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Abstract
Purpose of Review Familial hypercholesterolemia is a high cardiovascular risk disorder. We will review the role of 
lipoprotein(a) in cardiovascular risk and in aortic valve stenosis in familial hypercholesterolemia, as well as its association 
with their phenotype, and strategies to identify this high-risk population.
Recent Findings Patients with familial hypercholesterolemia have higher lipoprotein(a) levels mainly due to an increased 
frequency of LPA variants, and the cardiovascular risk is increased twofolds when both conditions coexist. Also, an increased 
risk for aortic valve stenosis and valve replacement has been observed with high lipoprotein(a) levels. Assessment of 
lipoprotein(a) during the cascade screening for familial hypercholesterolemia is a good opportunity to identify this high-risk 
population.
Summary High cardiovascular risk in familial hypercholesterolemia is increased even more when lipoprotein(a) is also 
elevated. Measurement of lipoprotein(a) in these patients is crucial to identify those subjects who need to intensify LDL-
cholesterol reduction pending availability of lipoprotein(a)-specific treatments.

Keywords Familial hypercholesterolemia · Lipoprotein(a) · Atherosclerotic cardiovascular risk · Aortic valve stenosis · 
Cascade screening

Introduction

Familial hypercholesterolemia (FH) and high lipoprotein(a) 
[Lp(a)] are two prevalent genetic disorders associated with 
premature atherosclerotic cardiovascular disease (ASCVD). 
Individuals with FH have high low-density lipoprotein cho-
lesterol (LDL-C) levels since birth, usually over 190 mg/dL, 
leading to a high ASCVD risk at early ages. The disorder 

is caused by mutations in genes related to the clearance of 
LDL particles, principally LDLR gene, and less frequently 
by mutations in apolipoprotein B (APOB), and proprotein 
convertase subtilisin/kexin type 9 (PCSK9) genes. It is inher-
ited as an autosomal dominant pattern; therefore, the chance 
of transmitting to children is 50% [1•]. The prevalence of the 
heterozygous FH is approximately 1 case in 250 individuals 
of the general population. On the other hand, homozygous 
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FH (HoFH) is a rare condition affecting approximately 1 in 
300,000 individuals in the population. In this very severe 
condition, ASCVD and the compromise of the aortic valve 
can be evident during the first decade of life. A high vari-
ability in FH phenotype, especially in LDL-C levels, age of 
onset, and type of cardiovascular disease, has been described 
in different series of FH patients explained in part by the 
type of mutation and the presence of other cardiovascular 
risk factors [2–5].

In the last decades, high Lp(a) concentrations, found in 
10 to 20% of the general population, have been long linked 
to an increased risk of ASCVD and calcific aortic valve dis-
ease in the general population and in FH patients, and also, 
it has been shown that it can influence in the FH pheno-
types in some patients [6–8, 9••, 10]. Although FH and ele-
vated Lp(a) are both inherited disorders associated with an 
increased risk of ASCVD, they have distinct genetic bases.

Patients with FH are considered to have high or very high 
CV risk because of their high LDL-C levels, and depending 
on the presence of another CV risk factor or the occurrence 
of ASCVD (11). In this sense, a patient with FH and high 
Lp(a) is a special and unique situation in which two genetic 
risk factors, LDL-C and Lp(a), are independently associated 
with a high lifetime ASCVD burden and premature coronary 
artery disease. Reducing LDL-C in FH patients with high 
Lp(a) does not reduce the risk associated to Lp(a) [7].

The objective of this review is to analyze the relationship 
between FH and Lp(a) levels, the contribution of Lp(a) in 
ASCVD risk in this population, and the association of Lp(a) 
with FH phenotype.

Cardiovascular Risk in Familial 
Hypercholesterolemia

In earlier studies in the pre-statin era, the cumulative risk of 
fatal and non-fatal coronary events by age 60 years was 50% 
in men and 30% in women, if they were not treated [12]. Fur-
ther and later studies from different populations confirmed the 
high risk of fatal and non-fatal premature ASCVD in FH [13, 
14]. In the SAFEHEART study, the prevalence of ASCVD 
was threefold higher in molecularly confirmed FH patients 
compared with their unaffected relatives, showing significant 
differences in the coronary (11.8% in FH vs. 3.6% in non-FH) 
and peripheral arteries (3.6% in FH vs. 0.2% in non-FH) clini-
cal manifestations [5]. Other studies, with different inclusion 
criteria and methodology, like the CASCADE-FH registry in 
the USA or the analysis of the Copenhagen General Population 
Study, showed a higher prevalence and risk of CAD [4, 15]. 
Khera et al. showed that for any observed LDL-C level, indi-
viduals with molecularly defined FH have four times increased 
risk for CAD compared with those individuals without muta-
tion [16]. The reduction in CV risk observed in the follow-up 

of patients recruited in the Simon Broome registry in the UK 
and the Dutch cohort can be explained in part by the use of 
more effective drugs such as statins [17, 18].

Lipoprotein(a)

Lipoprotein(a) [Lp(a)] is a low-density lipoprotein-like par-
ticle containing ApoB that is covalently bound with a highly 
polymorphic glycoprotein, apolipoprotein(a) [Apo(a)]. Plasma 
levels of Lp(a) are principally determined by the LPA gene 
that encodes apo(a) and affects its production [6]. This apoli-
poprotein consists of two kringle domains, IV (KIV) with 10 
subtypes and V (KV), and an inactive protease domain. The 
kringle IV type 2 (KIV2) is the unique that expands from 1 to 
more than 40 copies, and the number of these repeats deter-
mines the isoform size of apolipoprotein(a) and plasma levels 
of Lp(a) in an inverse relationship manner. The number of 
kringle 4 repeats in the apo(a) gene accounted for almost 70 
to 90% of the variation in Lp(a) levels [19]. Lp(a) levels are 
highly skewed toward low levels, with a high inter-individual 
and ethnic, ranging from < 0.1 mg/dL to more than 200 mg/dL 
[6]. No consensus has been reached about the threshold value 
to define elevated levels of Lp(a). Some guidelines consider 
Lp(a) > 30 mg/dL as a risk factor, a threshold where the risk 
started to rise [20]. An alternative threshold value of 50 mg/
dL, corresponding to the 80 percentile of the Danish popula-
tion was proposed by the European Atherosclerosis Society as 
an optimal value, meaning that there are 20% of the general 
population with Lp(a) levels over 50 mg/dL (125 nmol/L) [6].

Epidemiological and genetic studies have shown that 
high plasma Lp(a) levels increase the risk of myocardial 
infarction, stroke, peripheral arterial disease, and calcified 
aortic valve disease (CAVD) [6]. Many mechanisms by 
which Lp(a) may increase the risk of atherosclerosis, throm-
bosis, and aortic valve calcification have been described. 
The pro-atherogenic effect is similar to that described to 
LDL-C resulting in cholesterol deposition in the intima, 
endothelial dysfunction, and promotion of an inflammatory 
response. The prothrombotic effects are related to the struc-
tural homology of apo(a) with plasminogen and plasmin. For 
CVAD, the proposed and identified mechanisms include the 
deposition of oxidized phospholipids transported by Lp(a) 
and delivery of autotaxin to aortic valve tissue that can pro-
mote inflammation and calcification [21].

Lipoprotein(a) Levels in Familial 
Hypercholesterolemia

Patients with FH have shown to have elevated plasma levels 
of Lp(a); however, the mechanisms involved and the role of 
LDL-R in the clearance of Lp(a) are still a matter of debate 
and controversy [7, 22, 23].
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Earlier studies in patients with a clinical diagnosis of FH 
showed that patients with FH had threefold higher Lp(a) 
levels compared with a random general population and that 
this difference was not related to apo(a) phenotype frequen-
cies, suggesting a possible role of LDLR in the catabolism of 
Lp(a) [22]. Also, Kraft et al. reported that homozygous FH 
patients had twofold higher Lp(a) levels than heterozygous 
FH, and the latter had also significantly higher Lp(a) levels 
compared with non-FH subjects [23]. This increase in Lp(a) 
levels was not explained by differences in apo(a) allele fre-
quencies, excluding the effect of different apo(a) isoforms; 
moreover, the results showed a significant gene-dosage 
effect. This study pointed to a possible role of LDL-R in 
the clearance of Lp(a) from the circulation [23]. In a cross-
sectional analysis of the SAFEHEART study including 1960 
FH patients, and 957 unaffected relatives, median Lp(a) 
levels and percentage of cases with Lp(a) > 50 mg/dL was 
higher in FH patients, compared with their unaffected rela-
tives (23.6 mg/dL vs. 21.9 mg/dL, and 29.3% vs. 22.2%, 
p < 0.0001, respectively). In addition, a nonsignificant trend 
toward higher Lp(a) levels in patients carrying null muta-
tions compared with those carrying defective mutations was 
observed [7]. Later studies have shown that patients with a 
clinical diagnosis of FH have greater Lp(a) levels compared 
with the general population, as well as compared with non-
FH hypercholesterolemic subjects; however, no differences 
in Lp(a) levels were observed among patients with or with-
out a pathogenic variant in LDLR or other related genes 
[24–26].

Elevated Lipoprotein(a) and Clinical 
Diagnosis of Familial Hypercholesterolemia

Lipoprotein(a) contains approximately 30 to 45% cholesterol 
in each molecule, and in individuals with Lp(a) > 50 mg/
dL, the Friedewald formula used to estimate LDL-C levels 
can overestimate levels by 20 to 40% in those with very 
high Lp(a) levels [27, 28]. This is important in FH since 
patients are usually diagnosed based on LDL-C levels above 
a threshold. Therefore, high Lp(a) levels can contribute not 
only to the high risk in FH, but also be the cause of the FH 
phenotype. Langsted et al. determined that almost 25% of 
individuals registered in the Copenhagen General Popula-
tion Study (CGPS) with a clinical diagnosis of FH using 
different modified clinical criteria was due to high Lp(a) 
levels. Besides, after adjusting LDL-C for Lp(a) cholesterol 
content (30 to 45%), no differences in Lp(a) concentration 
were observed between individuals with or without the clini-
cal diagnosis, and also in the few cases in whom a causative 
mutation was found in LDLR and/or APOB genes [10].

Recently, Trinder et al. reported higher Lp(a) levels in 
clinically diagnosed FH patients from the British Columbia 

Familial Hypercholesterolemia cohort compared to the gen-
eral population and to patients with non-FH dyslipidemia 
[25]. In addition, no differences were observed in Lp(a) 
levels between individuals carrying a pathogenic variant in 
LDLR or APOB genes and those non-carriers. In this cohort, 
the elevated levels of Lp(a) were mostly explained by an 
increased frequency of the rs10455872-G LPS risk allele. 
As in the Langsted study, when LDL-C levels were adjusted 
for Lp(a) cholesterol content, the likelihood of a clinical 
diagnosis of FH was reduced by 16% [25].

Lipoprotein(a) and Atherosclerosis 
Cardiovascular Disease in Familial 
Hypercholesterolemia

The consequence of lifelong exposure to high LDL-C levels 
in FH is the early development of ASCVD that is enhanced 
with the concomitant high Lp(a). It is of importance that 
patients with FH have significantly higher Lp(a) levels espe-
cially those with ASCVD, and also higher levels of Lp(a) 
are more prevalent in FH than in the general population or 
their unaffected relatives (Table 1) [7, 10, 26, 29]. In a large 
retrospective multi-center study in the Netherlands, Jansen 
et al. analyzed 2400 individuals with strict clinical diagnosis 
or genetic diagnosis (50%) and found that Lp(a) > 30 mg/
dL was an independent predictor of cardiovascular disease 
[29]. In addition, high Lp(a) worsened the prognosis from 
age 30 years. In a cross-sectional study in Norway, Nense-
ter et al. classified 112 patients with a genetic diagnosis of 
FH, in susceptible or resistant to coronary heart disease 
(CHD) according to the age of onset of CHD. They found 
that Lp(a) levels were significantly higher in the CHD-
susceptible group (median values: 67.1 mg/dL vs. 24.4 mg/
dL, p < 0.001, respectively) that was evident in females. In 
the CHD-susceptible women group, 42% had Lp(a) lev-
els > 100 mg/dL vs. 0% in the CHD-resistant woman group 
that had mostly levels < 30 mg/dL [30].

Later, our group with data of the SAFEHEART study 
showed that Lp(a) levels and percent of individuals with 
Lp(a) levels > 50 mg/dL were significantly higher in FH 
patients with ASCVD than patients without ASCVD 
(43.4  mg/dL vs. 21.3  mg/dL, and 46.2% vs.26.9%, 
p < 0.00001, respectively). In the multivariable analysis, 
Lp(a) was an independent predictor of CVD and although 
this effect was independent of the type of mutation, those 
patients with severe mutations and high Lp(a) have the high-
est CVD risk [7].

In the CGPS study, a higher cumulative incidence of 
myocardial infarction was observed in those patients with 
a clinical diagnosis of FH and Lp(a) > 50 mg/dL or KIV-2 
repeat numbers above 20% and was similar for all clinical 
criteria used (10). Finally, a recent meta-analysis including 
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8 studies with 8378 participants and 1458 CV outcomes 
revealed that high Lp(a) levels are positively associated with 
CVD compared to low Lp(a) levels [31].

Two different scores have been developed to predict fatal 
and non-fatal CV events in different FH populations, and 
in both, Lp(a) contribute independently to the development 
of incidental ASCVD events [32, 33]. In the SAFEHEART 
study, the analysis of 2404 genetically confirmed FH sub-
jects ≥ 18 years in primary (87%) or secondary prevention 
(13%) followed up for a mean of 5.5 years permitted the 
development of an accurate risk-equation (SAFEHEART-
RE) to predict 5-year and 10-year risk of incidental ASCVD. 
Along with other 7 clinical variables, Lp(a) levels > 50 mg/
dL were an independent predictor [32]. Recently, the analy-
sis of 3881 patients from 5 different registries, with a clinical 
diagnosis of FH (74% genetically confirmed) and in primary 
prevention, showed that Lp(a) is together with other 5 clini-
cal variables an independent predictor of 10-year ASCVD 
risk [33].

The role of Lp(a) in the risk of ASCVD in older FH indi-
viduals has been demonstrated recently in another analysis 
of the SAFEHEART study [34]. From 5262 FH patients, 930 
individuals were 65 years old or older or would have had this 
age if a cardiovascular fatal event had not occurred. Those 
individuals without ASCVD were classified as Resilient FH 
(R-FH, 579), and the other 351 were considered non-R-FH. 
Median follow-up was 8.4 years, and the mean age at the end 
of follow-up was almost 74 years old. Median Lp(a) levels 
in R-FH patients were significantly lower than in non-R-FH 
patients and among other clinical variables including SAFE-
HEART-RE. Lower Lp(a) levels were also an independent 
predictor related to resilient FH [34].

Cascade Screening for Lp(a) in FH Patients

Due to the additive high CV risk in patients with FH and 
high Lp(a), identification of these subjects should be a 
priority. Therefore, a good option is to take advantage of 
determining Lp(a) levels while conducting a cascade screen-
ing from an index case with FH [26, 35]. Ellis et al. evalu-
ated the effectiveness of Lp(a) cascade screening and the 
association between elevated Lp(a) and incidental ASCVD 
events in the SAFEHEART study (26). The authors showed 
that testing for elevated Lp(a) during cascade screening for 
FH is highly effective in identifying new cases with high 
Lp(a). Thirty percent of relatives of probands with geneti-
cally defined FH and high Lp(a) inherited both conditions. 
Moreover, screening for elevated Lp(a) in relatives using this 
systematic approach (index case with both conditions) has 
a higher yield of detection than an opportunistic approach 
(index case with FH but not high Lp(a) levels). One new 
case of high Lp(a) was detected every 2.4 individuals using 

the systematic cascade screening approach compared to 1 
case in 5.8 individuals using the opportunistic approach. 
Similarly, the yield of detection of both conditions was 
higher with the systematic approach (1 in 3.4 individuals) 
[26]. The detection of these cases with high Lp(a) is impor-
tant because these individuals are at high risk, especially if 
they also have FH. In this study, patients with FH and high 
Lp(a) had the greatest ASCVD risk (H.R: 4.40, p < 0.001) 
compared to each condition alone (Fig. 1). A recent publica-
tion from Australia, using a similar systematic approach in a 
small population, showed similar results [35].

Lipoprotein(a) and Aortic Valve Damage 
in FH

High LDL-C concentration has been associated with aortic 
valve stenosis (AVS) in observational studies [36]; however, 
randomized clinical trials with high-intensity lipid-lowering 
therapy have failed to demonstrate the benefit of lowering 
LDL-C on the progression of the disease [37, 38]. On the 
other hand, Mendelian randomization studies have demon-
strated that genetic elevation in LDL-C, as determined by 
a genetic risk score, is associated with both the presence of 
aortic valve calcium and incident aortic stenosis, suggest-
ing a causal association between LDL-C and aortic valve 
disease [39]. In addition, Mendelian randomization stud-
ies also showed the association between genetic variations 
in LPA locus, mediated by Lp(a) levels with aortic valve 
calcification, and with incident clinical aortic stenosis [40]. 
Lp(a) is the principal carrier of oxidized phospholipids and 
may contribute to the deposition and accumulation of these 
phospholipids in the aortic valve promoting inflammation 
and calcification [41, 42]. The development of AVS is a fre-
quent complication in homozygous FH patients, especially 
in children and in those patients carrying more severe null 
mutations [43, 44]. Few studies have analyzed the impact 
of heterozygous FH in aortic valve disease and the role of 
Lp(a) in this population. Ten Kate et al. have demonstrated 
a higher prevalence and extent of aortic valve calcification 
assessed by cardiac computed tomography in 145 asympto-
matic heterozygous FH patients when compared with non-
related control individuals [45]. In this study, Lp(a) levels 
were not available. Two larger prospective studies have given 
more information about the risk of AVS in FH patients [9••, 
46]. Mundal et al. reported an increased risk of AVS and 
aortic valve replacement (AVR) (mean age, 65 years) in 
genetically defined FH patients in Norway compared with 
the general population [46]. As in the Ten Kate study, Lp(a) 
levels were not available in this study. In recently published 
data from the SAFEHEART study, a 5.71-fold increase in 
the need for AVR was observed in FH patients compared 
with their non-affected relatives after a mean follow-up of 
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7.5 years [9••]. In addition, the incidence rate of AVR was 
4.36 times higher in patients with FH, and the average inci-
dence of AVR in patients with FH was 1.7 cases for 1000 
patients-year compared with a corresponding incidence of 
7.7-fold for ASCVD [47]. Patients requiring valve replace-
ment had higher median Lp(a) levels compared with those 
who did not require (58.5 vs. 23.6 mg/dL, respectively, 
p < 0.001). In multivariable analysis, independent predic-
tors for AVR were age, history of ASCVD, hypertension, 
elevated Lp(a) levels, and sustained elevation in LDL-C 
levels determined as LDL-cholesterol year score corrected 
for Lp(a)  cholesterol9. These results suggest an integrated 
management of LDL-C, hypertension, and if possible Lp(a) 
to retard the progression of AS in FH; however, this needs 
to be tested in a clinical trial.

Therapeutic Approach in FH Patients 
with High Lp(a)

Current management of FH is combined treatment with 
high-intensity statins, ezetimibe, and PCSK9 inhibitors 
(PCSK9i). There is enough evidence about the effective-
ness and safety of these therapies in the FH population. 
Recent ESC/EAS guidelines classified FH patients with 
ASCVD or with at least one major risk factor as very high 
risk and those without major CV risk factors as high risk 
(11). In the first case, a reduction ≥ 50% in LDL-C levels 
and an LDL-C goal < 55 mg/dL should be considered; in 
the high-risk group, a reduction ≥ 50% in LDL-C levels 
and an LDL-C goal < 70 mg/dL are recommended. These 
more stricter goals are more difficult to achieve with statins 

and ezetimibe; however, the incorporation of PCSK9i has 
improved significantly the achievement of these goals [48].

On the other hand, the management of patients with ele-
vated Lp(a) is a therapeutic challenge. PCSK9 inhibitors 
may moderately decrease Lp (a) levels, but intensive reduc-
tions in Lp(a) levels have been achieved with specific apo(a) 
antisense therapy that targets hepatic apo(a) mRNA and 
reduces Lp(a) concentrations in patients with and without 
established cardiovascular disease, at least in shorter-term 
follow-up [49••]. While we await the outcomes of the selec-
tive Lp(a) lowering therapies to assess the potential clinical 
benefit, we must strictly control LDL-C levels and other risk 
factors in subjects with FH and high Lp (a) levels.

Conclusions

Familial hypercholesterolemia and high Lp(a) are two preva-
lent genetic disorders associated with premature ASCVD. 
The association of FH and high Lp(a) levels is frequent and 
increases the ASCVD risk up to twofold compared to FH 
alone. Therefore, the detection of these cases with high 
Lp(a) is crucial because these individuals are at high risk. 
Detecting FH early and decreasing LDL-C levels are the two 
pillars for effective ASCVD prevention in FH. Combination 
treatment, including emerging therapies, may lower ASCVD 
risk in patients with FH. While we await the outcomes of the 
new anti-Lp(a) trials to assess the potential clinical benefit 
of lowering Lp(a) levels, we must strictly control LDL-C 
levels and other risk factors in subjects with FH and high 
Lp(a) levels.

Fig. 1  Kaplan–Meier survival 
analysis in screened relatives 
according to their condition: 
FH, elevated Lp(a), both condi-
tions or neither (reprinted from 
Ellis K, et al. J Am Coll Cardiol 
2019; 73:1029–1039, with per-
mission from Elsevier) [26]
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The implementation of the search and measure of Lp(a) 
levels in individuals with FH is mandatory and, like Sher-
lock Holmes deductive reasoning, does apply not only to the 
scene and partners in crime, but also to the medical fields. 
Indeed, an ideal detective and an ideal clinician share the 
same qualities: observation, deduction, and knowledge.
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