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“...genetic studies have succeeded in demonstrating that lipoprotein(a) is not just a biomarker of increased risk 
of IHD but a causal factor.”
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Lipoprotein(a) should be taken much more seriously

Lipoprotein(a) was first discovered in 1963 by 
Kaare Berg [1] and since the first study demon­
strating an association with ischemic heart disease, 
it has been the subject of numerous epidemiologic, 
animal and in vitro studies [2]. Lipoprotein(a) con­
sists of what is essentially a cholesterol-containing 
low-density lipoprotein particle covalently bound 
to a glycoprotein, Apo(a) [2]. Apo(a) is structurally 
very similar to plasminogen and has been shown 
to interfere with the activation and function of 
plasmin-inhibiting fibrinolysis. The structure 
of lipoprotein(a) suggests that it may be able to 
directly contribute to the development of athero­
sclerosis and thrombosis and, thus, to ischemic 
heart disease (IHD) and myocardial infarction 
(MI). Data from in vitro [3] as well as animal stud­
ies [4] support this hypothesis, and has implicated 
lipoprotein(a) in foam-cell formation, smooth 
muscle cell proliferation and plaque inflamma­
tion and instability [3–5]. Recently, lipoprotein(a) 
has also been shown to carry oxidized phospho­
lipids [6] implicated in coronary artery disease [7]. 
Furthermore, the presence of lipoprotein(a) in 
atherosclerotic plaques but not in normal human 
arteries has been demonstrated [3,4,8]. 

Epidemiologic studies of the 
association of lipoprotein(a) with risk 
of ischemic heart disease
Early cross-sectional studies very consistently 
demonstrated an association of elevated levels 
of lipoprotein(a) levels with risk of IHD [2]. 
However, initial results from subsequent prospec­
tive studies were inconsistent [9,10], most likely 
owing to the use of long-term frozen samples and 
lipoprotein(a) assays subject to bias. At present, 
although, convincing evidence from later pro­
spective studies and meta-analyses has accumu­
lated over the years, demonstrating a clear asso­
ciation of elevated levels of lipoprotein(a) with 
increased risk of IHD and MI [11–13]. Evidence 
from recent prospective studies indicates that, in 
particular, extreme levels of lipoprotein(a) are 

associated with a markedly increased risk of IHD 
[14–16]. In the Copenhagen City Heart Study, a 
large prospective study of the general population, 
individuals with levels above the 90th or 95th 
percentiles of the lipoprotein(a) concentration 
distribution have a two- to three-fold increased 
risk of MI compared with individuals with low 
levels [16]. However, observational epidemiologic 
studies, no matter how well designed, cannot 
provide definite evidence of causal associations. 

Genetic epidemiologic studies  
& causality
Evidence of causality in the medical field is most 
convincingly provided by randomized, control­
led trials. However, at present, no such trial of the 
effect of lowering levels of lipoprotein(a) on risk 
of IHD or MI has been conducted. The current 
lack of a specific and effective lipoprotein(a)-
lowering agent has probably impeded the 
conduct of any such trials. 

“The structure of lipoprotein(a) suggests 
that it may be able to directly contribute  

to the development of atherosclerosis  
and thrombosis...”

Lacking evidence from randomized, control­
led trials, genetic studies designed as so-called 
Mendelian randomization trials can be used to 
provide evidence of causality [17–19]. The term 
Mendelian randomization refers to the random 
assortment of genes from parents to offspring at 
the time of conception. In genetic-association 
studies, groups of individuals defined by their dif­
ferent genotypes are compared, and the laws of 
Mendelian genetics make such studies comparable 
to randomized clinical trials, where the randomi­
zation process probably leads to a similar distribu­
tions of known and unknown confounders in con­
trol and intervention groups. Thus, associations 
of genotype with risk of disease are, generally 
speaking, unconfounded and, therefore, may be 
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used to assess causality. Put simply, in a Mendelian 
randomization study, association of elevated levels 
of lipoprotein(a), as well as association of genetic 
variation raising levels of lipoprotein(a), with risk 
of IHD would suggest causality. 

Lipoprotein(a) levels are predominantly 
genetically determined and not greatly influ­
enced by lifestyle factors and may vary up to 
a 1000‑fold between individuals [2]. The fact 
that levels are primarily genetically determined 
makes lipoprotein(a) an attractive target for a 
Mendelian randomization study. The LPA gene 
on chromosome 6 codes for the Apo(a) moiety 
of lipoprotein(a) [2]. Variation in this gene has a 
profound effect on plasma levels of lipoprotein(a). 
Of particular importance is the so-called krin­
gle  IV type  2 (KIV‑2) size polymorphism or 
copy-number variant defined by a 5.6‑kb large 
sequence that may occur between two‑ and more 
than 40‑times per allele, dependent on the specific 
genotype. This polymorphism determines the size 
of the expressed Apo(a) protein [2] and explains 
at least 25% of the total variation in plasma con­
centration of lipoprotein(a) in the general popula­
tion [16]; this is a huge fraction explained by a sin­
gle copy-number variant and makes this variant 
ideal for testing causality between lipoprotein(a) 
levels and risk of IHD and MI. 

We recently demonstrated in three independ­
ent studies, including two general population 
studies (the Copenhagen City Heart Study and 
the Copenhagen General Population Study), and 
including a total of more than 40,000 individu­
als, that the lipoprotein(a) KIV‑2 size polymor­
phism is unequivocally associated with risk of 
MI [16]. This observation is supported by data 
from former smaller case–control studies of the 
KIV‑2 size polymorphism [20–22]. The previously 
demonstrated association of elevated levels of 
lipoprotein(a) with risk of MI, and the associa­
tion of the KIV‑2 size polymorphism with plasma 
levels of lipoprotein(a), were also confirmed in 
our studies [16]. Thus, according to the principles 
of Mendelian randomization studies, elevated lev­
els of lipoprotein(a) are causally associated with 
risk of MI. This observation makes lipoprotein(a) 
a potential target for prophylactic interventions 
directed at lowering levels of lipoprotein(a) to 
reduce risk of MI.

Future perspective
Genetic studies of polymorphisms influencing lev­
els of lipoprotein(a) and risk of IHD have provided 
a strong argument for a causal association of ele­
vated levels of lipoprotein(a) with increased risk of 
IHD [16,22,23]. However, final proof of causality in 

the form of randomized, controlled trials demon­
strating that lowering of lipoprotein(a) levels 
leads to decreased risk of IHD are presently lack­
ing. High doses of nicotinic acid are known to 
reduce levels of lipoprotein(a) [24]. Unfortunately 
nicotinic acid at high doses is not well toler­
ated, and also may not be effective enough in 
lowering levels of lipoprotein(a). Furthermore, 
a randomized, controlled trial of the effect of 
lowering lipoprotein(a) levels by nicotinic acid 
on risk of IHD would also not be easily inter­
preted as nicotinic acid has pleiotropic effects on 
the lipid profile.

“Despite numerous past studies there are 
still unknowns, such as the exact mechanism 

of how lipoprotein(a) causes MI...”

In summary, genetic studies have succeeded 
in demonstrating that lipoprotein(a) is not just a 
biomarker of increased risk of IHD but a causal 
factor. In addition, the recent large meta-analysis 
of individual data from 126,634  participants 
from 36 prospective studies demonstrates the 
robustness of the association between elevated lev­
els of lipoprotein(a) and increased risk of cardio­
vascular disease [13]. Together, this warrants that 
lipoprotein(a) should be taken much more seri­
ously in the future, for cardiovascular risk exami­
nation and potentially as a target for drug therapy. 
Therefore, it is our hope that renewed interest in 
lipoprotein(a) may be spurred. Despite numer­
ous past studies there are still unknowns, such 
as the exact mechanism of how lipoprotein(a) 
causes MI, is it primarily via increased athero­
sclerosis or increased thrombosis or a combination 
of both? Furthermore, the site and mechanism 
of lipoprotein(a) degradation and/or excretion 
in humans is not known. Finally, we need ran­
domized, controlled trials to explore the ben­
efits of lowering levels of lipoprotein(a) and, 
that again, requires the development of suitable 
lipoprotein(a)-lowering drugs. 
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