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Abstract

Purpose of Review Statins are first-line therapy for lowering low-density lipoprotein (LDL) cholesterol in familial hypercholes-
terolemia (FH), particularly in heterozygous patients. We review advances and new questions on the use of statins in FH.
Recent Findings Cumulative evidence from registry data and sub-analyses of clinical trials mandates the value of statin therapy
for prevention of atherosclerotic cardiovascular disease (ASCVD) in FH. Statins are safe in children and adolescents with FH,
with longer term cardiovascular benefits. The potentially toxic effects of statins in pregnancy need to be considered, but no
association has been reported in prospective cohort studies with birth defects. There is no rationale for discontinuation of statins in
elderly FH unless indicated by adverse events. FH is undertreated, with > 80% of statin-treated FH patients failing to attain LDL
cholesterol treatment targets. This may relate to adherence, tolerability, and genetic differences in statin responsiveness. Statin
treatment from childhood may reduce the need for stringent cholesterol targets. Combination of statins with ezetimibe and
PCSKO inhibitors significantly improves the efficacy of treatment. Whether statin use could improve the clinical course of FH
patients with COVID-19 and other respiratory infections remains an unsolved issue for future research.

Summary Statins are the mainstay for primary and secondary prevention of ASCVD in FH. Sustained long-term optimal statin
treatment from an early age can effectively prevent ASCVD over decades of life. Despite their widespread use, statins merit
further investigation in FH.
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Introduction statins in the management of FH and explore new avenues for
future research.

Familial hypercholesterolemia (FH) is the most common and

serious form of inherited high cholesterol that markedly accel-

erates the onset of atherosclerotic cardiovascular disease Review Criteria

(ASCVD), principally coronary artery disease [1, 2]. Patients
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than heterozygotes [1]. In two recent meta-analyses, the prev-
alence of FH in the general population was approximately 1 in
312 [10, 11]. The majority of FH cases (>90%) are caused by
mutations in the LDL receptor (LDLR), with > 1000 patho-
genic or likely pathogenic variants described. About 5% of FH
cases are due to mutations in the LDL Receptor binding region
of APOB gene, with gain-of-function PCSK9 mutations found
in 1-2% of FH cases [12]. Rare mutations in STAP/ and
LDLAPI genes have also been described in FH.

FH is a genetic disorder of LDL metabolism. During nor-
mal lipid regulation, LDL particles bind to LDL Receptors
expressed on the liver surface via their ligand apolipoprotein
B-100 (apoB) molecule. The complex is internalised and de-
graded in the lysosomal compartment. Proprotein convertase
subtilisin/kexin type 9 (PCSK9) decreases recycling and in-
creases degradation of the LDL Receptors. Accordingly, de-
fects in any of these pathways can therefore potentially impair
the function of LDL Receptors resulting in reduced clearance
of LDL particles from the circulation and accumulation of
LDL particles in the circulation.

Defect in the LDL Receptor also modulates lipoprotein
metabolism other than LDL particles. Increased secretion of
very-low-density lipoprotein (VLDL) particles, decreased ca-
tabolism of chylomicron and remnants, and increased catabo-
lism of high-density lipoprotein (HDL) have been reported in
patents with FH [13, 14]. The effect of FH on cholesterol
efflux capacity has shown conflicting results [15—17], proba-
bly owing to differences in assay protocols and patient char-
acteristics. Elevated plasma lipoprotein(a) (Lp(a)) is frequent-
ly seen in patients with FH, especially those with ASCVD [18,
19]. However, the mechanism for increased Lp(a) levels is
controversial but may be related to the type of LDLR mutation
[19].

Statins

Statins selectively inhibit hydroxyl-methylglutaryl coenzyme
A (HMG-CoA) reductase, a key enzyme in the synthesis of
cholesterol in the liver. This is followed by the activation of
the sterol regulatory element-binding protein 2, a transcription
factor which subsequently upregulates the expression of LDL
Receptors. This upregulation leads to increased uptake of
LDL and other apoB containing lipoproteins, including
triglyceride-rich lipoproteins from the circulation.

The currently available statins include pravastatin, lovastat-
in, simvastatin, fluvastatin, atorvastatin, rosuvastatin, and
pitavastatin, with LDL cholesterol-lowering effects of 30—
60% across different types and doses of statins [4, 5]. High-
intensity statin therapy (e.g. atorvastatin 40—80 mg/day or
rosuvastatin 20-40 mg/day) can lower LDL cholesterol by
50-60%, whereas moderate-intensity statin therapy (e.g. ator-
vastatin 10-20 mg/day or pravastatin 40—80 mg/day) can
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reduce LDL cholesterol by 30—40%. Pitavastatin is the newest
statin in the market that lowers LDL cholesterol by 30-45%
across its dose range of 1 to 4 mg/day. The therapeutic effica-
cy of statins is dependent on LDL Receptor function, with less
effectiveness in LDL Receptor-negative (deficient receptors)
than in receptor-defective (defective receptors) homozygous
FH [20, 21]. The therapeutic effect of statins may be modified
by variation in genetic factors. FH patients with the APOE*4
allele are poorer responders to statin treatment than those that
are APOE*2 or APOE*3 carriers [22]. Loss-of-function
(LOF) variants in PCSK9 are associated with an increased
response to statin therapy, up to 55% [23]. Data from
genome-wide association studies (GWAS) also demonstrate
that ~5-10% of the variation in LDL cholesterol response to
statin treatment is associated with the interaction with some
genetic variants, such as ApoE, LPA, SORT1/CELSR2/
PSRCI, and SLCOIBI [24]. However, the collective effect
of genetic variants on the therapeutic responses to statins in
FH requires further investigation.

Children and Adolescents

The short- and intermediate-term efficacy and tolerance of
statins in children and adolescents have been confirmed by
observational studies and meta-analyses [25-27]. Statin treat-
ment is generally well tolerated, with good adherence to treat-
ment [28]. Long-term follow-up of children treated with prav-
astatin demonstrated an excellent adherence and tolerance
with > 80% remaining on statins and only 1.5% discontinued
treatment due to adverse effects [29]. However, further studies
are required to assess the life-long safety of statins com-
menced in childhood.

Several statins, including simvastatin, lovastatin, atorva-
statin, pravastatin, fluvastatin, and rosuvastatin, are approved
for use in FH children in the USA and Europe [30, 31].
Current guidelines recommend that children with homozy-
gous FH should be treated as early as possible when the diag-
nosis is made. Children who are heterozygous for FH should
be initiated at the lowest recommended dose (such as prava-
statin 20 mg, atorvastatin 10 mg, and rosuvastatin 5 mg) and
up-titrated according to the LDL cholesterol-lowering re-
sponse and tolerability from 8 to 10 years of age (Table 1)
[4-, 6, 32, 33].

In the CHARON study, rosuvastatin treatment (starting at
5 mg daily, with up-titration to 10 mg at age 6-9 years or 20 mg
at age of 1017 years) for 2 years resulted in significantly less
progression of increased carotid intima-media thickness (IMT)
in children with heterozygous FH than their untreated unaffect-
ed sibling; there was no significant difference in carotid IMT
detected between the 2 groups after 2 years of rosuvastatin [34,
35]. A 10-year follow-up of statin-treated FH children has also
been associated with thinning and normalisation of carotid IMT
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Table 1 LDL cholesterol targets
for children and adolescents in

Recommendations

familial hypercholesterolemia
ESC/EAS [4-]

* From 8 to 10 years of age: a level of LDL cholesterol < 3.5 mmol/L at > 10 years of age

» At younger ages: a 50% reduction in LDL cholesterol from baseline

» 8-10 years of age: statin therapy be considered if LDL cholesterol >4.9 mmol/L or

>4.1 mmol/L years if there are additional co-morbidities or family history premature CAD

» <10 years of age: a 30-50% reduction in LDL cholesterol from baseline or a level

* > 10 years of age: a 50% reduction in LDL cholesterol from baseline or a level

* > 14 years of age: a target LDL cholesterol concentration of <2.5 mmol/L over the next
3-5 years if there are additional co-morbidities or family history premature CAD

CCS [6]
HEART UK
[32] <3.5 mmol/L
<3.5 mmol/L
JAS [33]

<3.6 mmol/L

* > 10 years of age: a 50% reduction in LDL cholesterol from baseline or a level

CAD coronary artery disease, CCS Canadian Cardiovascular Society, ESC/EAS European Society of Cardiology/
European Atherosclerosis Society, HEART UK Hyperlipidaemia Education and Atherosclerosis Research Trust
United Kingdom, JAS Japan Atherosclerosis Society, LDL low-density lipoprotein, NLA National Lipid

Association

[29]. A more recent study has shown that children commenced
on low-to-moderate intensity statin (pravastatin 2040 mg dai-
ly) had a 1% incidence of cardiovascular events after a 20-year
follow-up compared with 26% in their affected parents who
were treated with statins later in life [36¢¢]. This is despite the
reduction in LDL cholesterol of a modest 32%, which under-
scores the value of earlier and sustained statin therapy without
achieving the current guideline-recommended targets. This no-
tion is also supported by Mendelian randomisation studies that
long-term exposure to lower LDL cholesterol beginning early
in life is associated with a substantially greater reduction in the
risk of ASCVD than the beneficial effect of lowering LDL
cholesterol in adults treated over 5 years in later life [37, 38].

Adults

The efficacy and safety of statin use in adults for primary and
secondary prevention of ASCVD is well established [4-9].
While all statins can reduce LDL cholesterol in heterozygous
FH, statin monotherapy is insufficient to achieve the
guideline-recommended LDL cholesterol levels [38].
Randomised, placebo-controlled trials with FH patients have
not been undertaken for ethical reasons. Nonetheless, obser-
vational registry data and sub-analyses of clinical trials have
contributed to increasing evidence of the value of statins in FH
[39-45].

In a large cohort studies from the Netherlands, moderate-
intensity statin therapy (simvastatin or atorvastatin with a
mean daily dose of 33 mg and 49 mg, respectively) reduced
ASCVD mortality by 76% [40]. In another follow-up cohort
study from South Africa, lipid-lowering therapy, predomi-
nantly statin therapy (40 mg of rosuvastatin or 80 mg of

atorvastatin daily), was associated with delayed cardiovascu-
lar events and prolonged survival in patients with homozy-
gous FH by 50% and 65%, respectively [44]. Moderate-to-
high-intensity statins (simvastatin 40 mg or atorvastatin
40 mg) were shown to confer a relative reduction in coronary
risk of 44% in asymptomatic heterozygous FH patients [3].
Similarly, data from the UK Simon Broome Registry have
also confirmed the benefit of statins in reducing coronary-
related mortality, with a larger reduction in coronary mortality
in women than in men [41, 45]. Additionally, FH patients on
long-term statin treatment have been shown to exhibit similar
degrees of carotid artery plaques and IMT to subjects in the
general population [46]. Aggressive LDL cholesterol reduc-
tion by high-intensity statin (atorvastatin 80 mg) over 2 years
was accompanied by a regression of carotid IMT in patients
with FH [47]; however, such benefit was not observed with
conventional statin therapy (simvastatin 40 mg). This obser-
vation is consistent with current guideline recommendation
that FH adults should be treated with the maximal tolerated
dose of a high-intensity statin. In a recent study from Japan,
pitavastatin (2 mg/day) compared with atorvastatin (10 mg/
day) significantly reduced cardiovascular events in hypercho-
lesterolemic patients [48]. However, the cardiovascular bene-
fit of pitavastatin has not yet been specifically studied in FH.

In a sub-analysis from the West of Scotland Coronary
Prevention Study (WOSCOPS), pravastatin reduced the risk
of ASCVD during the initial 5-year trial as well as over a total
of 20 years post-trial follow-up in participants who were hy-
percholesterolemic (LDL cholesterol > 4.9 mmol/L) and free
from ASCVD [49]. The post-trial legacy effect of statins has
also been reported in a meta-analysis showing significant ben-
eficial effects on cardiovascular and all-cause mortality [42¢¢].
Taken together, these analyses provide robust evidence for the
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long-term benefits of lowering LDL cholesterol, particularly
for the primary prevention of ASCVD, among individuals
with hypercholesterolemia, and particularly those with FH.

Pregnancy

Pregnancy is associated with changes in lipid metabolism that
are essential for fetal growth and development. In a study of
22 pregnant women with FH, LDL cholesterol increased sig-
nificantly between baseline and gestational week 36 by 30%
[50]. The absolute increase in LDL cholesterol is markedly
higher in women with than without FH during pregnancy [50,
51]. In a registry-based study, women with FH did not appear
to have a higher risk of pregnancy complications (preterm
delivery, low infant birth weight, or congenital
malformations) than women in general [52].

The treatment of FH in pregnancy is challenging because
statins are contraindicated during pregnancy owing to the po-
tential adverse effects of statins on fetal development. Current
guidelines recommend that all women of child-bearing age
with FH on lipid-lowering therapy should receive pre-
pregnancy counselling as well as contraception advice [4-6,
53]. Statins should be discontinued 3 months prior to planned
conception and during pregnancy and lactation, but resumed
immediately after the completion of breast feeding. Women
who become pregnant while on statin therapy should stop the
statin immediately and undergo fetal assessment. Bile acid
sequestrants are the only safe agents in FH during pregnancy
but only modestly lower plasma LDL cholesterol levels and
can elevate triglycerides, reduce absorption of fat-soluble vi-
tamins, and cause gastrointestinal upset. It is noteworthy that
there is no strong evidence between statin exposure in preg-
nancy and increased risk of pregnancy complications in both
homozygous and heterozygous women [52, 54]. However,
pregnancy and lactation lead to the disadvantage of fewer
effective years of treatment in women. Hence, early diagnosis
and treatment of FH in girls are required to reduce the overall
cholesterol burden related to periods off statin therapy during
pregnancy and lactation. Further studies of the impact of mul-
tiple frequencies and cholesterol life years on CAD events are
required.

Elderly

The efficacy and safety of statin therapy in older adults are
unclear. In a meta-analysis of 28 randomised trials, statin use
was safe and well tolerated and associated with a significant
reduction in major ASCVD events in people older than 75
[55¢]. The European Society of Cardiology/European
Atherosclerosis Society (ESC/EAS) guidelines recommend
that elderly patients should be started with statin at a low dose
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and then titrate with caution to achieve target lipid levels as the
younger subjects [4¢]. There is no rationale for discontinuation
of maximal tolerated dose of statin and non-statin therapy in
elderly with FH unless indicated by adverse events. However,
more information is required on value of statin therapy in
elderly FH from registry data.

Statin Safety and Tolerance

A number of patients taking statins experience significant side
effects that result in a partial or complete intolerance to the
drug [56¢]. Hence, diagnosis and management of statin intol-
erance may present a major challenge in the care of FH. There
are little data regarding statin intolerance in FH. In the
CASCADE-FH Registry [57], 15% of patients with heterozy-
gous FH did not receive statin treatment due to statin intoler-
ance or allergy. Data from the UK Simon Broome Registry
have reported that 6.8% of FH patients were not prescribed
statin therapy because of statin intolerance [45]. Statin intol-
erance in children has not been specificity-investigated.
However, use of statin in children with FH is generally safe
and well tolerated with no difference in liver function and
myopathy compared with placebo in children [27¢¢]. It is note-
worthy that most of the patients with statin-associated muscle
symptom (SAMS) can continue to tolerate statins using a step-
by-step approach given complete intolerance to statin therapy
affects only 3—5% patients [58].

Adherence

The effectiveness of statin therapy is limited by poor adher-
ence with up to 50% of eligible patients not currently taking
statins. Poor adherence to statin therapy or discontinuation has
been shown to be associated with a significant increased risk
of ASCVD [59, 60]. However, there are limited data regarding
statin adherence data in FH. In a study of FH patients with a
statin prescription [61], poor adherence of statins was reported
by 11% of the patients. Similar findings were found in young
adult FH patients showing a nonadherence rate of 22% to
statin treatment [28]. Although statin adherence rates in FH
patients are relatively high, a substantial proportion of patients
may fall short of full compliance or follow regime inconsis-
tently owing to their beliefs about medication harm and over-
use, treatment effectiveness, and social influence [62]. Intense
media discussion over the risks—benefit balance of statins re-
sulted in a rise in the proportion of patients who discontinued
to take statins [63, 64]. This may be particularly crucial in
young FH in whom poorer adherence and statin initiation
are frequently noted [60]. Hence, the care of FH must be
patient-centred to improve the quality of decision-making pro-
cesses, and this may be facilitated by the use of decision aids.
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Health literacy issues in FH must also be addressed to ensure
adherence to therapies [31, 65¢°, 66].

Cholesterol Responsiveness in Racial Groups

The dose of statins and the degree of LDL cholesterol reduc-
tion achieved with statins are different between Asian and
Caucasian patients [67, 68]. However, there are limited data
regarding racial differences in response to statins in FH.
Current guidelines recommend that FH patients should be
treated with maximal tolerant dose of statins. However, it is
questionable whether comparable dose of statin, for example
40 mg rosuvastatin, should be used in FH patients with Asian
ethnicity given the potential greater systemic exposure to
rosuvastatin and thereby higher risk of severe myopathy [69,
70]. The efficacy and safety of pitavastatin in Japanese and
European children and adolescents with FH are comparable,
suggesting no significant ethnic differences on the therapeutic
responses to pitavastatin [71]. Hence, more research is re-
quired to investigate and compare the pharmacokinetics of
different statins in FH patients among different racial groups.

Statins and Lipoprotein(a)

Elevated Lp(a) is a significant amplifier of ASCVD risk in FH
[19, 72]. About 30% of FH patients have an elevated concen-
tration of Lp(a) of> 0.5 g/L [18, 19]. This leads to an extreme-
ly highly elevated ASVD risk due to life-long elevated levels
of both LDL and Lp(a) particles. In a cross-sectional analysis
from the SAFEHEART registry, patients with FH, especially
those with ASCVD, had higher Lp(a) plasma levels compared
with their unaffected relatives. Lp(a) is a significant predictor
of ASCVD in FH independent of the type of LDLR mutation
[19]. However, statin therapy does not affect Lp(a) levels. In
some studies, statin treatment may even increase Lp(a) levels
[73¢], particularly in those with smaller apolipoprotein(a)
[apo(a)] isoform [74]. The effect of statin on Lp(a) level
may depend on the type and dose of statins. In a recent me-
ta-analysis, atorvastatin (80 mg), rosuvastatin (40 mg), and
pravastatin (40 mg) significantly increased Lp(a) levels,
whereas atorvastatin (10 mg) and pitavastatin (2 mg) trended
to decrease Lp(a) levels [73+¢]. However, none of these statin
trials were specific for patients with FH or elevated Lp(a).
Since routine measurement of LDL cholesterol levels includes
a proportion of Lp(a)-derived cholesterol [75], FH patients
with elevated Lp(a) may derive a less than optimal benefit
with statins, because statin treatment may result not only in
an increase in Lp(a) levels but also in a decrease in apparent
response to LDL cholesterol lowering. Whether these effects
play a role in the residual risk in FH patients treated with
statins merits further investigation. These observations also

foreshadow the value of PCSK9 inhibitors and/or other spe-
cific agents (e.g. apolipoprotein(a) antisense oligonucleotides)
for lowering Lp(a) in FH against a background of statin
therapy.

Statins and Coronary Artery Calcium Score

Imaging of preclinical atherosclerosis may currently be the
most valuable tool for risk re-stratifying patients with FH.
Coronary artery calcium (CAC) scoring is a noninvasive mea-
sure of atherosclerotic plaque burden with a CAC (Agatston)
value of > 100 defined as high vascular plaque burden. FH
patients with high CAC score should be considered at very
high cardiovascular risk. Several studies have shown that FH
individuals have greater CAC burden than normolipidemic
controls [76, 77]. CAC scores have also been shown to be
associated with incident ASCVD events in asymptomatic het-
erozygous FH patients receiving standard lipid-lowering ther-
apies (70% of statin use at baseline) [78¢]. Hence, CAC
scores can be used to improve the accuracy of ASCVD risk
prediction in FH and allow shared decision-making and im-
prove adherence to statin therapy. FH patients with high CAC
should be treated more aggressively, including high-intensity
statins and other potent cholesterol-lowering agents, such as
PCSKO9 inhibitors.

Several studies suggest that statins promote CAC progres-
sion [79, 80]. However, an increase in CACS may not indicate
an increased total burden of vascular plaque in patients treated
with statins. It is possible that statins increase coronary calci-
fication possibly reflecting plaque stabilisation by reducing
the progression of plaque volume and increasing density of
plaque calcium, which could lead to higher CAC scores, as
evidenced by in vivo IVUS imaging [79-81]. Hence, serial
measurements of CAC during follow-up may not have clinical
value in FH patients receiving long-term statin therapy.

Noninvasive computed tomography coronary angiography
(CTCA) is another noninvasive imaging modality to assess
coronary atherosclerosis [82]. This technique can integrate
the effect of LDL cholesterol life years, guide therapy, im-
prove patient adherence, and assist in prioritising further car-
diac investigations [82]. However, its precise clinical and eco-
nomic value remains to be demonstrated in FH.

Statins and COVID-19

The current coronavirus pandemic is an outbreak of corona-
virus disease 2019 (COVID-19) caused by severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2).
Observational studies have found that people with cardiovas-
cular co-morbidities are more likely to be infected with
SARS-CoV-2 and to develop severe symptoms [83].
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Table 2

LDL cholesterol targets for adults in familial hypercholesterolemia, adapted from Watts 2020 [65¢+¢]

Treatment targets

ESC/EAS [4+] AHA/ACC [5+] CCS[6] NLA[7] JAS[8] AACE/ACE [9] NICE [89, 90]

Primary prevention

Primary target: LDL cholesterol

Relative reduction (%) >50 -
Absolute level (mmol/L) <18 <2.6
Secondary targets:
Absolute non-HDL cholesterol level (mmol/L) <2.6 -
Absolute apoB level (mg/dL) <80 -
Secondary prevention
Primary target: LDL cholesterol
Relative reduction (%) >50 -
Absolute level (mmol/L) <l4 <18
Secondary targets
Absolute non-HDL cholesterol level (mmol/L) <2.2 <2.6
Absolute apoB level (mg/dL) <65 -

50 >50 >50 — >50
<25 <2.6 <2.6 <1.8 -
- <34 — <2.6 -
- <90 - <80 -
- >50 - - >50
<2.0 <138 <18 <l4 -
<2.6 <2.6 — <2.1 -
— <80 — <70 -

AACE/ACE American Association of Clinical Endocrinologists/American College of Endocrinology, AHA/ACC American Heart Association/American
College of Cardiology, ApoB apolipoprotein B-100, CAD coronary artery disease, CCS Canadian Cardiovascular Society, ESC/EAS European Society of
Cardiology/European Atherosclerosis Society, HDL high-density lipoprotein, JAS Japan Atherosclerosis Society, LDL low-density lipoprotein, NICE
National Institute for Health and Clinical Excellence, NLA National Lipid Association

#Lower target to < 1.4 mmol/L if there is another major risk factor (e.g. smoking, diabetes, hypertension, unequivocal atherosclerotic cardiovascular

disease on imaging)

COVID-19 also exerts a high inflammatory burden that can
induce risk of ASCVD, such as vascular inflammation,
myocarditis, and cardiac arrhythmias. Most of these pa-
tients are taking statins for ASCVD prevention. Hence,
there is an increasing interest regarding statin use in
patients with COVID-19.

It is known that statins do not only exert pleiotropic effects
on inflammation and oxidative stress but also favourably mod-
ulate the immune response [84]. Accordingly, statins can be
used as an add-on treatment in patients with autoimmune

inflammatory conditions [85]. Hence, these evidences support
the continual use or even initiation of statin as an added-on
treatment for COVID-19 patients. In contrast, statin use in pa-
tients with COVID-19 could increase the risk and severity of
myopathies. Some statins, such as simvastatin and atorvastatin,
are metabolised through CYP3A4 metabolic pathway [86].
Hence, concomitant administration of currently used CYP3A4
inhibitors for COVID-19, such as ritonavir, cobicistat, and
azithromycin, may in turn increase the risk of muscle and liver
toxicity and thereby develop severe symptoms [87]. Whether

Table 3 Suggestions for further

research on statins, with Research topics

Research questions

implications for the management

of familial hypercholesterolemia Statin responsiveness

What are the effects of genetic and racial variation response of LDL cholesterol to

different statins?

Children and
adolescents

Safety in pregnancy
Statin intolerance

Adherence

What is the long-term ASCVD benefit or legacy effect of early statin therapy in
children and adolescents?

What is the safety of statins and their effect on fetal development?

What are the mechanisms of type and dose effect of statins on the development of
SAMS?

What are the concerns and beliefs of patients about statin use, and how could decision

aids improve health literacy and the quality of decision-making process?

Lipoprotein(a)

Coronary artery
calcium score

Statin-related therapies

What are the mechanisms of statins on synthesis and clearance of Lp(a) particles?

What are the mechanisms of statins on arterial calcification and the progression of
plaque volume?

What are the mechanisms of small interfering RNA (siRNA) therapies that inhibit

HMG-CoA reductase on LDL metabolism?
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statin use could improve the clinical course of FH patients with
COVID-19 remains to be investigated [88e].

Statins and Therapeutic Targets

Recent recommendations for managing LDL cholesterol in
adults with heterozygous FH are summarised in Table 2
[4-9, 89, 90]. Statin therapy should be initiated as soon as
possible after a diagnosis of FH has been made. The most
recent guidelines from the ESC/EAS and the American
Association of Clinical Endocrinologists/American College
of Endocrinology (AACE/ACE) have recommended very
stringent LDL cholesterol targets for FH patients with and
without ASCVD (< 1.8 mmol/L for primary prevention and
< 1.4 mmol/L for secondary prevention or very high risk) [4,
9]. For FH patients with ASCVD who experience a second
vascular event within 2 years, an LDL cholesterol goal <
1.0 mmol/L may be considered reasonable. Some guidelines
have also specified non-HDL cholesterol and apoB levels as
secondary treatments, but their usefulness in clinical practice
remains to be demonstrated [4-7, 9].

However, most patients with FH cannot attain the very low
absolute levels of LDL cholesterol shown in Table 2, even
when receiving a high-intensity tolerant dose of statin and
ezetimibe. In the SAFEHEART registry, an LDL cholesterol
treatment target < 1.8 mmol/L was reached by only 1.1% and
4.7% of FH patients at entry and 5-year follow-up, respective-
ly, despite a high percentage receiving maximal lipid-
lowering therapy [39]. Even with the less aggressive LDL
cholesterol goals of <2.6 mmol/L and < 1.8 mmol/L for pri-
mary and secondary prevention, respectively, registry data
from the USA show that > 75% and > 80% of patients, respec-
tively, do not achieve these targets [91¢].

Difficulty in achieving LDL cholesterol targets among
statin-treated FH patients will necessitate a third-line therapy,
such as PCSKO inhibitors. In patients with FH receiving max-
imal tolerated dose of statins and ezetimibe, PCSK9 inhibitors
can additionally lower LDL cholesterol level by approximate-
ly 60% across all types and classes of mutation [92¢]. More
importantly, > 80% of patients can achieve the recommended
treatment targets [93]. Current guidelines also recommend the
use of PCSK9 inhibitors to treat homozygous FH patients
except those with confirmed negative/negative LDLR muta-
tions. However, there is no specific data from clinical trials to
evaluate the cost-effectiveness of the use of PCSK9 inhibitors
for ASCVD prevention in FH.

Conclusion

Statins are foundational treatment for FH. A heart healthy diet
and lifestyle therapy and non-statin drugs are most efficacious

against backbone of statin therapy. Early and optimal treat-
ment of FH with statins is the key to improve ASCVD out-
comes. Statin therapy for managing FH is cost-effective [94,
95]. However, clinical and therapeutic challenges exist in re-
lation to statin intolerance, poor adherence, and attainment of
current LDL cholesterol targets. This merits further research
(Table 3). The recommended approach is early diagnosis and
sustained statin treatment from childhood [96, 97], with a less
stringent LDL cholesterol target. Novel therapies, such as
PCSKO9 inhibitors, have been proven to achieve greater reduc-
tions in LDL cholesterol and ASCVD events in high-risk pa-
tients, a finding that supports their use in patients with FH.
Beyond monoclonal antibodies, PCSK9 may be targeted with
small interfering RNA, such as inclisiran, which is undergoing
testing in cardiovascular outcomes trials [98]. New develop-
ment of SIRNA-based therapies can also be used to target
HMG-CoA reductase and Lp(a) [99, 100]. This approach
may in the future address the outstanding gaps in the care of
FH.
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