels –
Best defined in absolute terms? 
Needs approximately 100mg/dl reduction to decrease CVD risk by 20%?



HRT: Danik et al 2008 
JACC 52:124-131
(based on level)

Lipoprotein (a) and CVD as pharmaco-
genomic gene-environment interaction

Aspirin: 
Chasman et al 2009 

Atherosclerosis 203:371-6
(based on rs3798220 

polymorphism)



“Double jeapordy” 
Two contributing genetic risk factors, but 

immense complexity regarding their interaction

• Charles Sing (Aarhus, Denmark 2000): 

• “The  comprehensive study of gene-gene and 
gene-environment interactions required quantum 
mechanics rather than clinical statistics.”



Summary

• Familial hypercholesterolaemia is a dominantly 
inherited disorder that halves LDL receptor clearance 
and doubles LDL concentration. 

• LDL receptors also influence synthesis of LDL via IDL 
which in turn may influence synthesis of Lipoprotein 
(a), an independent CVD risk factor. 

• Lipoprotein (a) is partly composed of LDL, so FH may 
influence its catabolism (less likely).

• CVD risk in FH exceeds that associated with polygenic 
hypercholesterolaemia of the same degree.

• Both LDL & Lp(a) are likely to increase CVD risk in FH


