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Keywords:
 Familial hypercholesterolemia (FH) is a frequent genetic disorder characterized by elevated low-density lipopro-
tein (LDL)-cholesterol (LDL-C) levels and early onset of atherosclerotic cardiovascular disease. FH is caused by
mutations in genes that regulate LDL catabolism, mainly the LDL receptor (LDLR), apolipoprotein B (APOB) and
gain of function of proprotein convertase subtilisin kexin type 9 (PCSK9). However, the phenotype may be en-
countered in individuals not carrying the lattermonogenic defects, in approximately 20% of these effects of poly-
genes predominate, and in many individuals no molecular defects are encountered at all. These so-called FH
phenocopy individuals have an elevated atherosclerotic cardiovascular disease risk in comparison with normo-
lipidemic individuals but this risk is lower than in thosewithmonogenic disease. Individualswith FH are exposed
to elevated LDL-C levels since birth and this explains the high cardiovascular,mainly coronary heart disease, bur-
den of these subjects. However, recent studies show that this risk is heterogenous and depends not only on high
LDL-C levels but also on presence of previous cardiovascular disease, a monogenic cause, male sex, smoking, hy-
pertension, diabetes, low HDL-cholesterol, obesity and elevated lipoprotein(a). This heterogeneity in risk can be
captured by risk equations like one from the SAFEHEART cohort and by detection of subclinical coronary athero-
sclerosis. High dose high potency statins are themain stain for LDL-C lowering in FH, however, inmost situations
these medications are not powered enough to reduce cholesterol to adequate levels. Ezetimibe and PCSK9 inhib-
itors should also be used in order to better treat LDL-C in FH patients.
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Familial hypercholesterolemia (FH) is an autosomal codominant dis-
order characterized by high low-density lipoprotein (LDL)-Cholesterol
(LDL-C) and elevated lifetime risk of coronary heart disease (CHD).1

One of the earliest descriptions of FH was made at the end of the 19th
century2 and the first description of FH heritability was made by
Khachadurian in 1964 in Lebanese FH families.3 Khachadurian demon-
strated that individuals from affected families could present with 3
types of lipid profiles: blood cholesterol increased by 4-fold the normal;
cholesterol increased by 2-fold the normal or normal cholesterol
concentrations.3 From this description appeared evidence of the homo-
zygous and heterozygous forms of the disease.

FH is caused by mutations in genes that regulate LDL catabolism,
mainly the LDL receptor (LDLR), apolipoprotein B (APOB) and gain of
function of proprotein convertase subtilisin kexin type 9 (PCSK9). How-
ever, the phenotypemay be encountered in individuals not carrying the
latter monogenic defects, in approximately 20% of these effects of poly-
genes predominate, and in many individuals no molecular defects are
encountered at all.4,5 These so called FH phenocopy individuals have
an elevated atherosclerotic cardiovascular disease (CVD; ASCVD) risk
in comparison with normolipidemic individuals but this risk is lower
than in those with monogenic disease.6–8

FH is one of the most common genetic lipid disorders and its preva-
lence is around 1/250 in general population and probably there are be-
tween 14 and 34 million individuals with FH worldwide.9

Unfortunately, FH is underdiagnosed and undertreated in most
countries.9,10 Data from the 1999 to 2014 National Health and Nutrition
Examination Survey estimated that only 52.3% of US adults with defi-
nite/probable FH were taking statins.11 Therefore, awareness from pa-
tients and physicians about this disease is very important and might
have implications for public health. In this review we discuss topics in-
volving risk prediction and how to reduce CVD in FH population.

ASCVD risk

Individuals with FH are exposed to elevated LDL-C levels since birth.
This explains the high ASCVD burden of these subjects. Natural history
of CHD risk in FH population can be extrapolated from data of the
Simon Broome cohort.12 In this study 3553 patients were followed up
between 1 January 1980 and 31 December 2015. FH diagnosis was
done using clinical criteria either by Simon Broome or by using the
Dutch Lipid Clinic Network (DLCN) criteria.12 Definitive and possible
FH individuals from all ages had 3.19-fold excess CHD mortality risk
(95% CI 2.23–4.41, p b 0.0001) compared to the population in England
and Wales pre 1992, before lipid-lowering therapy with statins was
used routinely.

CVD risk is highest in younger FH compared to non-FH populations.
For example, in a Norwegian registry including 5518 patients with ge-
notyped FH, standardizedmortality ratio for total CVD deaths occurring
out of hospital, was 12.35 (95% CI 5.14–29.70) for those aged
20–39 years and decreased to 2.17 (95% CI 1.17–4.03) and 1.19 (95%
CI 0.53–2.65) for, respectively, 40–59 and 60–69 years.14

ASCVD risk in FH patients is mainly driven by CHD. Stroke risk in FH
remains controversial. The relationship of FH with ischemic stroke was
studied byBeheshti et al.13 The authors analyzed 2 large Danish cohorts:
Copenhagen General Population Study (CGPS) and Copenhagen City
Heart Study (CCHS). They found that the cumulative incidences in indi-
viduals in the CGPSwith andwithout FH causativemutationswere sim-
ilar for ischemic stroke (p= 0.50). Similarly, in the CCHS also there was
no association between FH mutations and risk of ischemic stroke (p =
0.61).14 Using Simon Broomeor USMEDPED (Make Early Diagnosis Pre-
vent Early Death) criteria, therewas no association between FH and risk
of ischemic stroke. However, using DLCN criteria, there was an associa-
tion between clinical FH and increased risk of ischemic stroke,with a HR
of 1.30 (95% CI 1.08–1.56) for possible FH and 2.50 (95% CI 1.33–4.69)
for definite or probable FH. This difference between clinical criteria
used probably is explained by the personal premature ischemic heart
disease at baseline item in DLCN criteria. The Spanish Familial Hyper-
cholesterolemia Cohort Study (SAFEHEART)where onlymolecularly di-
agnosed heterozygous FH (HeFH) patients are included, mostly
undergoing lipid lowering therapy, has shown results in the samedirec-
tion,with nodifferenceswith controls regarding cerebrovascular events
occurrence.15

Possibly peripheral arterial disease ismore frequent in FH subjects. A
Brazilian cross-sectional study included 202 HeFH patients (91% with
molecular diagnosis) which were compared to 524 normolipidemic
controls.16 Peripheral arterial disease was diagnosed by ankle-brachial
index values ≤0.90. The authors found that the prevalence of peripheral
arterial disease was 17.3% and 2.3% respectively in FH and controls (p b

0.001). This result persisted aftermatching FH and controls by a propen-
sity score. Also in the same direction, the SAFEHEART registry showed a
greater prevalence of symptomatic peripheral arterial disease in FH pa-
tients than in controls: 1.4% versus 0.2% (p b 0.001).15
Classical risk factors and ASCVD

Despite the indisputable role played by elevated LDL-C in FH, other
classical risk factors contribute for ASCVD risk in the FH population.17

A retrospective Dutch cohort study included 2400 FHpatients. The diag-
nosis of FH was based on the presence of an LDLR mutation or upon
strict clinical criteria.18 The following ASCVD risk factors were associ-
ated with CVD in FH subjects: male gender (RR 2.82, 95% CI
2.37–3.36), smoking (RR 1.67, 95% CI 1.40–1.99), hypertension (RR
1.36, 95% CI 1.06–1.75), diabetes mellitus (RR 2.19, 95% CI 1.36–3.54)
and low high-density lipoprotein cholesterol (HDL-C; RR 1.37, 95% CI
1.15–1.63).18

A systematic review and meta-analysis of 27 full-text articles,
representing 41,831 participants with 6629 ASCVD events, confirmed
the importance of classical CVD risk factors. The authors found that
age (OR: 1.07; 95% CI: 1.03, 1.10), male sex (OR: 1.95; 95% CI: 1.68,
2.23), hypertension (OR: 2.11;95% CI: 1.64, 2.58), diabetes (OR: 1.95;
95% CI: 1.33, 2.57), body mass index (OR: 1.04; 95% CI:1.03, 1.05),
smoking (OR: 1.71; 95% CI: 1.30, 2.12), elevated lipoprotein(a) [Lp(a)]
(OR: 1.90; 95% CI:1.10, 2.71), low HDL-C (OR: 1.39; 95% CI: 1.24, 1.53),
and a family history of CVD (OR: 1.83, 95% CI: 1.58, 2.07) were signifi-
cant ASCVD risk factors in FH.19 Thus, undoubtedly classical CVD risk
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factors should always be considered in ASCVD risk stratification of FH
population.

Nontraditional CVD risk factors

Xanthomas

Tendon xanthomas are cholesterol deposits in tendons and may be
detected by clinical examination and imaging studies.20 Achilles tendon
xanthoma is a very specific physical examination sign in FH subjects and
is a criterion for FH clinical diagnosis in the DLCN score. In the past,
xanthomas were described in 20–80% of FH patients, however, in con-
temporary molecularly proven FH populations where statin use is
more prevalent, they are described in only around 15% of patients.15,21

Tendon xanthomas probably are markers of long-term exposure to
high LDL-C levels and possibly share pathophysiological pathway with
atherosclerosis. Homozygous FH develop tendon xanthomas early in
life before age of 10 years old.1 The association of Achilles tendon
xanthomas and CVD was shown in previous cross-sectional studies.
Mangili et al. demonstrated that Achilles tendon xanthomas are inde-
pendently associated with the extension of subclinical coronary athero-
sclerosis quantified by tomographic scores in molecularly proven FH
patients asymptomatic for CVD.22 A previous meta-analysis showed
that FH patients with xanthomas present a three-fold greater preva-
lence of previous ASCVD compared to subjects not having xanthomas.22

The importance of tendon xanthomas in FH-CVD risk stratification was
highlighted in the National Lipid Association Expert Panel on Treatment
of adults with FH which includes tendon xanthoma as a CVD risk factor
in individuals with FH.23 Possibly intensive lipid lowering therapy could
contribute to tendon xanthoma regression. A previous study observed a
5% reduction in tendon xanthoma thickness with PCSK9 inhibitors dur-
ing a mean treatment period of almost 3 years.24

Lipoprotein(a) or Lp(a)

Lp(a) consists of an LDL particle with an additional apolipoprotein
named apolipoprotein(a) [apo(a)] which is covalently linked to the
apolipoprotein B-100 (ApoB) moiety of the LDL particle.25 Plasma con-
centrations of Lp(a) are mainly determined by the LPA gene (90%). Ele-
vated levels of Lp(a) are strong and independent risk markers for
myocardial infarction (MI), stroke, and aortic valve stenosis in the gen-
eral population.26–28

There is much evidence that high Lp(a) also increases ASCVD in FH
subjects. A sub-study from SAFEHEART analyzed the role of Lp(a) as a
predictor of ASCVD and the relationshipwith the type of LDLR genemu-
tation in 1960 He FHwithmolecular diagnosis.29 Lp(a)was an indepen-
dent predictor of ASCVD (OR: 1.007; 95% CI: 1.004 to 1.011; p b 0.0001)
Table 1
Lp(a) and ASCVD risk in FH populations.

Country/year
of publication

FH diagnosis Study design N

Canada/199669 Molecular
(French-Canadian N10-kb
deletion of the LDL
receptor gene)

Case-control 98 FH subjects
healthy first- an
second-degree

Dutch/200418 Molecular or clinical
criteria

Retrospective, cohort
study.

2400 FH

Spain/201429 Molecular Cross sectional 1960 FH and 95
non-FH

Canada/201970 Molecular Retrospective, cohort study;
association of rs10455872
LPA gene with CVD

668 FH
and patients carrying null mutations and Lp(a) levels N50 mg/dL
showed the highest CVD risk compared with patients carrying either
defective mutations and higher Lp(a) or null mutations with lower Lp
(a). A retrospective, multi-center, Dutch cohort study included 2400
FH patients and showed that elevated Lp(a) levels proved to be one of
the independent ASCVD risk factors (RR 1.50, 95% CI 1.20–1.79). Other
studies also support these findings (Table 1).
ASCVD risk stratification

Fig. 1 indicates biomarkers or conditions associated with a higher
ASCVD risk in FH individuals. In the general population, ASCVD risk
stratification is based on risk scores, such as the Framingham Risk
Score or the Pooled Cohort Equation (AHA/ACC). The variables included
in these scores are the classical risk factors: age, HDL-C, total cholesterol,
systolic blood pressure, smoking and diabetes. However, these scores
are not designed to be applied in FH subjects and possibly underesti-
mate ASCVD risk in this population. This occurs due to lifelong exposure
to high LDL-C in FH that is not considered on these scores.

Two risk scores were specifically designed for FH populations. The
first one was the Montreal risk score.30 This Canadian score was based
on a total of 670 adult Caucasian subjects with a known mutation in
the LDLR gene. The authors identified the strongest predictors of CVD
in patients with FH and developed a score to identify FH patients at
very high ASCVD risk. They showed that age (β = 0.75), HDL-C (β =
−0.27), male gender (β=0.25), hypertension (β=0.19) and smoking
(β=0.12) were independent predictors of ASCVD risk.30 Subsequently
they elaborated a score (Montreal-FH-SCORE) that significantly pre-
dicted ASCVD (AUC of 0.840 (0.808–0.872), p b 0.0001). FH subjects
with Montreal-FH-SCORE score above 20 presented a significant 10.3-
fold higher odds of presenting ASCVD events compared to subjects in
the lower score group (95% CI 6.7–17 15.7, p b 0.0001). Paquette et al.
validated this score in a cohort of 718 adult FH individuals.30 They
found an area under the receiver operating characteristic curve of
0.799 (95% CI 0.766–0.832, p b 0.0001). The main limitation of this
score was that it was based on a cross sectional design study and in-
cluded only Caucasian subjects. This score needs to be validated in a
larger and prospective study of multiethnic cohorts.

The second score was the SAFEHEART risk equation.31 The
SAFEHEART is a Spanish multicenter, prospective cohort study of a mo-
lecularly defined population with FH with or without previous ASCVD.
The authors elaborated a risk equation to predict 5 and 10-year
ASCVD risk based on variables associated to ASCVD in the SAFEHEART
registry. This study identified increased age, male sex, history of
ASCVD, high blood pressure, increased body mass index, active
smoking, LDL-C and Lp(a) levels as independent prospective predictors
of increased risk of incident ASCVD in patients with FH, which were
Outcome OR or RR for
Lp(a)

Findings

and 66
d
relatives

Atherosclerotic
vascular
disease

N/A No difference in Lp(a) values

Cardiovascular
mortality and
CVD.

RR 1.50,
(95% CI
1.20–1.79)

Lp(a), male gender, smoking,
hypertension, diabetes mellitus, low
HDL-c were independent CVD risk
factors

7 CVD OR 1.008
(95% CI
1.005–1.010)

Lp(a) is an independent predictor of
CVD in men and women with FH

CVD OR: 1.97;
(95% CI
1.05–3.68)

LPA variant rs10455872 is a good
predictor of premature CVD risk in FH



Fig. 1. Biomarkers, genetic backgrounds, conditions and treatments associated with higher atherosclerotic cardiovascular disease risk in Familial hypercholesterolemia. ASCVD risk is
proportional to LDL-C levels, previous cardiovascular disease, elevated subclinical atherosclerosis burden, monogenic defects and presence of classic risk biomarkers. The higher the
risk and LDL-C, additional LDL-C lowering therapies to statins are recommended.
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subsequently used to develop the SAFEHEART risk equation.31 The
Harrell C index respectively for SAFEHEART risk equation, Framingham
risk score and theAmerican College of Cardiology/AmericanHeart Asso-
ciation ASCVD Pooled Cohort Risk Equations for discrimination of
ASCVD in patientswithout an established diagnosis of ASCVDbefore en-
rollment in the registrywere respectively: 0.81, 0.78, and 0.8. The differ-
ences between the SAFEHEART risk equation and the other 2 were
significant (p=0.023 and p=0.045). The authors developed equations
for both individuals with or without a previous ASCVDmanifestation. A
clinical practice application of potential use of SAFEHEART equation risk
in deciding about PCSK9 inhibitors treatmentwas published by Perez de
Isla et al.32 The authors showed that the number needed to treat (NNT)
were dependent of both baseline predicted risk and LDL-C levels. The
smallest NNT (n = 12) for PCSK9 inhibitors was observed among
those FH subjectswith 5-year risk of ≥5% and LDL-C ≥160mg/dL. Despite
the apparent potential use of these risk scores in FH subjects, external
validation is still needed in larger cohorts to a more widespread use of
these tools in FH ASCVD risk stratification.

Genetics

Historically FHwas considered as a disease characterized by an indi-
vidual with high LDL-C with either family history of premature CHD or
high LDL-C.1 Phenotype was so important that the presence of a muta-
tionwas not amandatory criterion inmany FH clinical diagnosis criteria
(US MEDPED, Simon Broome and DLCN). However, more recent evi-
dence reveals that a pathogenic FH mutation carries importance not
only for diagnosis and cascade screening but also for prognosis.4

Patients with high LDL-C but absence of monogenic defects possibly
have polygenic hypercholesterolemia or another etiology,which in gen-
eral has a better prognosis compared to monogenic FH. Khera et al.
showed that patients with high LDL-C (N190 mg/dL) and no FH muta-
tions had a 6-fold higher risk for CHD and those with both high LDLC
and a FH mutation had a 22-fold higher risk compared to subjects
with normal LDL-C andnomutation.6 Sharifi et al. expanded this knowl-
edge to subclinical atherosclerosis (carotid intima media thickness-
intima media thickness or cIMT and coronary artery calcium-CAC) and
found that after adjustment for age and gender, the mean of cIMT
measurements and CAC scores were significantly greater in the mono-
genic than the polygenic patients: carotid IMT mean: 0.74 mm vs.
0.66 mm, p = 0.038 and CAC score mean: 24.5 vs. 2.65 Agatston units,
p = 0.0004.7

A Canadian registry enrolled patients that had a clinical diagnosis
of FH according to the DLCN score and genotyped them for mono-
genic FH mutations and a polygenic score (those with a weighted
polygenic score ≥80th percentile were considered to have polygenic
hypercholesterolemia).8 The authors included 626 patients and
mean follow-up was 7.2 years. Those with monogenic defects had
higher LDL-C levels than those with high polygenic scores and
those with no molecular defects associated with high LDL-C. The
study confirmed that monogenic causes of FH were associated with
a marked greater risk of premature ASCVD (adjusted HR: 1.96; 95%
CI: 1.24 to 3.12; p = 0.004). However, risk of ASCVD in patients
with polygenic hypercholesterolemia was not significantly different
compared with patients in whom no genetic cause of FH was identi-
fied. Interestingly the elevated polygenic risk score potentiated
ASCVD risk in patients with monogenic FH (adjusted HR: 3.06; 95%
CI: 1.56 to 5.99; p = 0.001)8 despite no differences in LDL-C from
those with monogenic disease and a low score.

These studies strongly suggest the role played by themonogenic de-
fect in ASCVD development in hypercholesterolemic subjects. Indeed,
the definition of FH itself is challenged by the fact that in 40% of individ-
uals with the phenotype no molecular defects are encountered despite
the advanced molecular technologies.4 In addition to a greater ASCVD
risk, monogenic defects are also a marker of better cost effectiveness
of cascade screening, considering the heterogenous inheritance of
polygenes.5

Subclinical atherosclerosis

Coronary calcium score

CAC scores reflect the degree of coronary atherosclerotic plaque bur-
den and there is indisputable evidence that this biomarker is indepen-
dently associated to CHD events. Subjects with CAC score of zero have
low risk of suffering a CHD event in 10 years,33 on the other hand
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subjects with very high CAC scores have CHD risk that is similar to sec-
ondary prevention patients.34 CAC improves CHD risk stratification as it
also improves discrimination and reclassification of clinical risk scores
and is recommended as an additional tool for risk stratification.35

FH individuals have increased CAC compared to non-affected
subjects.36–38 Martinez et al. showed that the determinants of CAC as a
continuous variable were male sex and the LDL-C year score (a marker
of exposition to LDL-C for lifetime) (r2 = 0.32).36 A French study
showed similar association of CAC with cholesterol burden.39 The au-
thors included 112 genetically diagnosed FH patients and showed that
total cholesterol burden (calculated as total cholesterol × age at diagno-
sis plus annually assessed total cholesterol) was independently associ-
ated to CAC after multivariate analysis.

However, how could CAC help on ASCVD risk stratification of FH
subjects? Is there any evidence that CAC could be associated to ASCVD
in this population? An insight about these questions was approached
by our group that evaluated the possible role of CAC as a predictor of
ASCVD events in a prospective cohort of subjects with asymptomatic
HeFH.40 Miname et al. included a total of 206 molecularly proven FH
subjects undergoing standard lipid lowering therapy thatwere followed
for amedian of 3.7 years (interquartile range: 2.7 to 6.8 years). CACwas
positive in 105 (51%), a fact also seen in other cohorts41 and, 15 ASCVD
events (7.2%) were documented. Interestingly subjects with zero CAC
did not experience an ASCVD event, on the other hand a high CAC was
associated with high ASCVD incidence. In multivariate Cox regression
analysis, log(CAC score + 1) was independently associated with inci-
dent ASCVD events (HR: 3.33; 95% CI: 1.635 to 6.790; p = 0.001)
where LDL-C was not. These results indicate that CAC could improve
ASCVD risk stratification in FH subjects. However, we still need more
studies to prove if this method could be used to select those that prob-
ably should benefit from more intensive lipid lowering therapy with
PCSK9 inhibitors.

Computed coronary tomography angiography

Computed coronary tomography angiography (CTCA) allows the
identification of both artery wall and lumen diseases, e.g. lumen ob-
structions. CTCA had some advantages and disadvantages compared to
CAC. The advantages are information about lumen obstructions, visual-
ization of non-calcified plaques, a theoretical advantage in younger indi-
viduals, and information about plaque composition.Main disadvantages
are higher costs, necessity of intravenous contrast injection, higher radi-
ation exposure and costs.

Most evidence shows that this imagingmethodology could be useful
in evaluation of symptomatic patients to rule out CHD as cause of
symptoms.42 For asymptomatic individuals we still do not have evi-
dence that CTCA could improve outcome due to treatment guided by
findings of this test. CTCA, however, helped to chart a pattern profile
of subclinical coronary atherosclerosis in FH subjects. Miname et al. de-
scribed for the first-time subclinical atherosclerosis patterns with CTCA
in HeFH.37 They studied 102 asymptomatic FH subjects (36%male, 45±
13 years, mean LDL-C 280 mg/dL) and 35 age and gender normolipide-
mic matched controls (mean LDL-C 103 mg/dL). HeFH subjects had a
greater atherosclerotic burden represented by higher numbers of pa-
tients with: plaques (48% vs. 14%, p = 0.0005), coronary stenosis (19%
vs. 3%, p = 0.015), segments with plaques (2.05 ± 2.85 vs. 0.43 ±
1.33, p = 0.0016) and CAC scores (55 ± 129 vs.38 ± 140, p =
0.0028). After multivariate analysis, determinants of plaque presence
were increasing age (OR = 2.06, for age change of 10 years, 95% CI:
1.38–3.07, p b 0.001) and total cholesterol levels (OR=1.86, for change
in 1SD of cholesterol levels, 95% CI: 1.09–3.15, p = 0.027). CAC score
was associated with the presence of stenosis (OR = 1.54; 95 CI%:
1.27–1.86, p b 0.001, for doubling the calcium score). Neefjes et al.
also showed higher coronary plaque burden presence detected by CT
angiography in HeFH subjects.43 Themedian total CAC score was higher
in patients with FH than in non-FH subjects (Agatson score 87 vs. 7, p b
0.001). The severity and extent of obstructive disease on a per patient
and a per segment level was also significantly higher in patients with
FH. The number of coronary segments with non-obstructive or obstruc-
tive coronary disease was higher in patients with FH in all age groups
and increased with higher age. The same authors subsequently pub-
lished a prospective cohort study of an extended patient population of
140 asymptomatic HeFH patients (90 men; mean age 52 ± 8 years),
who had been treated with high statin dosages, with a clinical follow-
up of 29 ± 8 months.38 The CAC score was 0 in 21% of the patients. In
16% there was no CT evidence of any coronary artery disease while
24% had obstructive disease. After multivariate analysis, plaque burden
was directly related tomale gender and post treatment LDL-C levels and
inversely associated with HDL-C. There was a low incidence of cardiac
events and no cardiac death occurred during follow-up.

Perez de Isla et al.41 in an imaging sub study of SAFEHART showed in
440 FH individuals (mean age 46.4 years, 52% women) that a CAC score
of zero was encountered in 46%; 46% also presented with a coronary
plaque with lumen involvement. Coronary obstructions 50–70% and
N70% were found respectively in 16% and 6% of studied subjects.

All these CTCA studies showed a higher subclinical coronary plaque
burden in FH subjects. However, there are still some unanswered ques-
tions: is there an association of subclinical atherosclerosis on CTCAwith
ASCVD events in FH subjects? The information provided by CTCA im-
proves ASCVD stratification risk over classical risk factors or CAC alone
in FH subjects? CTCA could help to select FH subjects that would most
benefit from more aggressive lipid lowering therapy, for example
PCSK9 inhibitors?

A small Japanese study showed that a score based on coronary artery
segments with stenosis in CTCAwas associatedwithmajor adverse car-
diac events.44 However, this study did not give a definite answer due to
small sample size and retrospective design.

Carotid intima media thickness (IMT) or cIMT

The cIMT measurement by B-mode ultrasound is defined as the dis-
tance between the lumen-intima and the media-adventitia interfaces.
Despite not being synonomous for atherosclerosis, cIMT has been used
as a surrogate of vascular disease. There is evidence that HeFH subjects
have greater IMT values than normolipidemic subjects since the
childhood.45 Some studies assessed cIMT evolution as surrogate end
points to track treatment effects in HeFH subjects.46,47

Previous evaluations comparing subclinical vascular disease in the
coronaries, carotids and the aorta in HeFH subjects and matched con-
trols showed that therewas no agreement degree between these vascu-
lar sites.36,37 Of importance, the severity of subclinical carotid disease
did not predict the severity of CAC burden suggesting that cIMT might
not be a good surrogate of coronary plaque burden. Indeed the MESA
study, in non-FH subjects, has shown superiority of CAC over cIMT in
predicting CHD events in the general population.48

Severe FH concept

In 2016, the International Atherosclerosis Society (IAS) published a
consensus statement in order to define severe FH subjects who would
benefit from more aggressive cholesterol-lowering treatment.17 The
definition of severe FH is seen in Table 2. Obviously those at highest
risk are those with the homozygous FH phenotype (LDL-C usually
N400 mg/dL), those with previous manifestation of ASCVD, those with
very high LDL-C (usually N310 mg/dL and one risk factor) and those
with high LDL-C (N190mg/dL)with 2 other CVD risk factors. In addition,
the presence of advanced subclinical atherosclerosis also indicates a
higher risk FH individual. The authors proposed that severe FH subjects
who are not at ideal goal or b50% LDL-C reduction should be treated
more intensively with triple drug therapy (associate PCSK9 inhibitor
to maximum tolerated statin plus ezetimibe).17 Recently in the Simon
Broome registry49 the definition of severe FH proposed by the IAS17



Table 2
Severe FH criteria according to the International Atherosclerosis Society.17

Criteria: Treatment recomendationa

a) At presentation (untreated LDL
cholesterol): LDL-C N400 mg/dL or
LDL-C N310 mg/dL and one high-risk
feature or LDL-C N190 mg/dL and two
high-risk features

Realistic goal is to reduce LDL-C by
≥50%; the ideal goal is to achieve LDL-C
b100 mg/dL.

b) Presence of advanced subclinical
atherosclerosis: CAC score N100
Agatston units or N75th percentile for
age and sex; or CT angiography with
obstructions N50% or presence of
non-obstructive plaques in more than
one vessel

Realistic goal is to reduce LDL-C by
≥50%; the ideal goal is to achieve LDL-C
b70 mg/dL

c) Presence of clinical atherosclerotic
cardiovascular disease: Clinical
atherosclerotic cardiovascular disease
defined as previous myocardial
infarction, angina, coronary
revascularization, non-embolic
ischemic stroke, or transitory
ischemic attack, and intermittent
claudication.

Realistic goal is to reduce LDL-C by
≥50%; the ideal goal is to achieve LDL-C
b70 mg/dL

High-risk biomarkers or conditions are: age N40 years without treatment; smoking; male
sex; lipoprotein(a) N75 nmol/L (50 mg/dL); HDL cholesterol 40 mg/dL; hypertension; di-
abetesmellitus; family history of early cardiovascular disease in first-degree relatives (age
b55 years in men and b60 years in women); chronic kidney disease (i.e., estimated glo-
merular filtration rate b60 mL/min per 1.73 m2; and BMI N30 kg/m2).

a Calcium scores calculated using criteria from the Multi-Ethnic Study of
Atherosclerosis.
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was validated in 2929 FH individuals followed by 24 years. Those with
severe FH diagnosis, not only by higher LDL-C levels, but also by the
presence of the classical atherosclerosis risk factor had a 1.93 (95% CI
1.33–2.79) higher standardized mortality ratio than those with non-
severe forms, p = 0.0005. This risk was mostly attributed to the pres-
ence of risk factors other than high cholesterol.

Treatment

Lifestyle measures should be initiated for all FH subjects: a diet low
in saturated and trans fats with emphasis in mono and polyunsaturated
fats, complex carbohydrates, fruits, low fat dairy products, lean meats
and fish and vegetables is very important. Counselling regarding
smoking cessation, regular exercise and appropriate calorie intake
must be provided. Additional ASCVD risk factors, including hyperten-
sion and diabetes mellitus, should also be assessed and treated appro-
priately if necessary.

The treatment of FH includes aggressive lipid lowering therapy be-
cause patients frequently have 2–4-fold higher LDL-C than normolipide-
mic individuals.1 Obviously there are no randomized clinical trials of
lipid lowering therapy in FH subjects because of disease frequency and
because this should be unethical, however there are observational
data that show ASCVD risk reduction in FH subjects with LDL-C reduc-
tion by either statins or PCSK9 inhibitors.12,50–53

Statins

Statins are themain lipid lowering treatment in FH subjects and high
doses of high-potency medications (atorvastatin 40–80 mg and
rosuvastatin 20–40 mg) are preferred, owing to their superior efficacy.
Although there is no randomized trial with statin in FH population,
data from observational studies show that the introduction of these
medications changed the natural history of FH. The UK Simon Broome
Register has shown that since the introduction and widespread use of
statins, the prognosis for patients with HeFH has improved markedly,
with a reduction in coronary mortality of about a third.12

An observational Dutch study showed that after additional adjust-
ment for other cardioprotective medication, the hazard ratio for statins
was found to be protective for CHD and all-cause mortality (HR: 0.56;
95% CI: 0.33 to 0.96).51 A Danish study showed that the odds ratio for
coronary artery disease off cholesterol-lowering medication was 13.2
(95% CI 10.0–17.4) in definite/probable FH compared with non-FH sub-
jects, after adjusting for other risk factors and the corresponding ad-
justed odds ratio for coronary artery disease in FH subjects on
cholesterol-lowering medication reduced to 10.3 (95% CI 7.8–13.8).53

Ezetimibe

Ezetimibe is a cholesterol-lowering medication that acts by
inhibiting enteric absorption via binding to Niemann-Pick C1-Like 1
(NPC1L1) protein.54 Ezetimibe reduces LDL-C by around 18%.54 The
combination of statin and ezetimibe promotes additive LDL-C reduction
by acting on both exogenous (ezetimibe) and endogenous (statin)
pathways of cholesterol metabolism. Although the ENHANCE study
did not show a reduction in cIMT associatedwith ezetimibe/simvastatin
in patients with FH,47, the IMPROVE-IT study later proved the clinical
benefit of this association by demonstrating a reduction in CVD out-
comeswith the ezetimibe 10mg/simvastatin 40mg combination versus
placebo/simvastatin 40mg in patients after acute coronary syndrome.55

Due to its safe profile, low-cost and efficacy combined to statin,
ezetimibe should be the second option after statin if FH subjects still
need additional lipid lowering medication.

PCSK9 inhibitors

PCSK9 became a focus of interest after genetic studies showed that
patients with PCSK9 gain of function mutations had an FH phenotype56

and patients with loss of function of this protein had lower LDL-C and
lower CHD risk.57

Inhibition of PCSK9 reduces plasma LDL-C levels by reducing LDLR
degradation as previously described.57The main technology used for
PCSK9 inhibition are monoclonal antibodies. PCSK9 monoclonal anti-
bodies are administered subcutaneously and bind to circulating
PCSK9. The PCSK9/monoclonal antibody complex is furthermetabolized
to the reticuloendothelial systemwith consequent reduction in circulat-
ing PCSK9 levels.

Monoclonal antibodies can be humanized (3% murine and 97%
human) or fully human. The representative of the first category was
bococizumab, which, although initially effective in reducing LDL-C,
showed progressive loss of function caused by the production of neu-
tralizing antibodies.58 Such occurrence led to non-commercialization
of this medication. However, in Studies of PCSK9 Inhibition and the Re-
duction of vascular Events (SPIRE) program, the subgroup of statin-
treated cardiovascular FH subjects had a similar magnitude of risk re-
duction for hard CVD events with bococizumab as did patients without
FH,with no evidence of statistical heterogeneity between groups for FH:
HR 0.83; 95% CI 0.44–1.54 and for non FH: HR 0.79, 95% CI 0.64–0.97; p
for heterogeneity between groups: 0.87.52

Two fully human monoclonal antibodies are currently on the mar-
ket: alirocumab (75–150 mg every 2 weeks or 300 mg once a month)
and evolocumab (140 mg every 2 weeks or 420 mg once a month),
this one also approved for homozygous FH.58 Both PCSK9 inhibitors
demonstrated efficacy in reducing CVD outcomes in very high-risk
populations.59,60 Previous studies in FH populations showed that both
medications were found to significantly reduce LDL-C by N50–60% and
also support a lower rate of lipid apheresis in FH patients receiving a
PCSK9 inhibitor.61 In 2017 the ESC/EAS Task Force published a practical
clinical guidance for PCSK9 inhibition (Table 3).62 They recommend that
PCSK9 inhibitors persist with high LDL-C levels and high CVD risk.

Other therapies for severe FH forms

Lomitapide and until recently mipomersen (this drug had is approval
suspended in August 2019 due to commercial problems and low



Table 3
Recommendations for PCSK9 inhibitor use in FH patients according to the European Soci-
eties of Cardiology and Atherosclerosis (ESC/EAS).61

Additional indices of risk severity

a) Clinical ASCVD with LDL-C N100
mg/dL

Diabetes mellitus with target organ
damage or with a major risk factor;
lipoprotein(a) N50 mg/dL; major risk
factors: smoking, marked hypertension;
N40 years of age without treatment;
premature ASCVD in first-degree
relatives; imaging indicators of
subclinical disease.

b) Primary prevention and no additional
indices of risk severity with LDL-C
N180 mg/dL

c) Primary prevention with additional
indices of risk severity and LDL-C
N140 mg/dL
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tolerability) are alternatives for refractory homozygous FH patients.1 Li-
poprotein apheresis when available remains a robust procedure for LDL-
C and Lp(a) lowering in severe forms of FH.63

What we can do to improve care of FH?

Awareness and diagnosis

Less than 1% of FH subjects are diagnosed inmost countries. The few
exceptions are 71% diagnosed in theNetherlands, 43% inNorway, 19% in
Iceland, 13% in Switzerland, 12% in the UK, and 6% in Spain.9 A sub-
analysis of the “Ten Countries Study” done in Asia-Pacific and Southern
Hemisphere showed that in most participating countries b3% of FH
cases were diagnosed.10 There was a gradient with lesser diagnosis in
less developed regions of the world in comparison with the UK.

The best approach for the underdiagnosis issue is improving system-
atic cholesterol screening. The cascade testing of family members of
known index cases of FH is cost-effective in detecting FH but this re-
quires identification of index cases.1 Consistent with this, both system-
atic and opportunistic detection strategies for FH screening should be
developed and incorporated in the health system of each country.

An example of screening program was previously published with
children 1 to 2 years of age during routine immunization visits.64 The
authors obtained capillary blood samples to measure cholesterol levels
and to test for familial hypercholesterolemia mutations in 10,095 chil-
dren. They identified 40 children who had positive screening results
for familial hypercholesterolemia (0.4% of the children, including 32
children who had a FH mutation and 8 who did not have the mutation
but had high cholesterol level) and 40 parents who had positive screen-
ing results for FH. The overallmutation prevalencewas1 in 273 children
(37 in 10,095; 95% CI, 1 in 198 to 1 in 388).

A previous study already showed that using genetic testing plus
measurement of LDL-C and treatment with statins, is a cost-effective
means of preventing CHD in families at risk of FH.65 The main problem
is access to genetic testing because it is not yet widely available in
most countries. However, physicians should consider FH diagnosis if
LDL-C is N190 mg/dL in adults and/or N160 mg/dL in children, mainly
if premature CHD is positive in relatives. Clinical diagnostic criteria
should be applied, and lipid profile of first-degree relatives must be
verified.

Improving treatment

Besides being underdiagnosed, FH subjects also are undertreated. An
example of this factwas shown amongUS adults participating at theNa-
tional Health and Nutrition Examination Survey.11 In this study FH was
diagnosed using themodified version of the DLCN criteria to identify in-
dividuals having definite or probable FH. Statin use was disturbingly
low; only 52.3% of adults with definite/probable FH were on a docu-
mented statin. Less than half of those on statins (30.3% for definite/
probable FH) were prescribed a higher-intensity statin. Data from a
multinational, cross-sectional, observational study also included partic-
ipants with definite or probable FH according to DLCN criteria.66 They
showed that most were receiving statins (99%). However, of these,
57.6% were on high-intensity statin therapy, and 13.0% used a statin as-
sociated with a cholesterol absorption inhibitor. Only 32.0% of patients
achieved their LDL-C target.66 In the SAFEHEART cohort although
71.8% of FH subjects were on maximal lipid lowering therapy, an LDL-
C treatment target b100mg/dL was reached by only 11.2% of patients.67

How to change this scenario? First of all, increased use of high-
intensity statins and combined therapy with ezetimibe should be
established in FH care. In this aspect, education of patients about this
disease and treatment safety should be reinforced to improve adher-
ence in particular to high dose of medications. Second, physician inertia
to treat FH patients and accommodate with high LDL-C levels should be
attenuated with medical education. Third, improve ASCVD risk stratifi-
cation in the FH population in order to select those who will most ben-
efit from more intensive lipid lowering therapy, in particular with
PCSK9 inhibitors. Unfortunately, high cost of these medications still is
a strong barrier for their access especially in developing regions of the
world. A recently published study with real-world observational data
indicate that access to PCSK9 inhibitors has an important impact on car-
diovascular outcomes in the patients with high risk who are prescribed
these medications.68 In this study the HRs for composite cardiovascular
events outcome in propensity score-matched analyses were 1.10 (95%
CI, 1.01–1.19; p = 0.02) for rejected versus paid PCSK9 inhibitor and
1.12 (95% CI, 1.01–1.24; p = 0.03) for abandoned versus paid PCSK9
inhibitor.68 Another worrying finding in this study is that higher
PCSK9 inhibitor rejection rates were observed with women, racial mi-
norities, and lower-income groups. The correct identification of FH sub-
jects that most benefit from PCSK9 inhibitors will improve cost
effectiveness of this medication and bring strong arguments for payers.

Conclusions

Although there has been great evolution in FH knowledge and treat-
ment modalities in the last decade, the reality evolving its care is far
from ideal. Public health policies for improving diagnosis, cascade
screening and treatment should be implemented. Physician and pa-
tients' education programs could in part attenuate the problems around
FH care.
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