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Abstract: Lipid metabolism alterations are an important component of the pathogenesis of atheroscle-
rosis. However, it is now clear that the atherogenesis process involves more than one mechanism,
and more than one condition can predispose this condition. Multiple risk factors contribute to the
atherosclerosis initiation and define its course. Familial hypercholesterolaemia is a disorder of lipid
metabolism that often leads to atherosclerosis development. As is clear from the disease name, the
hallmark is the increased levels of low-density lipoprotein cholesterol (LDL-C) in blood. This creates
favourable conditions for atherogenesis. In this review, we briefly described the familial hyperc-
holesterolaemia and summarized data on the relationship between familial hypercholesterolaemia
and atherosclerosis.
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1. Introduction

Being an autosomal co-dominant disorder, familial hypercholesterolaemia (FH) is
characterized by increased levels of low-density lipoprotein cholesterol (LDL-C) in the
blood. This condition leads to a 3-13 times higher chance of premature atherosclerosis
development compared to people with normal LDL cholesterol levels [1]. Two forms
of the disorder have been recognized. The heterozygous form is characterized by the
presence of one mutation in low-density lipoprotein receptor [LDLR] and apolipoprotein B
[APOB] genes and gain-of-function mutations in the proprotein convertase subtilisin/kexin
type 9 [PCSK9] gene), and the presence of two mutated alleles is responsible for a more
severe homozygous FH (HoFH) phenotype. The heterozygous form is diagnosed based on
two to three times higher LDL-C concentrations in blood compared to normal, while the
corresponding rate for homozygous hypercholesterolaemia can be up to ten times higher.
Although, in some regions, founder effects can affect the statistics; on average, between
0.17% to 0.5% of people suffer from a heterozygous form of the disease. Research shows
that homozygous hypercholesterolaemia, which was said to affect 0.001% of the population,
turns out to be around three times more common [2].

The risk for atherosclerotic cardiovascular disease (ACD) is greatest among patients
with the homozygous form of the disorder. However, recent research based on molecular
diagnosis shows that, in some cases, the LDL-C concentrations for some of the individuals
with the heterozygous mutation are higher than for those with the homozygous form [3].
This means that the risk of ACD for these patients is also very high; and vice versa: some
individuals with a molecularly diagnosed homozygous form of the disorder demonstrate

Biomedicines 2022, 10, 2639. https:/ /doi.org/10.3390 /biomedicines10102639

https:/ /www.mdpi.com/journal /biomedicines


https://doi.org/10.3390/biomedicines10102639
https://doi.org/10.3390/biomedicines10102639
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com
https://orcid.org/0000-0002-1516-1320
https://orcid.org/0000-0001-5231-6910
https://orcid.org/0000-0002-7225-3379
https://orcid.org/0000-0002-3318-4681
https://doi.org/10.3390/biomedicines10102639
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com/article/10.3390/biomedicines10102639?type=check_update&version=2

Biomedicines 2022, 10, 2639

20f12

lower LDL-C levels (>5-10 mmol/L [>190-400 mg/dL]), initially associated with the
heterozygous form [4].

The phenotypic heterogeneity can be explained by the fact that the LDL-C concentra-
tions depend on both the rare, large-effect monogenic variants and common, small-effect
gene variants, which makes the classification even more complex [5]. Since the main
predisposing factor for the development of early atherosclerotic hypercholesterolaemia is
the LDL-C concentrations rather than the molecularly diagnosed genotypic form of the
disorder, the best medical practice requires defining the severe phenotype of the disorder
to identify individuals at the highest risk for atherosclerotic hypercholesterolaemia across
patient groups with both homozygous and heterozygous forms [6].

The risk for ACD is greatest among the following groups: patients with familial hy-
percholesterolaemia and previous symptoms of ACD, individuals suffering from advanced
subclinical atherosclerosis, and patients with LDL-C levels over 8 mmol/L (310 mg/dL) [7].
Identifying such cases is important for choosing a more cost-effective treatment. In some
cases, standard easily available lipid-lowering statins and ezetimibe can be effective. If
the patient has persistent raised LDL-C concentrations despite the treatment and thus is
deemed at higher risk for ACD, more efficacious but more expensive treatment with newer
drugs can be considered, for example, mipomersen, lomitapide, and PCSK9 inhibitors, of
which the latter turns out to be the most cost-efficient [8].

We already know that higher ACD risk arises from chronic exposure to raised LDL-C in
the blood. Since LDL-C concentrations, which directly result in a higher risk for ACD, vary
across the previously classified forms—non-mutated, heterozygous, or homozygous—this
categorization does not reflect the actual risk of atherosclerosis for the patients. Considering
the availability of modern and more efficient cholesterol-lowering drugs and insufficient
evidence based on the genetic heterogeneity of the disorder specifically, the International
Atherosclerosis Society convened an expert panel to form consensual treatment recommen-
dations for patients at the highest risk for ACD [9].

2. The Pathophysiology of Familial Hypercholesterolemia

FH is an autosomal co-dominant inherited condition caused by an alteration in genes
encoding the LDL receptor (LDLR), apolipoprotein B (APOB), and proprotein convertase
subtilisin/kexin type 9 (PCSK9). The most common is the mutation in the LDLR gene on
chromosome 19 [10]. Over a thousand mutation types have been identified so far. Clinical
expression and the LDLRs activity levels allow for a two-type classification of the cases: the
“receptor-negative” (<2% LDLR activity compared to normal) and the “receptor-defective”
(2-25% LDLR activity). There is an inverse correlation between LDLR activity and LDL-C
concentrations, which means that lower activity of LDLRs results in reduced LDL-C up-
take [11]. This leads to three to six times higher LDL-C concentrations in patients with
homozygous FH compared to normal, with total cholesterol levels at >500 mg/dL. Individ-
uals with heterozygotes inherited from only one of the parents, however, demonstrate only
two to three times higher LDL-C levels compared to normal. The LDL-C concentrations
may vary depending on the type of mutation and environmental factors (total cholesterol
at >300 mg/dL) [12].

3. Familial Hypercholesterolemia and Cardiovascular Disease

Individuals with homozygous familial hypercholesterolemia demonstrate cardiovas-
cular manifestation before the age of 10. The symptoms are very specific, including sudden
death. Individuals suffering from receptor-negative FH may die prematurely before the age
of 20 without proper treatment, while patients with the receptor-defective form develop
clinically significant CVD before they reach 30 [13]. The cholesterol concentrations and
the subjects’ clinical pattern depends on the patient’s genetics. The level of abnormality
in LDLR genes also affects the natural course considerably for heterozygous FH patients,
as well as various risk factors such as smoking, hypertension, and diabetes mellitus [14].
The risk of myocardial infarction before the age of sixty in unidentified FH patients is 60%
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higher in men and 30% higher in women [15]. In Figure 1, we schematically represent the
potential relationship between FH and atherosclerosis.

Familial Hypercholesterolemia

RS

Homozygous form Heterozygous form
3-6 xincreased LDL-C 2-3 xincreased LDL-C
Smoking ~--._____ Diabetes mellitus
Hypertension - Atherosclerosis T Obesity

Figure 1. The potential relationship between FH and atherosclerosis.

4. Genetic Variables in CV Risk in FH Population

There is much evidence proving the existence of an impact of various genetic pa-
rameters on the disease phenotype and CVD risk in the FH population. This applies to
genetic variants and SNPs in various genes, including those controlling LDL metabolism,
oxidative stress, lipoprotein metabolism, renin angiotensin aldosterone system, and other
processes [16]. Khera et al. have found that carriers of an identified FH-causing mutation
who suffer from severe hypercholesterolemia had an enhanced CVD risk in comparison
to severe hypercholesterolemia patients who did not carry the identified mutation. This
suggests that mutation status beyond LDL-C may influence CVD prognosis in the FH
population [17]. The influence of various FH-causing mutations on the disease severity and
CVD risk is not clear. Among carriers of LDLR mutations, the ones carrying LDLR-negative
mutations were found to be more vulnerable to premature atherosclerosis development
than patients with LDLR-defective mutations [2].

Telomere length in somatic cells is also an emerging genetic parameter that can help
predict more vulnerability for CVD and severe disease phenotype FH patients. However,
whether telomere length, as a biological index of accelerated cellular aging, may also
correlate with disease severity phenotype, risk of premature onset of CVD, life expectancy,
or mortality in HeFH patients has not been investigated [18]. Future studies should address
this issue to clarify whether this genetic parameter may be useful for CVD risk stratification
in the HeFH population.

5. LDL Cholesterol

Prospective observational studies, whole genome association studies, and Mendelian
randomization studies have shown that hypercholesterolaemia is an independent pre-
disposing factor for ACD [19,20]. Several clinical experiments, including surrogate inter-
ventional trials of lipid-lowering drugs—mainly statins—have reported a reduction in
clinically significant cardiovascular symptoms and mortality, which proves that hyperc-
holesterolaemia can be a cause of ACD [21].

Being exposed to extreme LDL cholesterol concentrations in blood, homozygous FH
patients are at 100 times higher risk for premature ACD compared to individuals with
normal LDL-C levels. These patients often demonstrate aortic or supra-aortic valve stenosis
as well as aortic atherosclerosis and atherosclerosis in coronary, carotid, and peripheral
arteries [22].

The pathogenic correlation between long-term exposure to increased LDL-cholesterol
concentrations and premature atherosclerosis in individuals with homozygous FH can
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be illustrated by the “cholesterol-year score”—a marker that evaluates the exposure to
high cholesterol over time [23]. Increased LDL-C concentrations result in worse clinical
courses, which applies to patients with both homo- and heterozygous forms of the disorder.
Untreated FH affects younger people in particular. Before the discovery of statins, adjusted
mortality rates for FH patients were 125 times higher for females and 48 times higher for
males between 20 and 29 years, compared with individuals with normal LDL-C levels [24].
In recent research, Do et al. performed exome sequencing in the protein-coding regions of
9793 genomes from individuals with early myocardial infarction and reported that LDLR
mutations were the cause in 2% of the cases [25]. In a similar study, Nanchen and colleagues
also found out that 5% (70 of 1451) of patients suffering from acute coronary syndrome
before the age of 60 had clinically diagnosed or probable FH [26].

Increased risk of premature mortality and early ACD is disapprovingly reported even
for statin-treated patients with homozygous FH [27]. Raal and co-workers evaluated the
occurrence of major ACV events in 149 homozygous FH patients from South Africa. After
the introduction of statins in South Africa in 1990, the number of such events decreased by
51% [28]. However, the age by which the subjects had had the first major vascular event was
only delayed from 12.8 years to 28.3 years on average. Nine of ten patients have suffered at
least one major vascular event by the age of 40 [29]. A report by Thompson and colleagues
shares the long-term outcomes of homozygous FH patients treated at the Hammersmith
Hospital in London, UK, over 50 years [30]. Individuals who died or survived during the
follow-up period were compared. The surviving patients were more frequently treated
with statins and apheresis. The care quality improved significantly throughout this period.
Even so, the occurrence of ACD cases was still high in survivors: 33% demonstrated aortic
stenosis, 14% required aortic valve replacement, and 37% suffered from coronary heart
disease. Both studies report very high total cholesterol levels even during the treatment
(13.1 mmol/L (505 mg/dL) in the patients from South Africa and 8.1 mmol/L (320 mg/dL)
in the UK cohort). The results of these studies prove that increased cholesterol level has
a causal role in ACD development in homozygous FH patients and the urgent need for
treatment in these individuals.

Greater ACD risk in many heterozygous FH patients can be explained by high LDL-C
concentrations that are refractory to cholesterol-lowering drugs. Pre-treatment LDL-C levels
above 8 mmol/L (310 mg/dL) can be a sign of a more severe heterozygous phenotype
independent of other traditionally recognized risk factors (diabetes mellitus, smoking,
hypertension, or a family history of premature ACD) [31]. However, these factors contribute
to increased total risk. In a Dutch study of FH patients, one in three thousand people, or
0.11 of the Dutch cohort with FH, demonstrated high LDL cholesterol concentrations. These
were associated with an odds ratio of 1.36 (95% CI 1.09-1.69) in the pre-treatment period,
compared with individuals with lower levels of LDL cholesterol [32]. LDL cholesterol levels
above 8 mmol/L (310 mg/dL) that are refractory to maximally tolerated statin treatment in
patients without earlier symptoms of atherosclerotic hypercholesterolaemia are suggested
to be an indication for reimbursement of apheresis (either selective lipoprotein apheresis or
plasmapheresis) [33].

When evaluating the severity of the FH phenotype, the subject’s age at treatment
initiation should be considered. Since the arterial walls have been long exposed to high
LDL cholesterol concentrations in patients who have received late treatment (for example,
after the age of 40), a greater risk of ACD occurs in such cases [34].

Most guidelines recommend that LDL cholesterol should be reduced by 50% in FH pa-
tients. Sometimes more specific absolute levels are mentioned, for example, concentrations
less than 2.5 mmol/L (100 mg/dL), or 1.8 mmol/L (70 mg/dL) in subjects with ACD [35].

A cross-sectional study involving 1249 Dutch patients with heterozygous FH re-
ported that only 261 (21%) of 904 (70%) subjects who received lipid-lowering treatment
aimed at reducing LDL-C levels by 50% reached LDL cholesterol levels below 2.5 mmol /L
(100 mg/dL) [36]. The SAFEHEART study involved 2170 patients with molecularly defined
heterozygous FH treated in Spain over 5 years on average—1562 (72%) subjects received
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maximum lipid-lowering statin treatment aimed to reduce LDL-C by at least 50%—alone
or in combination with ezetimibe [37]. Of these, only 247 (11%) participants attained
the target LDL-C level below 2.5 mmol/L (100 mg/dL). Among 277 patients with earlier
diagnosed ACD, only 13 (5%) reached an LDL-C level less than 1.8 mmol/L (70 mg/dL).
These findings confirm the huge deficit in controlling lipid concentrations in FH patients,
especially for the secondary prevention of ACD.

6. Currently Used Treatment Strategies for Familial Hypercholesterolemia

A number of major clinical studies of FH patients have been carried out.

6.1. Non-Pharmacological Treatment

Lifestyle correction is beneficial for all familial hypercholesterolaemia patients. Thus,
regular physical activity, smoking cessation, and eating habits correction can improve the
course of the disease.

Considering the paediatric population diet, correction should be started after two years
of age. A healthy diet rich in whole grains, fish, vegetables, and fruits is suggested. Data on
other dietary supplements, including omega-3 or dietary fibres, are scarce and inconclusive.

6.2. Lipoprotein Apheresis

Lipoprotein apheresis is a selective approach to the traditionally applied plasmaphere-
sis, which can be used as an addition to pharmacotherapy. However, it is expensive and
time-consuming. The single treatment was shown to lower the level of LDL-C by 55-70%,
and the long—term therapy can lead to xanthomas and plaque regression, which improves
the cardiovascular events prognosis. However, there are side effects, such as iron deficiency,
hypocalcaemia, abdominal pain, and hypotension. Due to the hypotension risk, the use
of lipoprotein apheresis should not be combined with any antihypertensive drugs. The
lipoprotein apheresis can be started from the age of 5 and no later than the age of 8 years.

6.3. Pharmacotherapy

The ASAP, “Atorvastatin vs. Simvastatin on Atherosclerosis Progression”—an inter-
ventional statin treatment trial—involved 325 FH patients [38]. The high-dose regimen
of atorvastatin 80 mg was compared with the conventional dose regimen of simvastatin
40 mg.

Among the simvastatin-treated subjects, increased carotid intima-media thickness
(CIMT) was reported, while the atorvastatin-treated subjects presented decreased CIMT.
The LDL-C levels were reduced by 50% in the atorvastatin-administered patients and by
40% in the simvastatin-administered group.

The Ezetimibe and Simvastatin in Hypercholesterolemia enhance atherosclerosis re-
gression (ENHANCE) study carried out in 2008 assessed the effect of a single simvastatin 80
mg regimen compared to combined treatment with both simvastatin 80 mg and ezetimibe
10 mg [39]. The trial involved 720 patients with FH. The simvastatin-administered group
showed a 41% reduction in LDL-C levels, while the corresponding result for the group
receiving combined treatment was 58%. The patients with a combination therapy also
revealed a 26% decrease in high sensitivity-C-reactive protein (CRP). Despite the anticipa-
tion, no difference in CIMT was noticed between the two groups. This led to doubts about
whether the CIMT is reasonable and the anti-atherosclerotic effect in interventional clinical
trials for FH patients.

Several factors should be considered when analysing and comparing the results of
the failed ENHANCE study and the successful ASAP study. We summarized the main
findings of these two trials in Table 1. In the first study, nearly 90% of the patients had
already been receiving statin treatment by the time they participated in the study, and
their average CIMT was unexpectedly 0.69, which is a normal level. The CIMT might have
already been stabilized by statin administration before the study. The average CIMT in
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ASAP study patients before the trial was 0.925, which explains a clearer reduction after
drug intervention.

Table 1. Simvastatin and atorvastatin comparison.

Compound Trial Effect References

. . increased CIMT;
simvastatin 40 mg ASAP 40% reduced LDL-C levels [36]

. decreased CIMT;
atorvastatin 80 mg ASAP 50% reduced LDL-C levels [56]
simvastatin 80 mg ENHANCE 41% reduced LDL-C levels [37]

simvastatin 80 mg 58% reduced LDL-C levels;

and ezetimibe 10 mg ENHANCE 26% decreased hsCRP [37]

The additive effect of ezetimibe was not explained in the ENHANCE study. The Study
of Heart and Renal Protection and the Improved Reduction of Outcomes: Vytorin Efficacy
International Trial provides more information about the effect of ezetimibe. For now, the
following treatment principle has been suggested: difficulties in achieving the target LDL-C
levels in patients with FH, as well as the unavailability of high-dose statin treatment due to
side effects, is an indication for concurrent ezetimibe administration.

7. Efficacy of Ezetimibe in the Treatment of FH

While dietary management and statin therapy are quite effective in treating general
hypercholesterolemia, FH can be refractory to these methods. Concurrent ezetimibe treat-
ment may be more effective in such cases due to the specific pharmacological action of
ezetimibe that suppresses cholesterol intake in the intestine [40]. However, for subjects
with homozygous FH, only a 30% decrease in LDL-C concentrations can be achieved even
with combined therapy, so LDL apheresis or liver transplantation can also be considered in
such cases [41].

Dietary management can lead to cholesterol reduction by 10-15% in subjects with
heterozygous FH, and the target level can sometimes be achieved through high-dose statin
treatment. Since a statin-dose reduction may be needed due to the side effects such as
myalgia, efficient combined treatment with less adverse reaction should be considered.
In such cases, ezetimibe demonstrates an excellent additive effect, reducing the LDL-C
concentrations by an additional 10-20% in patients with FH [42].

8. Statins

Statins are the first-line therapy in FH treatment. Currently, the guidelines suggest
maximally tolerated statin doses for adults, though statin-only treatment rarely allows one
to attain the target LDL-C concentrations. Considering the pharmacological mechanism of
statins, which partly decrease the LDL-C levels by stimulating LDLR expression in the liver,
it is expected that patients suffering from homozygous FH with null LDLR gene mutations
would be refractive to such therapy [43]. However, these subjects respond to statin therapy
but a lower degree than subjects with other FH types. This can be explained by the fact
that the pharmacological mechanism of statins may vary, and sometimes they would act
through VLVD (and thus LDL) synthesis suppression. The reported LDL-C lowering effect
in such patients is lower than in non-FH subjects (~20% vs. 40-60%) [44].

Guidelines recommend initiating the statin treatment of children starting from the age
of eight to ten years. The doses should be increased gradually until the target LDL-C level is
reached. The safety of statin therapy in children is often questioned, though a meta-analysis
of six studies involving 798 children treated with statins reported a considerable reduction
in LDL-C levels (weighted mean difference: —30%), total cholesterol (—23%) and apoB
(—25%) [45]. The report showed no major difference between the statin- and placebo-treated
groups regarding side effects, muscle or liver toxicity, and sexual maturation. Rosuvastatin
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was not among the trialled statin agents in the meta-analysis [46]. However, its efficacy
has also been assessed in HeFH children and adolescents. The study revealed a 35-45%
decrease in LDL-C concentration, a much lower CIMT, and no adverse reactions affecting
physical development or sexual maturation after 2 years of therapy. The mean LDL-C
reduction level in HoFH subjects was 22.3%. Patients with residual LDLR showed the
greatest LDL-C decrease at 23.5%, and the response rate for subjects with two LDLR null
mutations was a 14% decrease [47].

Pitavastatin has also decreased LDL-C concentrations in patients between 6 and
17 years. There was reported no significant difference between the statin—and placebo-
treated groups regarding adverse effects. Furthermore, a retrospective study involving
HeFH patients has revealed a 44% reduction in the risk of coronary artery disease and
mortality in subjects treated with moderate-to-high-intensity statin therapy. However, there
are still not enough prospective studies of statin’s effect on cardiovascular outcomes in
patients with FH [48].

A recent study involving consecutive HeFH patients treated with maximal tolerant
doses of lipid-lowering therapy (median treatment and follow-up duration—9.5 years)
reported the following results: although the LDL-C concentrations decrease after statin
monotherapy and sometimes even reach the target levels, FH patients have the greater
residual risk of CVD after statin-only treatment [49]. The study revealed that LDL-C
concentrations in these patients exceeded the levels endorsed in current guidelines. More-
over, the subjects exhibited higher Lp(a) levels that could not be controlled by statins and
thus increased the residual risk. These results prove the need for a combined therapy
approach with drugs reducing LDL-C concentrations through different pharmacological
mechanisms [50].

9. PCSK9 Inhibitors

Proprotein convertase subtilisin/kexin type 9 (PCSK9) is an enzyme primarily ex-
pressed in the liver that regulates the LDLR activity by binding LDLR on liver cells and
promoting LDLR degradation [51]. As a result, increased PCSK9 concentrations cause
hypercholesterolaemia. Gain-of-function abnormalities in the PCSK9 gene result in FH
and a greater risk of ACD, while loss-of-function abnormalities are a cause of lower LDL
concentrations in blood and reduced risk of coronary heart disease. This means that hy-
percholesterolaemia treatment can be based on suppressing the PCSK9 [52,53]. There
are different types of PCSK9 inhibitors. Monoclonal antibodies such as alirocumab and
evolocumab bind to circulating PCSK9, preventing it from interacting with LDLR, while
siRNA molecules such as inclisiran suppress PCSK9 synthesis in the cells. Many different
clinical trials of monoclonal antibodies in patients with hypercholesterolaemia, including
individuals with FH, have been carried out [54].

9.1. Inclisiran

Inclisiran is an artificial molecule of small interfering ribonucleic acid, the molecu-
lar stability of which is supported by a range of modifications. Being administered via
subcutaneous injections, this drug specifically binds to the messenger RNA of the PCSK9
gene promoting its degradation, which, in turn, leads to the persistent reduction of the
PCSKO protein levels, both intracellular and extracellular [55]. A single dose of inclisiran
was shown to significantly reduce the circulating level of PCSK9 and LDL-C level in a
dose-dependent manner compared to a placebo. These results were shown among patients
with FH during the randomized, placebo-controlled phase 1 trial. Mentioned effects lasted
180 days after the administration. No severe adverse effects were observed, and only light
and moderate cases were admitted [56].

In phase 2, placebo-controlled, randomized study ORION-1, 501 patients with hyperc-
holesterolaemia and high cardiovascular risk received a single dose of inclisiran, which
caused a dose-dependent lowering of LDL-C levels by up to 42% at day 180. The ad-
ministration of two doses of inclisiran, at day 1 and 90, led to LDL-C levels lowering at
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day 180 by up to 53%. Moreover, the levels of very-low-density lipoprotein cholesterol,
non-high-density lipoprotein cholesterol (non-HDL-C), and apolipoprotein B (apoB) levels
appeared to be persistently decreased as well [57]. It is worth noting that both patients
with diagnosed diabetes mellitus and non-diabetic individuals had a similar lowering in
LDL-C and other atherogenic lipoproteins. There were no differences in serious adverse
effects rates between the test and placebo groups. After one year of follow-up, no changes
in adverse effects rates, and the time-averaged lowering of LDL-C levels was up to 39% in
those who received one dose and up to 46% in those who received two doses. It was also
shown that inclisiran can be used without dose adjustment and is equally effective and
safe in patients with renal impairment. What is more, inclisiran did not affect platelets and
white blood cells number and the inflammatory marker’s interleukin-6 and tumor necrosis
factor o [57].

Recently, the results of phase 3 trials of inclisiran were published. ORION-9 enrolled
482 patients with heFH, who received 300 mg of inclisiran at days 1, 90, and 270. 450 partici-
pants exhibited a 48% decrease in the level of LDL-C after 510 days from the administration
compared to the placebo group. The genotype of heFH had no impact on the inclisiran
effectiveness. Lipoprotein (a) levels appeared to be reduced by 17% more in the inclisiran
group than the placebo one, while the serious adverse effects rates were similar in the two
groups [58].

In the ORION-10 trial (1561 individuals with diagnosed cardiovascular diseases)
and the ORION-11 trial (1617 individuals with diagnosed cardiovascular diseases), the
reduction of LDL-C levels was observed at day 510 by 52% and 50%, respectively, in
comparison with placebo after administration of inclisiran 300 mg at day 1, day 90 and
every 6 months over 540 days. Lipoprotein (a) levels were also decreased by inclisiran
by 26% and 19% more than placebo, respectively. Among patients treated with inclisiran,
injection-site adverse reactions were more frequent, but these reactions were generally mild,
and none were severe or persistent. The rate of other adverse events was similar in the
inclisiran and placebo groups [59].

9.2. Bile Acid Sequestrants

Drugs of this group decrease plasma levels of LDL-C by removing the bile acids
from the enterohepatic cycle via binding them in the intestine. This leads to the increased
bile acid formation from intrahepatic cholesterol, which, in turn, reduces intrahepatic
cholesterol concentration and stimulates the upregulation of LDLR on the surface of the
hepatocyte. Bile acid sequestrants can reduce LDL-C levels by 10-20%, but they often cause
abdominal pain, constipation, nausea, and other side effects. Also, they interfere with the
absorption of folate and fat-soluble vitamins, and appropriate dietary supplementation is
recommended [60].

Recently, second-generation bile acid sequestrant colesevelam was evaluated in chil-
dren with FH. This compound can be used in lower doses because of its greater affinity
to bile acids. This reduces the side effects rate and makes the drug more tolerable. Now,
colesevelam is the only bile acid sequestrant that is approved for the treatment of paediatric
patients with HeFH [61].

9.3. Probucol

Probucol is a well-known anti-hyperlipidemic drug that was developed to manage
coronary artery disease via its antioxidative properties. In recent years, it appeared to be
effective in various cardiovascular diseases in humans and showed a variety of pharma-
cological effects. Moreover, apart from a variety of therapeutic effects, diversity in the
mechanisms of action of probucol was also demonstrated. It is known that probucol can
stimulate cholesterol efflux and increase reverse cholesterol transport by activation of CETP
and scavenger receptor class B type I. Through these mechanisms, HDL-C levels can be
decreased. Additionally, probucol was shown to decrease the risks of coronary artery
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disease development among patients with heterozygous FH. This drug has a big, although
underestimated, potential for FH management [62,63].

10. Combined Therapy

Familial hypercholesterolaemia is a complex condition that usually requires more
than one therapeutic approach [64]. The on-time start of therapy is crucial for a favourable
prognosis. The main goal of this therapy is to avoid the development of atherosclerotic
cardiovascular disease. The first part of the combined therapy is therapeutic diet modifica-
tion and exercise. Briefly, total fat, saturated fat, trans-fatty acid, cholesterol, carbohydrate,
sugar, and alcohol intake needs to be limited, and their limits are suggested. At the same
time, consuming fibre-rich food, whole- and multigrain food, vegetables, fish, and fresh
fruits is recommended. Regarding exercise, the performance of aerobic exercise 4-6 times a
week and resistance exercises at least 2 times a week is advised [65].

However, further correction of LDL-C level is often needed, so pharmacological
treatment is in charge. The first-line therapy is statins. Drugs of this group are usually
administered at a high intensity, but even this is often not enough. So, the second-line
choice, according to guidelines, is ezetimibe. PCSK9 inhibitors can be added if patients do
not achieve the target with a maximal tolerable dose of statin plus ezetimibe [44].

11. Conclusions

In this review, we distinguished the relationship between atherosclerosis and familial
hypercholesterolaemia. As a disorder associated with impaired lipid metabolism, familial
hypercholesterolaemia cannot but affect the risks of atherosclerosis, as well as associated
cardiovascular diseases and events. After analysing the data available in the literature on
the relationship between atherosclerosis and familial hypercholesterolaemia, we concluded
that these two diseases are inextricably linked, and familial hypercholesterolaemia can serve
as a prerequisite for the development of atherosclerosis. This is realized due to a violation
of lipid metabolism, which is the central event of familial hypercholesterolaemia and one
of the main mechanisms of atherogenesis. A review of potential treatment modalities that
largely overlap for these two diseases deserves special attention. Lifestyle corrections,
including physical activity, smoking cessation, and diet, beneficially affect the health of
familial hypercholesterolaemia patients. Additionally, beneficial effects were admitted for
the use of lipoprotein apheresis and, of course, pharmacological treatment. Among effective
drugs, statins, PCSK9 inhibitors, and ezetimibe should be noted. These lipid-lowering
drugs also have the potential for the treatment of atherosclerosis.
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