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ARTICLE INFO ABSTRACT

KeyVY?TdSI ) Familial hypercholesterolemia (FH) is a common genetic cause of elevated low-density lipoprotein choles-
Familial hypercholesterolemia terol (LDL-C) due to defective clearance of circulating LDL particles. All FH patients are at high risk for
IEDL&,C | premature cardiovascular disease (CVD) events due to their genetically determined lifelong exposure to
R?Srkmvascu ar high LDL-C levels. However, different rates of CVD events have been reported in FH patients, even among
Predictor those with the same genetic mutations and comparable LDL-C levels. Hence, additional CVD risk modi-
Genetic fiers, beyond LDL-C, may contribute to increase CVD risk in the FH population. In this review, we discuss
Phenotype the overall CVD risk burden of the FH population. Additionally, we revise the prognostic impact of several
traditional and emerging predictors of CVD risk and we provide an overview of the role of specific tools

to stratify CVD risk in FH patients in order to ensure them a more personalized treatment approach.
© 2020 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license. (http://creativecommons.org/licenses/by/4.0/)
Introduction determined high LDL-C levels in the accelerated atherosclerosis

Familial hypercholesterolemia (FH) is a frequent genetic dis-
ease characterized by a lifelong elevation of low-density lipopro-
tein (LDL) cholesterol (LDL-C) levels that has been unequivocally
associated with a premature atherosclerosis onset and an increased
risk of cardiovascular disease (CVD) [1-3]. Despite LDL-C elevation
being unequivocally the main determinant of CVD risk in FH, a
significant variability in the incidence of CVD events has been re-
ported in FH patients, even among those carrying the same genetic
mutations and comparable LDL-C levels [4,5]. In addition, some
FH patients may experience premature CVD events despite receiv-
ing maximal lipid-lowering therapy, while others do not develop
symptomatic CVD despite having marked LDL-C elevation [6]. In-
deed, without questioning the central causal role of the genetically
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progression in the FH population, it is plausible that a complex in-
terplay of multiple CVD risk modifiers beyond LDL-C, including en-
vironmental and genetic factors, may represent potential variables
explaining the variability of CVD manifestations in FH patients.

Some traditional CVD risk factors, either modifiable or not, are
highly prevalent in FH patients and have been independently as-
sociated with CVD risk in the FH population [6]. Moreover, some
genetic factors beyond FH-causing mutations, such as single nu-
cleotide polymorphisms (SNPs) or genetic variants in different
genes either controlling lipoprotein metabolism or not and telom-
ere length in somatic cells, have been shown to predict the FH
phenotype and CVD prognosis. Finally, some circulating molecules,
which variably contribute to modulate atherosclerosis progression,
have been described as surrogate markers of CVD risk in the FH
population [7] (Fig. 1).

Given the high heterogeneity of phenotypic expression of FH,
it would be desirable for the intensity of cholesterol-lowering
therapeutic strategies to be calibrated according to the individual
atherosclerotic burden and CVD risk, by reserving the most effec-
tive and expensive drugs for patients with higher CVD risk. The
assessment of atherosclerotic burden through several instrumental
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Fig. 1. Traditional and emerging predictors of CVD risk beyond LDL-C in FH. In the FH population, the risk of future CVD events has been reported to be predicted by
multiple variables beyond LDL-C, including traditional CVD predictors, genetic parameters other than FH-causing mutations, some biomarkers of different biological functions
and indices of subclinical and clinical vascular injury. CAC, coronary artery calcium; CD14, monocyte differentiation antigen; C1QB, complement C1q subcomponent subunit
B; C4B, complement protein 4B; cIMT, carotid intima-media thickness; CT, computer tomography; CVD, cardiovascular disease; FH, familail hypercholesterolemia; FMD, flow
mediated dilation; HDL, high-density lipoprotein; HDL-C, high-density lipoprotein cholesterol; HRG, histidine-rich Q11 glycoprotein; hsCRP, high-sensitivity C-reactive protein;
IL-6, interleukin-6; ITIH3, inter-alpha-trypsin inhibitor heavy chain H3; LRG1, leucine-rich alpha-2-glycoprotein; MRI, magnetic resonance; PWV, pulse wave velocity; SNPs,

single nucleotide polymorphisms; TNF-«, tumor necrosis factor-a.

indices of vascular injury, which may provide comprehensive
information on the cumulative individual exposure to different
CVD risk factors, has been suggested as a helpful tool to refine
CVD risk stratification in FH patients. However, the development
and validation of proper FH-specific algorithms for CVD risk strati-
fication integrating the prognostic information from plasma LDL-C
levels with that provided by the assessment of additional CVD risk
modifiers and indices of vascular injury may be crucial to ensure
a more accurate CVD risk estimation [7]. Recently, some clinical
and genetic CVD risk scores specific to FH population have been
proposed. However, they should be rigorously validated before
their clinical application is recommended.

In this state of the art review, we discuss the overall burden of
CVD risk in FH patients and we revise the most current knowledge
about the prognostic impact of different traditional and emerging
predictors of CVD in the FH population. In addition, we provide an
overview of the currently available tools for CVD risk stratification
in this population.

FH: Genetic, epidemiological and clinical aspects

To date, four main FH-causing genetic mutations, with either
autosomal dominant or autosomal recessive patterns of inheritance
have been described. Autosomal dominant FH has been associated
with high-penetrance genetic mutations in three different genes
(i.e., loss-of-function mutations in low-density lipoprotein recep-
tor [LDLR] and apolipoprotein B [APOB] genes and gain-of-function
mutations in the proprotein convertase subtilisin/kexin type 9
[PCSK9] gene) [8,9]. Different mutations in one allele of these genes
lead to the heterozygous FH (HeFH) phenotype, whereas two mu-
tated alleles in the same gene cause the more severe homozygous
FH (HoFH) phenotype. In addition, when one allele in two differ-

ent genes is mutated the condition of double heterozygosis oc-
curs, which leads to an intermediate phenotype between HeFH and
HoFH. In contrast, compound heterozygosis is defined by the pres-
ence of two different mutations in two alleles of the same gene;
this latter condition is similar to the HoFH phenotype. An addi-
tional rare FH genetic variant, autosomal recessive FH, has been
described; this condition is due to mutations in the LDLR adaptor
protein 1 (LDLRAP1) gene that encodes for a protein that promotes
the internalization of the LDLR/LDL complex [10].

HeFH is estimated to affect approximately 1 in 225-500 per-
sons worldwide. In contrast, the estimated worldwide prevalence
of HoFH is between 1:300,000 and 1:1000,000 [1,11]. However, in
some populations, including French Canadians, Lebanese and South
Afrikaners, higher prevalence rates have been reported due to ge-
netic founder effect [1].

In HeFH patients, plasma LDL-C levels range from 5 to
13 mmol/L (from 190 to 500 mg/dL), and coronary heart disease
typically occurs before 55 years in men and before 60 years in
women [12]. In the HoFH population, plasma LDL-C levels are com-
monly above 13 mmol/L (500 mg/dL), and CVD clinical manifesta-
tions appear very early, even in the childhood [13].

The diagnosis of FH may be either clinical or genetic. The clin-
ical diagnosis is based on specific diagnostic criteria. The Dutch
Lipid Clinic Network Score (DLCNS) and the United Kingdom Si-
mon Broome Register criteria, which combine clinical, biochemical
and molecular genetic parameters, are the most commonly used
criteria for the diagnosis of HeFH [14]. An alternative, less specific,
diagnostic tool for the diagnosis of HeFH is the United States-Make
Early Diagnosis to Prevent Early Deaths (US-MEDPED), based only
on age-specific cut-off points for total cholesterol (TC) [15]. Clinical
diagnosis of FH is often made after a premature CVD event or af-
ter an incidental discovery of very elevated plasma LDL-C levels in
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patients with a family history of hypercholesterolemia and/or pre-
mature CVD events along with suggestive physical findings (e.g.,
tendon xanthomas and arcus cornealis). Current guidelines recom-
mend molecular genetic testing only to confirm a clinical diagnosis
of FH or as a part of a genetic screening program of first-degree
relatives of FH patients. Of note, up to 60% of the patients with
a clinical diagnosis of FH have no detectable genetic mutations
[16,17], which has led to hypothesize that their phenotype may
be due either to unknown FH-causing mutations or to a polygenic
predisposition to severe hypercholesterolemia [18].

FH: Therapeutic aspects

Current guidelines, with minor differences, recommend
treating FH patients to reach LDL-C targets <1.8-2.5 mmol/L
(70-100 mg/dL) for adults without CVD, <1.4-1.8 mmol/L (55-
70 mg/dL) for adults with CVD or diabetes and <3.5 mmol/L
(135 mg/dL) for children [19-22]. Cholesterol-lowering pharma-
cotherapy is required in FH patients to reach these LDL-C targets
and should start as early as possible after the diagnosis (in chil-
dren, drug initiation is recommended after 8-10 years of age).
Lifestyle interventions, including a low-fat diet, physical activity
and smoking cessation, along with the treatment of additional
CVD risk factors, are strongly recommended in association with
cholesterol-lowering therapy. Several pharmacological options are
currently available for the treatment of HeFH, including statins,
ezetimibe, and anti-PCSK9 monoclonal antibodies. High-potency
statins are the first-choice drugs for HeFH patients [19]. However, a
combination of additional drugs is often required to reach recom-
mended LDL-C targets specific to the FH population [19]. To treat
HoFH, additional pharmacological strategies have been approved,
including lomitapide (i.e., a microsomal triglyceride transfer
protein [MTP] inhibitor) and mipomersen (i.e., an antisense
oligonucleotide that triggers the degradation of APOB mRNA by
binding to its coding region) [19]. Novel cholesterol-lowering ther-
apies, including inclisiran (i.e., a short interfering RNA molecule
that inhibits the intracellular synthesis of PCSK9), evinacumab (i.e.,
a monoclonal antibody against angiopoietin-like 3 [ANGPTL3]), and
bempedoic acid (i.e., a citrate lyase inhibitor) may represent future
therapeutic strategies for the treatment of FH [19]. In addition,
cell- and gene-based therapies are currently under investigations
as possible therapeutic options for FH [23]. Clear evidence of their
efficacy and safety is expected from the results of phase 3 studies.

Magnitude of CVD risk in FH populations

In the last decades, a number of observational studies with dif-
ferent designs, data sources, and sample sizes have estimated the
CVD risk in the FH population [24,25]. Overall, these studies have
provided variable results regarding the magnitude of the prognos-
tic impact of FH on CVD risk; in addition, the reliability of these
results is sometimes limited by methodological issues.

In some studies, the inclusion of FH patients with a history of
previous CVD events may have contributed to an overestimation of
the CVD risk. Moreover, higher CVD risk estimates were reported
in studies that included both HoFH and HeFH patients, possibly
because of a greater affect of FH homozygosity than heterozygosity
on CVD risk. In some studies, the exclusive assessment of either fa-
tal CVD outcomes or cardiac outcomes, may have concurred to an
underestimation of the CVD risk. Moreover, in some studies lower
CVD risk estimates were reported due to the pooling of treated and
untreated FH patients. Finally, underestimation of the relative CVD
risk in the FH population might be expected in case-control stud-
ies, due to the possible inclusion of undiagnosed HeFH patients in
the control groups. The latter issue is relevant in the light of the

extremely high rate of undiagnosed HeFH patients in the general
population [26] (Fig. 2).

Notably, registries have provided the most abundant evidence
for CVD risk estimation in FH patients [25-30]. Most registries
have enrolled FH patients without a history of previous CVD
events, either treated with lipid-lowering therapies or not, whereas
few of them have evaluated treated FH patients with a history
of previous CVD events. Among untreated FH patients, Mabuchi
et al. described a 10.9-fold increased proportional mortality ra-
tio for coronary heart disease [25,27]. Among treated FH patients,
lower risk estimates emerged in primary prevention groups than
in secondary prevention groups. Thus, for instance, the standard-
ized mortality ratio for coronary heart disease ranged from 1.03,
among FH subjects without previous CVD events (primary pre-
vention) [25,29], to 5.15 in FH patients with previous CVD events
(secondary prevention) [25,30]. Overall, the strength of these stud-
ies results from their large sample size, due to their convenient
and easy methods of recruiting. However, registry-derived data are
known to be susceptible to selection, detection and performance
biases, which may reduce the reliability of their CVD risk estima-
tion [25].

A few hospital- and family-based studies of European FH pa-
tients on lipid-lowering therapy and without a history of previ-
ous CVD events have been performed [24,25]. In these studies,
the standardized mortality ratio for fatal events ranged from 1.32
to 2.88 [4,25,31]. Compared with registries, hospital- and family-
based studies are characterized by a lower performance bias. How-
ever, their high selectivity inclusion criteria and small sample size
expose them to a high degree of selection bias, limiting the gener-
alizability of their results.

Population-based studies may be considered to provide the
most reliable data, due to their large sample size and a very low
selection bias. To our knowledge, only one population-based study,
which enrolled 69,016 individuals from the Danish general popu-
lation, that is the Copenhagen General Population Study, examined
the CVD risk and its determinants in FH patients [32]. This study,
by comparing FH patients with non-FH patients, reported signif-
icant odds ratios for coronary artery disease of 10.3 and 13.2 in
subjects treated and not treated with lipid-lowering therapy, re-
spectively. The systematic review of Wong et al. used a predefined
quality check list and described this study as that currently pro-
viding the most credible estimate of the increased CVD risk in FH
patients [25]. From its reported odds ratios (ORs) a CVD event rate
ratio (FH patients versus non-FH patients) of 7.1 (95% ClI: 5.7-8.7)
was calculated by Villa et al. [33]. The main limitation to the re-
liability of this high-quality population-based study concerns the
fact that its results are not generalizable to other European non-
Danish and non-European populations. Thus, further population-
based studies are warranted to confirm the magnitude of its CVD
risk estimation (Fig. 2).

Traditional predictors of CVD in FH

Different traditional predictors of CVD risk, including a family
history of CVD, a personal history of previous CVD events, age, gen-
der, smoking, hypertension, type 2 diabetes, high-density lipopro-
tein (HDL) cholesterol (HDL-C), triglycerides, small dense LDLs, and
lipoprotein(a) [Lp(a)], have been investigated as potential predic-
tors of atherosclerotic burden and/or CVD prognosis in the FH pop-
ulation [6,34] (Fig. 1).

Available evidence indicates that a family history of CVD event
in first-degree or second-degree relatives of FH patients and a per-
sonal history of previous CVD events in FH patients may confer
a higher CVD risk. In a family-based study of CVD risk and its
predictors in HeFH, the standardized mortality ratio in patients
with a family history of premature coronary artery disease was
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significantly higher than that of patients with a negative family
history [35]. In a recent time-dependent analysis assessing CVD
risk in a cohort of 821 HeFH patients on lipid-lowering therapy,
patients who developed a CVD event more often had a family his-
tory or a personal history of premature CVD [6]. A registry-based
study of 781 patients with a clinical or genetic diagnosis of HeFH
observed that a personal history of previous CVD events was asso-
ciated with a higher risk of subsequent CVD events [36].

Age is one of the strongest independent predictors of CVD risk
in the HeFH population. Although FH patients of all ages are at
higher CVD risk than the general population, a recent systematic
review of 17 observational studies estimating CVD risk in patients
with FH reported the highest standardized mortality ratio among
HeFH patients aged 20-39 years old [24]. Consistent with this re-
sult, in a Norwegian cohort of FH patients, the highest excess in-
cidence of CVD events, compared with that of the total Norwegian
population, was in the group aged 25-39 years [37]. The finding
of a higher CVD risk in this age group may be attributable both to
the increase of CVD risk with increasing age in individuals without
FH and to the high early mortality of patients with FH.

Whether gender is an independent predictor of CVD in the
HeFH population is debated [38]. Overall, data on FH women at
any age are less abundant than data on FH men [39,40]. Nonethe-

less, some studies examined the CVD risk separately in FH men
and women, while other studies compared the CVD risk between
FH men and women. Some studies showed a higher CVD risk in FH
men, whereas others found either no significant difference in the
CVD risk between FH men and women [32] or a higher CVD risk
in FH women as compared to FH men [41].

In longitudinal studies, smoking was reported as an indepen-
dent predictor of CVD risk in HeFH patients [42,43]. Moreover, in a
cohort of 2400 individuals with FH, smoking cessation was associ-
ated with a linear pattern of risk reduction with time [44].

Consistent evidence shows that hypertension is associated with
an increased CVD risk in the FH population. Accordingly, a higher
prevalence of hypertension was reported in FH patients with di-
agnosed CVD than in those without CVD [34,45-47]. Furthermore,
hypertension was described as an independent predictor of CVD
events in patients with HeFH [30,34,45,46].

The contribution of type 2 diabetes to CVD risk in the FH pop-
ulation is not clear. Accordingly, some studies reported a lower
prevalence of type 2 diabetes in FH patients than in controls and a
lower prevalence of type 2 diabetes in patients with severe FH (de-
fined by a diagnosed LDLR-negative mutation) than in those with
non-severe FH (defined by either a diagnosed APOB mutation or an
LDLR-defective mutation) [47,48]. However, in a retrospective study
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type 2 diabetes was reported as an independent CVD risk predictor
in both FH men and women [42].

Low plasma HDL-C levels and a high TC/HDL-C ratio are asso-
ciated with an increased risk of CVD events in the FH population
[49]. However, robust evidence showing that low HDL-C levels pre-
dict the CVD risk in FH patients irrespective of other CVD risk fac-
tors is lacking.

There is no evidence of an independent direct association be-
tween plasma levels of triglycerides/triglyceride-rich lipoproteins
and either atherosclerotic burden or CVD risk in the FH popula-
tion. Indeed, a non-significant trend toward an increase of plasma
triglycerides levels was observed in FH children with first-degree
relatives reporting a history of premature CVD events as com-
pared to those having premature CVD event-free kindreds [50].
In addition, in a cohort of 282 subjects with clinically diagnosed
FH, plasma triglyceride levels did not predict coronary artery
disease independently of other CVD risk factors [51]. Moreover, in
a retrospective study enrolling 725 individuals with an FH-causing
mutation a genetic risk score for plasma triglycerides was not
significantly associated with coronary artery disease nor with CVD
events [52].

Based on available evidence, small dense LDLs do not indepen-
dently predict atherosclerotic burden in FH patients [53,54]. In-
stead, there are no data on the association between LDL particle
size/density and CVD risk in the FH population.

Increased plasma concentrations of Lp(a) are detectable in
about 30-50% of patients with FH [55] and consistent evidence
supports the notion that they may significantly affect CVD risk in
the FH population [56-60]. In fact, elevated levels of Lp(a) have
been reported to independently predict coronary artery disease in
genetically confirmed FH patients [46,56-59]. In addition, serum
levels of Lp(a) have been reported to be significantly higher in FH
patients with early CVD events than in those with late or no CVD
events [57] (Fig. 2).

Other CVD risk modifiers in FH

Recently, several potential CVD risk modifiers in FH patients
have been described, including multiple genetic parameters be-
yond FH-causing mutations, as well as different parameters of
HDL composition and function, inflammation, oxidative stress and
hemostasis (Fig. 1).

Genetic parameters

Several lines of evidence indicate that different genetic parame-
ters, including FH-causing mutations, such as SNPs or genetic vari-
ants in different genes either controlling LDL metabolism or not
and telomere length in somatic cells, may influence the disease
phenotype and CVD risk in FH patients. In a study by Khera et al.
[61] patients with severe hypercholesterolemia carrying an identi-
fied FH-causing mutation had an increased CVD risk as compared
to mutation negative patients with severe hypercholesterolemia
(likely including also FH patients carrying unknown monogenic or
polygenic mutations), suggesting that mutation status beyond LDL-
C may influence CVD prognosis in the FH population. Among FH
patients with positive genetic testing, the impact of different FH-
causing genetic mutations (LDLR mutations versus either APOB or
PCSK9 mutations) on the severity of the disease phenotype and
CVD risk is not clear [62,63]. Regarding LDLR mutations, a higher
risk of premature atherosclerotic disease was observed in FH pa-
tients carrying LDLR-negative mutations than in those carrying
LDLR-defective mutations [64]. Overall, whether genetic testing for
FH-causing mutations may provide prognostic information poten-
tially contributing to a more accurate CVD risk stratification in the
FH population needs to be further investigated.

Various SNPs and other genetic variants of genes affecting
lipoprotein metabolism, oxidative stress, inflammatory response,
renin angiotensin aldosterone system (RAAS), coagulation, expres-
sion of red blood cell antigens and other biological functions, have
been associated with an increased CVD risk in the FH population.

In a recent study of Japanese HeFH patients carrying an
LDLR mutation, a gain-of-function genetic variant (rs186669805)
of PCSK9 was associated with an increased prevalence of coronary
artery disease [65]. The Taq1B polymorphism of the cholesteryl es-
ter transfer protein (CETP) gene was reported as a significant pre-
dictor of CVD events in statin-treated HeFH patients [66]. In a pop-
ulation of 221 HeFH patients and 349 FH relatives with diagnosed
LDLR mutations, a higher prevalence of the 54TT genotype of the
fatty acid-binding protein 2 (FABP-2) gene was reported among pa-
tients with coronary artery disease [67]. Two genetic variants of
the ATP-binding cassette sub-family G member 8 (ABCG8) gene
were associated with a higher CVD risk in FH patients [68]. The E4
genotype of the apolipoprotein E (APOE) gene was associated with
an increased CVD risk in FH patients [69]. In addition, the N291S
genetic variant of the lipoprotein lipase (LPL) gene was associated
with a higher risk of CVD in FH patients [70] (Fig. 2).

Carrying the rs11053646 (or K167N) genetic variant of the ox-
LDL receptor 1 (OLR1) gene was associated with a three-fold in-
creased risk of coronary events in HeFH patients, irrespective of
other CVD risk factors [71]. In a population of 197 Caucasian
FH patients, the frequency of the Ser311 polymorphism in the
paraoxonase 2 (PON2) gene was significantly higher in the sub-
group of patients with clinical manifestations of CVD [72]. Ge-
netic variants of 5-lipoxygenase-activating protein (ALOX5AP) gene,
encoding for a protein involved in the biosynthesis of proinflam-
matory leukotrienes, were associated with an increased CVD risk
in a cohort of 1817 FH patients [73]. FH patients carrying five
or six SNPs of several genes affecting RAAS were demonstrated
to have a 2.3-fold higher risk of coronary heart disease than
FH patients with none or only one genetic variant [74]. The DD
genotype of the angiotensin converting enzyme (ACE) gene was
associated with an increased CVD risk in HeFH patients [75]. Re-
cently, in a population of 668 FH adults with diagnosed LDLR mu-
tations, the rs579459 SNP associated with the presence of the Al
antigen on red blood cells was linked with a 2-fold higher CVD
risk than that of individuals with the functional rs514659 SNP
associated with the expression of the O blood group [76]. The
G20210A polymorphism of the gene encoding for prothrombin was
strongly associated with an increased CVD risk in a large FH cohort
[77]. In addition, carrying the rs1333047 SNP of the 9p21.3 locus
was described as a significant genetic risk factor for atheroscle-
rotic CVD in FH patients, independent of traditional CVD risk
factors [78,79].

In contrast, other SNPs and genetic variants of various genes
affecting the lipoprotein metabolism, innate immunity and cell
motility have been associated with a lower CVD risk in FH pa-
tients. For instance, FH patients carrying the CC genotype of the
rs1061170 variant of the complement factor H (CFH) gene were re-
ported to be protected against CVD [80]. The rs12526453 SNP of
the phosphatase and actin regulator 1 (PHACTR1) gene, encoding
for a protein that binds actin and regulates the reorganization of
the cytoskeleton, was associated with a 50% reduction in the risk
of CVD events in FH patients [81]. The K allele of the R219K poly-
morphism of the ATP-binding cassette transporter A1 (ABCA1) gene
was associated with a lower risk of premature coronary artery dis-
ease in HeFH patients [82] (Fig. 2).

Overall, these findings support the suggestion that screening
for these genetic variants may help to obtain a more precise
CVD risk estimate [18]. However, future studies should evalu-
ate the utility of this approach for CVD risk stratification in FH
patients.
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Finally, telomere length in somatic cells is an emerging genetic
parameter that might be useful for the identification of FH patients
with a more severe disease phenotype and a higher CVD risk.
Telomeres are nucleotide sequences located at the end of chromo-
somes [83]. In physiological conditions, shortening of telomeres
occurs during cellular mitosis and cellular telomerases counteract
this process by adding telomeric DNA to shortened chromosomes,
thus preserving chromosome structure, genomic consistency and
normal cellular function. However, telomerase activity is not
100% effective and somatic cells variably undergo a progressive
shortening of their telomeres in parallel with the number of their
replication cycles [83]. Thus, from a biological perspective, shorter
telomere length may be considered a genetic measure of cellular
senescence. In pathological conditions, the shortening of telom-
eres may be accelerated due to molecular pathways that impair
telomerase function [84]. For example, several cardiometabolic
risk factors, including type 2 diabetes, obesity, hypertension and
inflammatory conditions, have been associated with shorter telom-
eres [84]. Recently, in a population of adult Americans, shorter
telomere lengths of replicating somatic cells were reported in
HeFH patients than in non-FH hypercholesterolemic patients [85].
This suggests that telomere length might be a potential feature of
HeFH as well. 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 patient has not been investigated. Future
studies should address this issue, to clarify whether this genetic
parameter may be useful for CVD risk stratification in the HeFH
population (Fig. 2).

Other parameters

Several parameters of HDL composition and function, inflam-
mation, oxidative stress and haemostasis may be useful for CVD
risk stratification in the FH population. The presence of HDL par-
ticles with abnormal lipid composition (e.g., triglyceride and sph-
ingomyelin enrichment) was reported to differ between FH pa-
tients and normolipidemic subjects [86]. Specifically, a lower trans-
fer of unesterified cholesterol and a higher transfer of triglycerides
and phospholipids to HDL particles from LDLs have been described
in FH patients as compared to normolipidemic patients, due to
continuous interactions between HDLs and high concentrations of
LDLs [86]. Because entry of unesterified cholesterol into HDLs has
a crucial role for reverse cholesterol transport (RCT), such qualita-
tive changes in HDL composition may contribute to impair RCT and
increase atherogenesis in FH patients. In addition, different param-
eters of HDL function, including cholesterol efflux capacity, anti-
oxidant and anti-inflammatory activities have been reported to be
defective in FH patients, reflecting a lower HDL-mediated athero-
protective activity [87]. To our knowledge, no studies have investi-
gated the relationship between HDL qualitative and functional ab-
normalities and CVD risk in FH patients. Thus, future studies are
warranted to assess whether HDL abnormalities in FH might pro-
vide additional prognostic information for CVD risk stratification
[87,88].

Inflammation has been suggested as a crucial pathogenic path-
way for atherosclerosis progression in the FH population [89]. Ac-
cordingly, higher levels of different inflammatory mediators, in-
cluding high-sensitivity C-reactive protein (hsCRP), interleukin-6
(IL-6) and tumor necrosis factor (TNF)-«, have been reported in
untreated FH patients than in controls [90-93]. However, it is
not clear as to whether a pro-inflammatory status may persist in
FH patients even after initiation of cholesterol-lowering therapies
[92,93]. Only small observational studies have examined a possi-
ble correlation between systemic inflammation and CVD risk in FH
patients, with inconsistent results [94,95]. Thus, further studies are

needed to elucidate if the use of hsCRP and other biomarkers of
systemic inflammation may be a valuable option for CVD risk strat-
ification in FH patients.

Another pathogenic mechanism involved in atherosclerosis
development and progression in FH patients is oxidative stress.
FH is characterized by an increased generation of pro-atherogenic
oxidized LDLs (oxLDLs), reactive oxygen species (ROS), malondi-
aldehyde and isoprostanes [96]. OXLDLs promote atherosclerosis
by exerting immunogenic and pro-inflammatory effects [97].
However, the predictive value of circulating oxLDLs in the identi-
fication of FH patients with increased atherosclerotic burden and
at higher CVD risk is uncertain [98]. ROS may induce oxidative
injury of the arterial wall and promote atherosclerosis by reducing
antioxidants, upregulating pro-inflammatory molecules, promoting
the expression of adhesion molecules on endothelial cell surface
and inducing foam cell generation from macrophages [99,100]. In
previous studies, some oxidative stress biomarkers (e.g., lipid hy-
droperoxides, plasma malondialdehyde and urine F2-isoprostanes)
were shown to predict CVD risk in hypercholesterolemic patients
[101]. Thus, the measurement of these biomarkers might also con-
tribute to CVD risk stratification in FH patients. However, further
studies specifically addressing this issue are warranted (Fig. 2).

Hemostasis disturbances may potentially contribute to increase
the risk of future CVD events in FH patients. Thus, higher platelet
volume, activation and aggregability were found in FH patients. In
addition, increased levels of factor VIII and fibrinogen were ob-
served in FH as compared to non-FH individuals [102].

Finally, novel biomarkers have emerged with potential utility
for the identification of FH patients at higher CVD risk. To this
regard, six proteins identified through highly sensitive proteomic
techniques (i.e., leucine-rich alpha-2-glycoprotein [LRG1], inter-
alpha-trypsin inhibitor heavy chain H3 [ITIH3], complement pro-
tein 4B [C4B], complement C1q subcomponent subunit B [C1QB],
monocyte differentiation antigen [CD14]| and histidine-rich Q11
glycoprotein [HRG]) have been reported to be inversely associated
with atherosclerotic burden in statin-treated FH patients [103]. It
is likely that these six molecules may exert an atheroprotective ef-
fect in the pathogenesis of vascular damage in FH patients. There-
fore, the measurement of these circulating biomarkers might pro-
vide some clinical utility for a more accurate CVD risk stratification
among FH patients. However, further studies should evaluate this
issue (Fig. 2).

Tools for CVD risk stratification in FH

Assessment of vascular injury has been proposed as a helpful
tool to refine CVD risk stratification in FH as it may provide an op-
portunity to quantify the individual cumulative lifetime exposure
to multiple factors either promoting or reducing the vulnerability
to atherosclerosis. However, a more refined and complete tool for
CVD risk stratification in FH patients may be that of building spe-
cific algorithms providing an integrate measure of CVD risk by in-
corporating information on the strongest predictors of future CVD
events in this population.

Indices of vascular injury

Non-invasive indices of vascular injury, including both morpho-
logical and functional measures, might provide important clinical
tools for the identification of asymptomatic FH individuals with a
higher CVD risk who may be eligible for a more intense treatment
approach.

Regarding morphological measures of vascular injury, some re-
search indicates the utility of the ultrasound cIMT and other
carotid plaque measurements, computer tomography (CT)-based
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coronary artery calcium (CAC) quantification, and magnetic reso-
nance (MRI)-based study of aortic atherosclerotic plaques for CVD
risk stratification among FH patients without a history of symp-
tomatic CVD.

The ultrasound measurement of the cIMT, an index of subclin-
ical atherosclerosis, was reported to identify patients with severe
FH (patients carrying a receptor negative FH-causing mutation)
with a potentially higher risk for CVD events [104]. Moreover, other
morphological parameters of subclinical atherosclerosis derived
from carotid ultrasonography, including the three-dimensional
cIMT, which describes the vessel wall intima morphology, and the
cIMT variability, which describes the surface pattern of carotid
arteries, might provide valuable information for CVD risk stratifi-
cation among FH patients [105,106]. However, carotid ultrasound
markers describing atherosclerotic plaques (i.e., plaque number,
plaque score and percent area stenosis) have been reported to
be more sensitive than the ¢c-IMT for CVD risk prediction in FH
patients [107]. Among these markers, the carotid plaque score
(the sum of the maximal thickness of atherosclerotic plaques on
both near wall and far wall in the bilateral common and internal
carotid arteries) was shown to predict coronary artery disease in
FH patients [108,109].

In several studies, the CT-based evaluation of coronary artery
calcium (CAC) with the Agatston score, identifying the presence or
absence of coronary calcific atherosclerotic lesions, was reported as
a reliable modality to predict the risk of future CVD events in the
general population. Particularly, a CAC of 0 was associated with a
very low risk of future CVD events even in individuals exposed to
multiple CVD risk factors [110]. Recently, some prospective studies
have confirmed the utility of CAC score for the prediction of CVD
risk in the FH population, as well [111-113]. However, it should
be considered that the screening of young FH patients with the
CAC score may be challenging, as the prevalence of positive CAC
(CAC score >0) is likely to decrease with decreasing age of the
screened population and a higher number needed to screen may
be expected to detect a positive CAC among young FH patients as
compared to adult FH patients [114]. Therefore, the identification
of specific criteria to selectively recommend CAC scoring in the FH
population, possibly take into account age along with other CVD
risk modifiers, is warranted.

The MRI-based study of aortic atherosclerotic plaques was pro-
posed as a potential tool for CVD risk stratification in FH patients.
Among 36 genetically diagnosed FH patients on lipid-lowering
therapy without diagnosed CVD, a higher frequency of lipid-rich
plaques, detected through descending thoracic aorta MRI, was ob-
served than in unaffected controls [115]. In addition, their pres-
ence was associated with a family history of premature CVD events
[115].

Regarding functional measures of vascular injury, few clinical
studies with small sample sizes have investigated the association
between either endothelial dysfunction or arterial stiffness and
CVD risk in the FH population. Available data from cross-sectional
studies suggest that endothelial dysfunction, assessed as flow me-
diated dilation (FMD), may be a very early marker of vascular in-
jury in FH patients. Indeed, a greater impairment of FMD was re-
ported in FH children compared to matched controls [116,117]. In
addition, a more pronounced impairment of FMD was described in
FH children with a positive family history of premature CVD com-
pared to children with a negative family history [117]. Data about
the utility of arterial stiffness for the CVD risk stratification in the
FH population are inconsistent. Accordingly, in two cross-sectional
studies arterial stiffness did not differ significantly between FH pa-
tients and unaffected controls [116,118]. Conversely, a recent study
of 245 FH patients reported a significant independent associa-
tion between arterial stiffness, assessed by the brachial-ankle pulse
wave velocity (PWV), and CVD risk [119]. Further prospective stud-

ies are warranted to investigate the prognostic value of endothelial
dysfunction and arterial stiffness as markers of increased CVD risk
in the FH population.

Algorithms for the assessment of the cumulative prognostic impact of
CVD risk predictors

An accurate tool for the CVD risk stratification specific to a pop-
ulation should combine multiple independent predictors of CVD in
that population. In addition, it should be validated in that popu-
lation. Therefore, existing algorithms for CVD risk prediction that
were validated in general populations (e.g., the Framingham Risk
Score, the European SCORE risk charts and the Reynolds risk score)
are not adequate to assess the CVD risk in the FH population. Cer-
tainly, because of the lifelong elevation in LDL-C levels among FH
patients, they would vastly underestimate the real CVD risk in this
high-risk population.

The International Atherosclerosis Society (IAS) has proposed
a definition of severe FH (including both HeFH and HoFH), po-
tentially associated with a higher CVD risk, based on three cri-
teria (Table 1): 1) LDL-C levels at presentation (untreated LDL-
C) alone or in combination with other high-risk conditions (i.e.,
age >40 years without treatment, smoking, male gender, Lp(a)
>50 mg/dL [75 nmol/L], HDL-C levels <40 mg/dL [1 mmol/L], hy-
pertension, diabetes mellitus, family of history of early CVD in first
degree relatives [<55 years old in males and <60 years old in fe-
males], chronic kidney disease and body mass index >30 kg/m?);
2) the presence of advanced subclinical atherosclerosis (i.e., CAC
score >100 Agatston units or >75th percentile for age and gender,
plaques assessed with computed tomography angiography [CTA]
having >50% obstruction or non-obstructive plaques in more than
one vessel); and 3) the presence of clinically manifest atheroscle-
rotic CVD (Table 1) [120]. According to this definition, severe FH
is diagnosed when at least one of these three criteria is ful-
filled [120]. However, the utility and reliability of this defini-
tion for the identification of those FH patients with a more se-
vere phenotype and a potentially higher CVD risk has been ques-
tioned. In fact, by evaluating clinical characteristics of 1732 sub-
jects of the Dyslipidemia Registry of Spanish Arteriosclerosis So-
ciety, Pérez-Calahorra et al. showed that LDL-C >400 mg/dL but
not the IAS definition of severe FH was significantly associated
with the prevalence of CVD when adjusted for traditional CVD risk
factors [121].

Recently, two CVD risk prediction algorithms specific to HeFH
were proposed. The first, the Montreal-FH-SCORE (MFHS), emerged
in 2017 from a Canadian cross-sectional study of 670 adults carry-
ing an FH-causing LDLR mutation (Table 1) [122]. The MFHS com-
bined numerical values attributed to the five strongest indepen-
dent predictors of CVD in that population (i.e., age, gender, smok-
ing, hypertension, and untreated HDL-C levels) and was shown to
be an accurate tool for CVD risk prediction. Patients with a high
MFHS (>20) had a 10.3-fold higher risk of experiencing CVD events
than did patients with a lower MFHS. However, the MFHS was
developed to predict retrospectively prevalent, but not incident,
CVD events. In addition, it was validated in a small HeFH popula-
tion including only patients with FH-causing LDLR mutations. Thus,
its predictive accuracy needs to be evaluated in larger prospective
studies of HeFH patients also carrying non-LDLR mutations, before
it can be broadly applied to CVD risk prediction in HeFH patients.
The second risk prediction algorithm specific to HeFH patients, the
SAFEHEART Risk Equation, was developed from a large, long-term,
prospective study conducted in Spain (Table 1) [123]. In this study,
2404 adults with molecularly defined HeFH were observed for a
mean follow-up of 5.5 years. The SAFEHEART Risk Equation was
built by combining eight items (i.e., age, male gender, history of
previous CVD events, high blood pressure, increased body mass in-
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Table 1
CVD risk stratification tools specific to FH patients.

Proposed FH-specific CVD Items Validation setting CVD risk measure Ref.
risk stratification tool

IAS (severe FH versus Severe FH items: None None [120]

non-severe FH
) « LDL-C >400 mg/dL (10 mmol/L) at

presentation
or
LDL-C >310 mg/dL (7.5 mmol/L) at
presentation plus one high-risk condition*
or
LDL-C >190 mg/dL (5 mmol/L) plus two
high-risk conditions*
» Advanced subclinical atherosclerosis
- CAC score >100 Agatston units or >75th
percentile for age and sex
- CTA with obstructions >50% or presence
of non-obstructive plaques in more than
one vessel
« Clinical atherosclerotic CVD (myocardial
infarction, angina, coronary revascularization,
non-embolic ischemic stroke, transitory
ischemic attack, intermittent claudication)

MFHS (higher risk - Score items: 670 adults carrying an Prevalence of CVD (coronary, [122]
MFHS >20 versus lower FH-causing LDLR mutation peripheral cerebrovascular
risk - MFHS <20) « Age (scores of 0, 4, 8, 12, 16, 20, 24, and 28 events)

are attributed to ages of <21, 22-28, 29-35,
36-42, 43-49, 50-56, 57-63, and >63 years,
respectively)

« Gender (a score of 3 is attributed to the male
gender, whereas a score of 0 is attributed to
the female gender)

« Smoking (a score of 1 is attributed to
smoking, whereas a score of 0 is attributed to
never smoking)

« Hypertension (a score of 2 is attributed to the
presence of hypertension, whereas a score of
0 is attributed to the absence of
hypertension)

« Untreated HDL-C (scores of 12, 9, 6, 3, and 0
are attributed to HDL-C levels of <0.60,
0.61-0.90, 0.91-1.2, 1.21-1.5, and
>1.5 mmol/L, respectively)

SAFEHEART Risk Equation 2404 adults with molecularly 5-year% risk of incident CVD [123]

Equation for the 5-year risk of incident CVD defined heterozygous FH events

events: 1 — 0.9532exp( 3 gX-54078)

Equation for the 10-year risk of incident CVD
events: 1 — 0.9025¢xP( 3 gX-54078)

In both equations B is the regression coefficient
and X is the level for each of the following items:

- Age
- male gender
« history of previous CVD events
« high blood pressure
- increased body mass index
« active smoking
- untreated LDL-C
- untreated Lp(a)
GRScap (low risk versus 725 individuals carrying an FH Prevalence of CVD [124]

high risk) Score items: causing mutation

- among 192 SNPs with a genome-wide
significant association with coronary artery
disease, the number of risk alleles (0, 1 or 2)
carried by each individual weighted by the
effect size (B) for each SNP

Abbreviations: CAC, coronary artery calcium; CTA, computed tomography angiography; CVD, cardiovascular disease; FH, familial hypercholesterolemia; HDL-C, high-density
lipoprotein cholesterol; IAS, international atherosclerosis society; LDL-C, low-density lipoprotein cholesterol; LDLR, low-density lipoprotein receptor; Lp(a), lipoprotein(a);
MFHS, Montreal-FH-SCORE; SNP, single nucleotide polymorphism.

* High risk conditions: older age (Men: >30 years Women: >45) or > 40 years without treatment, smoking, male gender, lipoprotein(a) >50 mg/dL (75 nmol/L), HDL-C
<40 mg/dL (1 mmol/L), hypertension, diabetes mellitus, family of history of early CVD in first degree relatives (<55 years old in males and <60 years old in females),
chronic kidney disease, body mass index >30 kg/mZ2.
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dex, active smoking, untreated LDL-C and Lp(a) levels) identified
among the independent predictors of incident CVD events in that
population. This algorithm was reported to estimate incident CVD
events with high accuracy and better than other predictive algo-
rithms validated in the general population [123]. Accordingly, the
SAFEHEART Risk Equation showed a good calibration and a bet-
ter performance in terms of discrimination as compared to the
Framingham'’s risk equation and the American College of Cardiol-
ogy/American Heart Association CVD Pooled Cohort Risk Equations.
However, two main limitations to its generalizability need to be
taken into account. First, the short follow-up period of the study
in which this equation was validated makes its use not reliable for
risk prediction over 10 years. Second, because this equation was
developed in a selected European HeFH population, an external
validation in other HeFH populations should be performed.

Recently, a genetic risk score to predict the CVD risk (GRScap)
specific to the HeFH population [124] was validated in 725 HeFH
patients with a diagnosed FH-causing mutation from the Institut
de recherches cliniques de Montréal (Table 1). This score, based on
192 SNPs with a genome-wide significant association with coro-
nary artery disease, significantly predicted prevalent CVD events
(odds ratio 1.80; 95%, CI 1.14-2.85; P = 0.01) even after adjust-
ment for CVD risk factors. However, it should be emphasized that
its predictive value was evaluated retrospectively in a small Cana-
dian HeFH population. Therefore, its reliability also needs to be
assessed in larger prospective studies of multiethnic HeFH popu-
lations. Moreover, whether the addition of this genetic risk score
to other clinical scores, such as the MFHS, can further refine and
improve the CVD risk stratification in HeFH patients needs to be
investigated.

In summary, irrespective from their individual characteristics,
all the available algorithms for CVD risk stratification specific to
the HeFH population (i.e., the MFHS, the SAFEHEART Risk Equa-
tion and the GRScap) have some common limitations with respect
to their clinical applicability. First, since each of them was built
considering a single ethnic group, they all need external validation
in other populations. Second, since their performance was evalu-
ated in populations of adult HeFH only (mean age ranging from 35
to 50 years old) [122-124], their potential utility and accuracy in
estimating the CVD risk either in younger or older HeFH patients
needs to be investigated.

Conclusions

The CVD risk varies substantially among FH patients. Beyond
LDL-C, whose negative prognostic value is unquestionable, various
traditional CVD risk factors have been reported to additionally
affect atherosclerotic burden in the FH population. However, even
classical CVD risk factors cannot explain all of the variability in
the severity of clinical manifestations in this population and addi-
tional parameters have emerged as potential modifiers of disease
phenotype and predictors of CVD risk in FH. Different indices of
atherosclerotic vascular damage, providing an integrated measure
of the cumulative lifetime exposure to multiple proatherogenic
factors, have been proposed as a helpful tool for an accurate
quantification of CVD risk in the FH population. However, there
is still no consensus on their clinical use. Recently, several CVD
risk stratification algorithms combining multiple predictors of CVD
specific to this high-risk population have been proposed to refine
CVD risk stratification. However, they require further validation
before their wide clinical application might be recommended.
Thus, it still remains difficult to tailor the intensity of cholesterol-
lowering drug strategies on individual CVD risk of FH patients
beyond the systematic correction of traditional modifiable CVD risk
factors.

Acknowledgements

None.

References

[1] Yuang G, Wang ], Hegele RA. Heterozygous familial hypercholes-
terolemia: an under recognized cause of early cardiovascular disease.
CMA]J 2006;174:1124-9.

Robinson ]G, Goldberg ACNational Lipid Association Expert Panel on Fa-

milial Hypercholesterolemia. Treatment of adults with familial hypercholes-

terolemia and evidence for treatment: recommendations from the national
lipid association expert panel on familial hypercholesterolemia. J Clin Lipidol
2011;5:518-29.

Goldgberg AC, Hopkins PN, Toth PP, Ballantyne CM, Rader D], Robinson ]G,

et al. Familial hypercholesterolemia: screening, diagnosis and management

of pediatric and adult patients: clinical guidance from the national lipid
association expert panel on familial hypercholesterolemia. ] Clin Lipidol
2011;5:133-40.

Sijbrands EJ, Westendorp RG, Defesche ]JC, de Meier PH, Smelt AH, Kastelein ]J.

Mortality over two centuries in large pedigree with familial hypercholestero-

laemia: family tree mortality study. BMJ 2001;322:1019-23.

Santos RD. Phenotype vs. genotype in severe familial hypercholesterolemia:

what matters most for the clinician? Curr Opin Lipidol 2017;28:130-5.

Galema-Boers AM, Lenzen M], Engelkes SR, Sijbrands EJ, Roeters van

Lennep JE. Cardiovascular risk in patients with familial hypercholesterolemia

using optimal lipid-lowering therapy. ] Clin Lipidol 2018;12:409-16.

Paquette M, Baass A. Predicting cardiovascular disease in familial hyperc-

holesterolemia. Curr Opin Lipidol 2018;29:299-306.

Averna M, Cefalli AB, Casula M, Noto D, Arca M, Bertolini S, et al. Familial

hypercholesterolemia: the Italian atherosclerosis society network (LIPIGEN).

Atheroscler Suppl 2017;29:11-16.

[9] Najam O, Ray KK. Familial hypercholesterolemia: a review of the natural his-
tory, diagnosis, and management. Cardiol Ther 2015;4:25-38.

[10] Soutar AK, Naoumova RP, Traub LM. Genetics, clinical phenotype, and molec-
ular cell biology of autosomal recessive hypercholesterolemia. Arterioscler
Thromb Vasc Biol 2003;23:1963-70.

[11] Akioyamen LE, Genest ], Shan SD, Reel RL, Albaum JM, Chu A, et al. Estimating
the prevalence of heterozygous familial hypercholesterolaemia: a systematic
review and meta-analysis. BM] Open 2017;7:e016461.

[12] Singh S, Bittner V. Familial hypercholesterolemia-epidemiology, diagnosis,
and screening. Curr Atheroscler Rep 2015;17:482.

[13] Cuchel M, Bruckert E, Ginsberg HN, Raal FJ, Santos RD, Hegele RA, et al. Ho-
mozygous familial hypercholesterolaemia: new insights and guidance for
clinicians to improve detection and clinical management. A position paper
from the consensus panel on familial hypercholesterolaemia of the European
atherosclerosis society. Eur Heart ] 2014;35:2146-57.

[14] Wiegman A, Gidding SS, Watts GF, Chapman M], Ginsberg HN, Cuchel M,
et al. Familial hypercholesterolaemia in children and adolescents: gain-
ing decades of life by optimizing detection and treatment. Eur Heart ]
2015;36:2425-37.

[15] Abdul-Razak S, Rahmat R, Mohd Kasim A, Rahman TA, Muid S, Nasir NM,
et al. Diagnostic performance of various familial hypercholesterolaemia diag-
nostic criteria compared to Dutch lipid clinic criteria in an Asian population.
BMC Cardiovasc Disord 2017;17:264.

[16] Talmud PJ, Shah S, Whittall R, Futema M, Howard P, Cooper JA, et al. Use
of low-density lipoprotein cholesterol gene score to distinguish patients
with polygenic and monogenic familial hypercholesterolaemia: a case-control
study. Lancet 2013;381:1293-301.

[17] Henderson R, O’Kane M, McGilligan V, Watterson S. The genetics and screen-
ing of familial hypercholesterolaemia. ] Biomed Sci 2016;23:39.

[18] Sarraju A, Knowles JW. Genetic testing and risk scores: impact on familial
hypercholesterolemia. Front Cardiovasc Med 2019;6:5.

[19] Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al.
2019 ESC/EAS guidelines for the management of dyslipidaemias: lipid mod-
ification to reduce cardiovascular risk: the task force for the management
of dyslipidaemias of the european society of cardiology (ESC) and Euro-
pean atherosclerosis society (EAS). Eur Heart ] 2019 [Epub ahead of print].
doi:10.1093/eurheartj/ehz455.

[20] Civeira F, Plana N. Treatment of heterozygous familial hypercholesterolemia
in children and adolescents: an unsolved problem. Rev Esp Cardiol (Engl Ed)
2017;70:423-4.

[21] Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS,
et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
guideline on the management of blood cholesterol: a report of the ameri-
can college of cardiology/American heart association task force on clinical
practice guidelines. ] Am Coll Cardiol 2019;73:e285-350.

[22] Orringer CE, Jacobson TA, Saseen JJ, Brown AS, Gotto AM, Ross ]L, et al. Update
on the use of PCSK9 inhibitors in adults: recommendations from an expert
panel of the national lipid association. ] Clin Lipidol 2017;11:880-90.

[23] Hajighasemi S, Mahdavi Gorabi A, Bianconi V, Pirro M, Banach M, Ahmadi
Tafti H, et al. A review of gene- and cell-based therapies for familial hyperc-
holesterolemia. Pharmacol Res 2019;143:119-32.

[24] Kruse G, Kutikova L, Wong B, Villa G, Ray KK, Mata P, et al. Cardiovascular

[2

i3

[4

(5

6

17

[8

Please cite this article as: V. Bianconi, M. Banach and M. Pirro, Why patients with familial hypercholesterolemia are at high cardiovascular
risk? Beyond LDL-C levels, Trends in Cardiovascular Medicine, https://doi.org/10.1016/j.tcm.2020.03.004



http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0001
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0001
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0001
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0001
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0002
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0002
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0002
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0003
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0004
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0004
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0004
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0004
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0004
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0004
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0004
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0005
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0005
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0006
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0006
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0006
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0006
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0006
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0006
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0007
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0007
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0007
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0008
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0009
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0009
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0009
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0010
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0010
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0010
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0010
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0011
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0012
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0012
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0012
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0013
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0013
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0013
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0013
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0013
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0013
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0013
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0013
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0014
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0014
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0014
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0014
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0014
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0014
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0014
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0014
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0015
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0015
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0015
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0015
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0015
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0015
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0015
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0015
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0016
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0016
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0016
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0016
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0016
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0016
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0016
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0016
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0017
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0017
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0017
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0017
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0017
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0018
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0018
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0018
https://doi.org/10.1093/eurheartj/ehz455
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0020
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0020
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0020
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0021
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0022
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0022
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0022
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0022
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0022
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0022
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0022
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0022
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0023
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0023
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0023
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0023
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0023
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0023
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0023
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0023
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0024
https://doi.org/10.1016/j.tcm.2020.03.004

ARTICLE IN PRESS

10 V. Bianconi, M. Banach and M. Pirro/Trends in Cardiovascular Medicine xxx (xXxx) xxx

JID: TCM

disease risk and risk factors associated with familial hypercholesterolemia: a
systematic review. Value Health ] 2017;20:a606.

[25] Wong B, Kruse G, Kutikova L, Ray KK, Mata P, Bruckert E. Cardiovascular dis-
ease risk associated with familial hypercholesterolemia: a systematic review
of the literature. Clin Ther 2016;38:1696-709.

[26] Nordestgaard BG, Chapman M], Humphries SE, Ginsberg HN, Masana L,
Descamps OS, et al. Familial hypercholesterolaemia is underdiagnosed and
undertreated in the general population: guidance for clinicians to prevent
coronary heart disease: consensus statement of the European atherosclerosis
society. Eur Heart ] 2013;34:3478-3490a.

[27] Mabuchi H, Koizumi J, Shimizu M, Takeda R. Development of coronary heart
disease in familial hypercholesterolemia. Circulation 1989;79:225-32.

[28] Versmissen ], Oosterveer DM, Yazdanpanah M, Defesche JC, Basart DC,
Liem AH, et al. Efficacy of statins in familial hypercholesterolaemia: a long
term cohort study. BMJ 2008;337:a2423.

[29] Neil A, Cooper ], Betteridge ], Capps N, McDowell I, Durrington P, et al. Re-
ductions in all-cause, cancer, and coronary mortality in statin-treated pa-
tients with heterozygous familial hypercholesterolaemia: a prospective reg-
istry study. Eur Heart ] 2008;29:2625-33.

[30] Alonso R, Mata N, Castillo S, Fuentes F, Saenz P, Muiiiz O, et al. Cardio-
vascular disease in familial hypercholesterolaemia: influence of low-density
lipoprotein receptor mutation type and classic risk factors. Atherosclerosis
2008;200:315-21.

[31] Jensen ], Blankenhorn DH, Kornerup V. Coronary disease in familial hyperc-
holesterolemia. Circulation 1967;36:77-82.

[32] Benn M, Watts GF, Tybjaerg-Hansen A, Nordestgaard BG. Familial hyper-
cholesterolemia in the danish general population: prevalence, coronary
artery disease, and cholesterol-lowering medication. J Clin Endocrinol Metab
2012;97:3956-64.

[33] Villa G, Wong B, Kutikova L, Ray KK, Mata P, Bruckert E. Prediction of car-
diovascular risk in patients with familial hypercholesterolaemia. Eur Heart ]
Qual Care Clin Outcomes 2017;3:274-80.

[34] Jansen AC, van Aalst-Cohen ES, Tanck MW, Trip MD, Lansberg PJ, Liem AH,
et al. The contribution of classical risk factors to cardiovascular disease
in familial hypercholesterolaemia: data in 2400 patients. ] Intern Med
2004;256:482-90.

[35] Sijbrands EJ, Westendorp RG, Paola Lombardi M, Havekes LM, Frants RR,
Kastelein JJ, et al. Additional risk factors influence excess mortality in het-
erozygous familial hypercholesterolaemia. Atherosclerosis 2000;149:421-5.

[36] Béliard S, Boccara F, Cariou B, Carrié A, Collet X, Farnier M, et al. High bur-
den of recurrent cardiovascular events in heterozygous familial hypercholes-
terolemia: the French familial hypercholesterolemia registry. Atherosclerosis
2018;277:334-40.

[37] Mundal LJ, Igland ], Veierad MB, Holven KB, Ose L, Selmer RM, et al. Impact
of age on excess risk of coronary heart disease in patients with familial hy-
percholesterolaemia. Heart 2018;104:1600-7.

[38] van der Graaf A, Hutten BA, Kastelein JJ, Vissers MN. Premature cardiovascu-
lar disease in young women with heterozygous familial hypercholesterolemia.
Expert Rev Cardiovasc Ther 2006;4:345-51.

[39] Holven KB, Narverud I, van Lennep JR, Versmissen ], @yri LKL, Gale-
ma-Boers A, et al. Sex differences in cholesterol levels from birth to 19 years
of age may lead to increased cholesterol burden in females with FH. ]J Clin
Lipidol 2018;12:748-755.e2.

[40] Schmidt N, Schmidt B, Dressel A, Gergei I, Klotsche ], Pieper L, et al. Familial
hypercholesterolemia in primary care in Germany. Diabetes and cardiovascu-
lar risk evaluation: targets and essential data for commitment of treatment
(DETECT) study. Atherosclerosis. 2017;266:24-30.

[41] Mundal L, Sarancic M, Ose L, Iversen PO, Borgan JK, Veiered MB, et al. Mortal-
ity among patients with familial hypercholesterolemia: a registry-based study
in Norway, 1992-2010. ] Am Heart Assoc 2014;3:e001236.

[42] Allard MD, Saeedi R, Yousefi M, Frohlich J. Risk stratification of patients
with familial hypercholesterolemia in a multi-ethnic cohort. Lipids Health Dis
2014;13:65.

[43] Besseling ], Kindt I, Hof M, Kastelein ]JJ, Hutten BA, Hovingh GK. Se-
vere heterozygous familial hypercholesterolemia and risk for cardiovascu-
lar disease: a study of a cohort of 14,000 mutation carriers. Atherosclerosis
2014;233:219-23.

[44] Kramer A, Jansen AC, van Aalst-Cohen ES, Tanck MW, Kastelein ]J, Zwinder-
man AH. Relative risk for cardiovascular atherosclerotic events after smok-
ing cessation: 6-9 years excess risk in individuals with familial hypercholes-
terolemia. BMC Public Health 2006;6:262.

[45] de Sauvage Nolting PR, Defesche JC, Buirma R], Hutten BA, Lansberg PJ,
Kastelein JJ. Prevalence and significance of cardiovascular risk factors in a
large cohort of patients with familial hypercholesterolaemia. J Intern Med
2003;253:161-8.

[46] Chan DC, Pang ], Hooper A], Burnett JR, Bell DA, Bates TR, et al. Elevated
lipoprotein(a), hypertension and renal insufficiency as predictors of coronary
artery disease in patients with genetically confirmed heterozygous familial
hypercholesterolemia. Int J Cardiol 2015;201:633-8.

[47] Besseling ], Kastelein JJ, Defesche JC, Hutten BA, Hovingh GK. Association be-
tween familial hypercholesterolemia and prevalence of type 2 diabetes melli-
tus. JAMA 2015;313:1029-36.

[48] Vohl MC, Gaudet D, Moorjani S, Tremblay G, Perron P, Gagné C, et al. Com-
parison of the effect of two low-density lipoprotein receptor class mutations
on coronary heart disease among French-Canadian patients heterozygous for
familial hypercholesterolaemia. Eur ] Clin Invest 1997;27:366-73.

mb5G;March 20, 2020;13:16

[49] Real JT, Chaves FJ, Martinez-Usé I, Garcia-Garcia AB, Ascaso JF, Carmena R.
Importance of HDL cholesterol levels and the total/ hdl cholesterol ratio as
a risk factor for coronary heart disease in molecularly defined heterozygous
familial hypercholesterolaemia. Eur Heart ] 2001;22:465-71.

[50] Wiegman A, Rodenburg ], de Jongh S, Defesche JC, Bakker HD, Kastelein ],
et al. Family history and cardiovascular risk in familial hypercholesterolemia:
data in more than 1000 children. Circulation 2003;107:1473-8.

[51] Tada H, Nohara A, Inazu A, Mabuchi H, Kawashiri MA. Remnant lipoproteins
and atherosclerotic cardiovascular disease. Clin Chim Acta 2019;490:1-5.

[52] Paquette M, Chong M, Thériault S, Dufour R, Paré G, Baass A. Polygenic risk
score predicts prevalence of cardiovascular disease in patients with familial
hypercholesterolemia. ] Clin Lipidol 2017;11:725-732.e5.

[53] van Tits L], Smilde TJ, van Wissen S, de Graaf ], Kastelein JJ, Stalenhoef AF.
Effects of atorvastatin and simvastatin on low-density lipoprotein subfraction
profile, low-density lipoprotein oxidizability, and antibodies to oxidized low-
density lipoprotein in relation to carotid intima media thickness in familial
hypercholesterolemia. ] Investig Med 2004;52:177-84.

[54] Raal FJ, Pilcher GJ, Waisberg R, Buthelezi EP, Veller MG, Joffe BI. Low-density
lipoprotein cholesterol bulk is the pivotal determinant of atherosclerosis in
familial hypercholesterolemia. Am J Cardiol 1999;83:1330-3.

[55] Vuorio A, Watts GF, Schneider W], Tsimikas S, Kovanen PT. Familial hyper-
cholesterolemia and elevated lipoprotein(a): double heritable risk and new
therapeutic opportunities. | Intern Med 2020;287:2-18.

[56] Nenseter MS, Lindvig HW, Ueland T, Langslet G, Ose L, Holven KB,
et al. Lipoprotein(a) levels in coronary heart disease-susceptible and resistant
patients with familial hypercholesterolemia. Atherosclerosis 2011;216:426-32.

[57] Zawacki AW, Dodge A, Woo KM, Ralphe ]JC, Peterson AL. In pediatric fa-
milial hypercholesterolemia, lipoprotein(a) is more predictive than LDL-C
for early onset of cardiovascular disease in family members. ] Clin Lipidol
2018;12:1445-51.

[58] Li S, Wu NQ, Zhu CG, Zhang Y, Guo YL, Gao Y, et al. Significance of lipopro-
tein(a) levels in familial hypercholesterolemia and coronary artery disease.
Atherosclerosis 2017;260:67-74.

[59] Nordestgaard BG, Chapman M]J, Ray K, Borén ], Andreotti F, Watts GF,
et al. Lipoprotein(a) as a cardiovascular risk factor: current status. Eur Heart
] 2010;31:2844-53.

[60] Pirro M, Bianconi V, Paciullo F, Mannarino MR, Bagaglia F, Sahebkar A.
Lipoprotein(a) and inflammation: a dangerous duet leading to endothelial loss
of integrity. Pharmacol Res 2017;119:178-87.

[61] Khera AV, Won HH, Peloso GM, Lawson KS, Bartz TM, Deng X, et al. Diag-
nostic yield and clinical utility of sequencing familial hypercholesterolemia
genes in patients with severe hypercholesterolemia. ] Am Coll Cardiol
2016;67:2578-89.

[62] Graham CA, McClean E, Ward AJ, Beattie ED, Martin S, O'Kane M, et al. Mu-
tation screening and genotype:phenotype correlation in familial hypercholes-
terolaemia. Atherosclerosis 1999;147:309-16.

[63] Humphries SE, Whittall RA, Hubbart CS, Maplebeck S, Cooper JA, Soutar AK,
et al. Genetic causes of familial hypercholesterolaemia in patients in the UK:
relation to plasma lipid levels and coronary heart disease risk. ] Med Genet
2006;43:943-9.

[64] Guardamagna O, Restagno G, Rolfo E, Pederiva C, Martini S, Abello F, et al. The
type of ldIr gene mutation predicts cardiovascular risk in children with famil-
ial hypercholesterolemia. ] Pediatr 2009;155:199-204.e2.

[65] Ohta N, Hori M, Takahashi A, Ogura M, Makino H, Tamanaha T, et al. Pro-
protein convertase subtilisin/kexin 9 V4I variant with LDLR mutations
modifies the phenotype of familial hypercholesterolemia. J Clin Lipidol
2016;10:547-55.

[66] Mohrschladt MF, van der Sman-de Beer F, Hofman MK, van der Krabben M,
Westendorp RG, Smelt AH. TaqIB polymorphism in CETP gene: the influence
on incidence of cardiovascular disease in statin-treated patients with familial
hypercholesterolemia. Eur ] Hum Genet 2005;13:877-82.

[67] Bertolini S, Pisciotta L, Di Scala L, Langheim S, Bellocchio A, Masturzo P,
et al. Genetic polymorphisms affecting the phenotypic expression of familial
hypercholesterolemia. Atherosclerosis 2004;174:57-65.

[68] Koeijvoets KC, van der Net ]B, Dallinga-Thie GM, Steyerberg EW, Mensink RP,
Kastelein JJ, et al. ABCG8 gene polymorphisms, plasma cholesterol concn-
trations, and risk of cardiovascular disease in familial hypercholesterolemia.
Atherosclerosis 2009;204:453-8.

[69] Eto M, Watanabe K, Chonan N, Ishii K. Familial hypercholesterolemia and
apolipoprotein E4. Atherosclerosis 1988;72:123-8.

[70] Wittekoek ME, Pimstone SN, Reymer PW, Feuth L, Botma GJ, Defesche ]C,
et al. A common mutation in the lipoprotein lipase gene (N291S) alters the
lipoprotein phenotype and risk for cardiovascular disease in patients with fa-
milial hypercholesterolemia. Circulation 1998;97:729-35.

[71] Paquette M, Dufour R, Baass A. Scavenger receptor LOX1 genotype predicts
coronary artery disease in patients with familial hypercholesterolemia. Can ]
Cardiol 2017;33:1312-18.

[72] Leus FR, Zwart M, Kastelein ], Voorbij HA. PON2 gene variants are associated
with clinical manifestations of cardiovascular disease in familial hypercholes-
terolemia patients. Atherosclerosis 2001;154:641-9.

[73] van der Net JB, Versmissen ], Oosterveer DM, Defesche ]JC, Yazdanpanah M,
Aouizerat BE, et al. Arachidonate 5-lipoxygenase-activating protein (ALOX5AP)
gene and coronary heart disease risk in familial hypercholesterolemia.
Atherosclerosis 2009;203:472-8.

[74] van der Net JB, van Etten ], Yazdanpanah M, Dallinga-Thie GM, Kastelein JJ,
Defesche ]JC, et al. Gene-load score of the renin-angiotensin-aldosterone sys-



http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0024
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0025
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0026
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0026
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0026
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0026
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0026
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0026
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0026
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0026
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0027
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0027
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0027
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0027
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0027
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0028
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0028
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0028
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0028
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0028
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0028
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0028
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0028
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0029
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0029
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0029
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0029
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0029
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0029
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0029
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0029
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0030
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0030
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0030
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0030
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0030
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0030
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0030
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0030
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0031
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0031
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0031
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0031
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0032
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0032
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0032
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0032
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0032
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0033
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0033
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0033
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0033
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0033
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0033
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0033
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0034
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0034
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0034
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0034
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0034
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0034
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0034
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0034
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0035
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0035
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0035
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0035
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0035
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0035
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0035
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0035
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0036
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0036
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0036
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0036
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0036
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0036
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0036
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0036
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0037
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0037
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0037
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0037
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0037
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0037
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0037
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0037
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0038
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0038
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0038
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0038
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0038
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0039
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0039
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0039
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0039
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0039
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0039
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0039
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0039
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0040
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0040
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0040
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0040
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0040
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0040
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0040
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0040
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0041
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0041
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0041
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0041
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0041
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0041
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0041
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0041
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0042
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0042
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0042
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0042
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0042
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0043
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0043
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0043
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0043
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0043
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0043
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0043
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0044
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0044
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0044
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0044
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0044
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0044
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0044
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0045
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0045
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0045
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0045
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0045
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0045
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0045
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0046
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0046
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0046
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0046
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0046
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0046
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0046
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0046
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0047
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0047
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0047
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0047
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0047
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0047
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0048
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0048
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0048
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0048
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0048
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0048
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0048
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0048
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0049
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0049
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0049
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0049
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0049
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0049
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0049
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0050
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0050
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0050
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0050
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0050
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0050
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0050
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0050
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0051
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0051
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0051
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0051
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0051
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0051
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0052
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0052
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0052
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0052
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0052
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0052
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0052
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0053
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0053
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0053
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0053
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0053
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0053
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0053
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0054
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0054
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0054
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0054
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0054
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0054
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0054
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0055
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0055
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0055
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0055
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0055
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0055
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0056
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0056
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0056
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0056
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0056
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0056
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0056
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0056
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0057
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0057
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0057
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0057
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0057
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0057
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0058
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0058
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0058
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0058
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0058
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0058
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0058
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0058
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0059
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0059
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0059
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0059
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0059
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0059
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0059
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0059
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0060
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0060
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0060
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0060
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0060
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0060
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0060
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0061
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0061
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0061
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0061
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0061
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0061
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0061
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0061
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0062
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0062
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0062
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0062
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0062
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0062
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0062
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0062
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0063
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0063
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0063
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0063
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0063
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0063
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0063
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0063
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0064
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0064
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0064
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0064
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0064
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0064
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0064
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0064
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0065
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0065
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0065
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0065
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0065
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0065
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0065
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0065
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0066
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0066
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0066
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0066
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0066
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0066
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0066
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0067
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0067
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0067
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0067
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0067
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0067
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0067
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0067
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0068
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0068
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0068
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0068
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0068
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0068
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0068
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0068
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0069
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0069
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0069
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0069
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0069
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0070
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0070
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0070
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0070
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0070
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0070
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0070
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0070
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0071
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0071
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0071
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0071
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0072
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0072
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0072
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0072
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0072
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0073
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0073
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0073
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0073
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0073
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0073
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0073
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0073
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0074
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0074
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0074
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0074
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0074
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0074
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0074
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0074
https://doi.org/10.1016/j.tcm.2020.03.004

ARTICLE IN PRESS

V. Bianconi, M. Banach and M. Pirro/Trends in Cardiovascular Medicine xxx (xXxx) Xxx 1

JID: TCM

tem is associated with coronary heart disease in familial hypercholestero-
laemia. Eur Heart ] 2008;29:1370-6.

[75] O'Malley JP, Maslen CL, Illingworth DR. Angiotensin-converting enzyme DD
genotype and cardiovascular disease in heterozygous familial hypercholes-
terolemia. Circulation 1998;97:1780-3.

[76] Paquette M, Dufour R, Baass A. ABO blood group is a cardiovascular risk factor
in patients with familial hypercholesterolemia. J Clin Lipidol 2018;12:383-9.

[77] Jansen AC, van Aalst-Cohen ES, Tanck MW, Cheng S, Fontecha MR, Li J,
et al. Genetic determinants of cardiovascular disease risk in familial hyper-
cholesterolemia. Arterioscler Thromb Vasc Biol 2005;25:1475-81.

[78] Paquette M, Chong M, Saavedra YGL, Paré G, Dufour R, Baass A. The 9p21.3
locus and cardiovascular risk in familial hypercholesterolemia. ]J Clin Lipidol
2017;11:406-12.

[79] Patel RS, Asselbergs FW, Quyyumi AA, Palmer TM, Finan CI, Tragante V,
et al. Genetic variants at chromosome 9p21 and risk of first versus subse-
quent coronary heart disease events: a systematic review and meta-analysis.
J Am Coll Cardiol 2014;63:2234-45.

[80] Koeijvoets KC, Mooijaart SP, Dallinga-Thie GM, Defesche ]C, Steyerberg EW,
Westendorp RG, et al. Complement factor h Y402H decreases cardiovascu-
lar disease risk in patients with familial hypercholesterolaemia. Eur Heart ]
2009;30:618-23.

[81] Paquette M, Dufour R, Baass A. PHACTR1 genotype predicts coronary
artery disease in patients with familial hypercholesterolemia. | Clin Lipidol
2018;12:966-71.

[82] Cenarro A, Artieda M, Castillo S, Mozas P, Reyes G, Tejedor D, et al. A com-
mon variant in the ABCA1 gene is associated with a lower risk for prema-
ture coronary heart disease in familial hypercholesterolaemia. ] Med Genet
2003;40:163-8.

[83] Blackburn EH. Telomeres and telomerase: their mechanisms of action and the
effects of altering their functions. FEBS Lett 2005;579:859-62.

[84] Mazidi M, Kengne AP, Sahebkar A, Banach M. Telomere length is associated
with cardiometabolic factors in us adults. Angiology 2018;69:164-9.

[85] Banach M, Mazidi M, Mikhailidis DP, Toth PP, Jozwiak ], Rysz ], et al. Associa-
tion between phenotypic familial hypercholesterolaemia and telomere length
in us adults: results from a multi-ethnic survey. Eur Heart ] 2018;39:3635-40.

[86] Martinez LR, Santos RD, Miname MH, Deus DF, Lima ES, Maranhdo RC. Trans-
fer of lipids to high-density lipoprotein (HDL) is altered in patients with fa-
milial hypercholesterolemia. Metabolism 2013;62:1061-4.

[87] Ganjali S, Momtazi AA, Banach M, Kovanen PT, Stein EA, Sahebkar A. HDL
abnormalities in familial hypercholesterolemia: focus on biological functions.
Prog Lipid Res 2017;67:16-26.

[88] Ganjali S, Momtazi-Borojeni AA, Banach M, Kovanen PT, Gotto AM Jr, Sa-
hebkar A. HDL functionality in familial hypercholesterolemia: effects of
treatment modalities and pharmacological interventions. Drug Discov Today
2018;23:171-80.

[89] Escate R, Mata P, Cepeda JM, Padré T, Badimon L. miR-505-3p controls
chemokine receptor up-regulation in macrophages: role in familial hyperc-
holesterolemia. FASEB ] 2018;32:601-12.

[90] Narverud [, Ueland T, Nenseter MS, Retterstal K, Telle-Hansen VH,
Halvorsen B, et al. Children with familial hypercholesterolemia are charac-
terized by an inflammatory imbalance between the tumor necrosis factor «
system and interleukin-10. Atherosclerosis 2011;214:163-8.

[91] Gokalp D, Tuzcu A, Bahceci M, Arikan S, Pirinccioglu AG, Bahceci S. Levels of
proinflammatory cytokines and hs-CRP in patients with homozygous familial
hypercholesterolaemia. Acta Cardiol 2009;64:603-9.

[92] Holven KB, Narverud I, Lindvig HW, Halvorsen B, Langslet G, Nenseter MS,
et al. Subjects with familial hypercholesterolemia are characterized by an
inflammatory phenotype despite long-term intensive cholesterol lowering
treatment. Atherosclerosis 2014;233:561-7.

[93] Bernelot Moens SJ], Neele AE, Kroon ], van der Valk FM, Van den Bossche ],
Hoeksema MA, et al. PCSK9 monoclonal antibodies reverse the pro-inflam-
matory profile of monocytes in familial hypercholesterolaemia. Eur Heart ]
2017;38:1584-93.

[94] Guardamagna O, Abello F, Saracco P, Baracco V, Rolfo E, Pirro M. Endothe-
lial activation, inflammation and premature atherosclerosis in children with
familial dyslipidemia. Atherosclerosis 2009;207:471-5.

[95] Martinez LR, Miname MH, Bortolotto LA, Chacra AP, Rochitte CE, Spos-
ito AC, et al. No correlation and low agreement of imaging and inflamma-
tory atherosclerosis’ markers in familial hypercholesterolemia. Atherosclerosis
2008;200:83-8.

[96] Mollazadeh H, Carbone F, Montecucco F, Pirro M, Sahebkar A. Oxidative bur-
den in familial hypercholesterolemia. ] Cell Physiol 2018;233:5716-25.

[97] Narverud I, Retterstol K, Iversen PO, Halvorsen B, Ueland T, Ulven SM,
et al. Markers of atherosclerotic development in children with familial hy-
percholesterolemia: a literature review. Atherosclerosis 2014;235:299-309.

[98] Van Tits L, De Graaf J, Hak-Lemmers H, Bredie S, Demacker P, Holvoet P,
et al. Increased levels of low-density lipoprotein oxidation in patients with
familial hypercholesterolemia and in end-stage renal disease patients on
hemodialysis. Lab Invest 2003;83:13-21.

[99] Hulthe ], Fagerberg B. Circulating oxidized LDL is associated with subclinical
atherosclerosis development and inflammatory cytokines (AIR study). Arte-
rioscler Thromb Vasc Biol 2002;22:1162-7.

[100] Pasqualini L, Cortese C, Marchesi S, Siepi D, Pirro M, Vaudo G, et al. Paraox-
onase-1 activity modulates endothelial function in patients with peripheral
arterial disease. Atherosclerosis 2005;183:349-54.

[101] Lee R, Margaritis M, Channon KM, Antoniades C. Evaluating oxidative stress

mb5G;March 20, 2020;13:16

in human cardiovascular disease: methodological aspects and considerations.
Curr Med Chem 2012;19:2504-20.

[102] Ravnskow U, de Lorgeril M, Kendrick M, Diamond DM. Inborn coagulation
factors are more important cardiovascular risk factors than high LDL-choles-
terol in familial hypercholesterolemia. Med Hypotheses 2018;121:60-3.

[103] Bos S, Phillips M, Watts GF, Verhoeven AJM, Sijbrands EJG, Ward NC. Novel
protein biomarkers associated with coronary artery disease in statin-treated
patients with familial hypercholesterolemia. J Clin Lipidol 2017;11:682-93.

[104] Junyent M, Gilabert R, Jarauta E, Ndiez I, Cofin M, Civeira F, et al. Im-
pact of low-density lipoprotein receptor mutational class on carotid
atherosclerosis in patients with familial hypercholesterolemia. Atherosclero-
sis 2010;208:437-41.

[105] Egger M, Spence JD, Fenster A, Parraga G. Validation of 3D ultrasound ves-
sel wall volume: an imaging phenotype of carotid atherosclerosis. Ultrasound
Med Biol 2007;33:905-14.

[106] Saba L, Mallarini G, Sanfilippo R, Zeng G, Montisci R, Suri J. Intima media
thickness variability (IMTV) and its association with cerebrovascular events: a
novel marker of carotid therosclerosis? Cardiovasc Diagn Ther 2012;2:10-18.

[107] Ershova Al, Balakhonova TV, Meshkov AN, Rozhkova TA, Boytsov SA. Ultra-
sound markers that describe plaques are more sensitive than mean intima-
media thickness in patients with familial hypercholesterolemia. Ultrasound
Med Biol 2012;38:417-22.

[108] Tada H, Kawashiri MA, Okada H, Nakahashi T, Sakata K, Nohara A, et al. As-
sessments of carotid artery plaque burden in patients with familial hyperc-
holesterolemia. Am ] Cardiol 2017;120:1955-60.

[109] Smilde TJ, van Wissen S, Wollersheim H, Trip MD, Kastelein JJ, Stalenhoef AF.
Effect of aggressive versus conventional lipid lowering on atherosclerosis pro-
gression in familial hypercholesterolaemia (ASAP): a prospective, randomised,
double-blind trial. Lancet 2001;357:577-81.

[110] Nasir K, Rubin ], Blaha M], Shaw LJ, Blankstein R, Rivera JJ, et al. Interplay
of coronary artery calcification and traditional risk factors for the prediction
of all-cause mortality in asymptomatic individuals. Circ Cardiovasc Imaging
2012;5:467-73.

[111] Miname M, Alves R, Moraes S, Silva P, Bittencourt M, Jannes C, et al. Coro-
nary artery calcification is superior to classical risk factors as predictor of
cardiovascular disease in familial hypercholesterolemia. ] Am Coll Cardiol
2018;71:A1679 (abstr).

[112] Pérez de Isla L, Alonso R, Muiiiz-Grijalvo O, Diaz-Diaz JL, Zambén D, Mi-
ramontes JP, et al. Coronary computed tomographic angiography findings
and their therapeutic implications in asymptomatic patients with famil-
ial hypercholesterolemia. Lessons from the Safeheart study. ] Clin Lipidol
2018;12:948-57.

[113] Miname MH, Bittencourt MS, Moraes SR, Alves RIM, Silva PRS, Jannes CE,
et al. Coronary artery calcium and cardiovascular events in patients with fa-
milial hypercholesterolemia receiving standard lipid-lowering therapy. JACC
Cardiovasc Imaging 2019;12:1797-804.

[114] Saad M, Pothineni NV, Thomas ], Parikh R, Kovelamudi S, Elsayed D,
et al. Coronary artery calcium scoring in young adults: evidence and chal-
lenges. Curr Cardiol Rep 2018;20:10.

[115] Caballero P, Alonso R, Rosado P, Mata N, Fernandez-Friera L, Jiménez-Bor-
reguero LJ, et al. Detection of subclinical atherosclerosis in familial hy-
percholesterolemia using non-invasive imaging modalities. Atherosclerosis
2012;222:468-72.

[116] Vlahos AP, Naka KK, Bechlioulis A, Theoharis P, Vakalis K, Moutzouri E,
et al. Endothelial dysfunction, but not structural atherosclerosis, is evident
early in children with heterozygous familial hypercholesterolemia. Pediatr
Cardiol 2014;35:63-70.

[117] de Jongh S, Lilien MR, Bakker HD, Hutten BA, Kastelein JJ, Stroes ES. Family
history of cardiovascular events and endothelial dysfunction in children with
familial hypercholesterolemia. Atherosclerosis 2002;163:193-7.

[118] Ershova Al, Meshkov AN, Rozhkova TA, Kalinina MV, Deev AD, Rogoza AN,
et al. Carotid and aortic stiffness in patients with heterozygous familial hy-
percholesterolemia. PLoS ONE 2016;11:e0158964.

[119] Tada H, Kawashiri MA, Nohara A, Inazu A, Mabuchi H, Yamagishi M. Assess-
ment of arterial stiffness in patients with familial hypercholesterolemia. J Clin
Lipidol 2018;12:397-402.e2.

[120] Santos RD, Gidding SS, Hegele RA, Cuchel MA, Barter PJ, Watts GF,
et al. Defining severe familial hypercholesterolaemia and the implications
for clinical management: a consensus statement from the international
atherosclerosis society severe familial hypercholesterolemia panel. Lancet
Diab Endocrinol 2016;4:850-61.

[121] Pérez-Calahorra S, Sdnchez-Herndndez RM, Plana N, Marco-Benedi V, Pe-
dro-Botet ], Almagro F, et al. Value of the definition of severe familial hy-
percholesterolemia for stratification of heterozygous patients. Am ] Cardiol
2017;119:742-8.

[122] Paquette M, Dufour R, Baass A. The montreal-fh-score: a new score to pre-
dict cardiovascular events in familial hypercholesterolemia. J Clin Lipidol
2017;11:80-6.

[123] Pérez de Isla L, Alonso R, Mata N, Fernandez-Pérez C, Muiiiz O, Diaz-Diaz ]L,
et al. Predicting cardiovascular events in familial hypercholesterolemia: the
safeheart registry (Spanish familial hypercholesterolemia cohort study). Cir-
culation 2017;135:2133-44.

[124] Paquette M, Chong M, Thériault S, Dufour R, Paré G, Baass A. Polygenic risk
score predicts prevalence of cardiovascular disease in patients with familial
hypercholesterolemia. J Clin Lipidol 2017;11:725-732.e5.



http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0074
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0075
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0075
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0075
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0075
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0076
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0076
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0076
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0076
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0077
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0077
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0077
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0077
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0077
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0077
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0077
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0077
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0078
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0078
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0078
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0078
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0078
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0078
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0078
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0079
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0079
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0079
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0079
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0079
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0079
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0079
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0079
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0080
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0080
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0080
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0080
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0080
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0080
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0080
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0080
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0081
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0081
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0081
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0081
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0082
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0082
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0082
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0082
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0082
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0082
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0082
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0082
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0083
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0083
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0084
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0084
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0084
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0084
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0084
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0085
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0085
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0085
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0085
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0085
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0085
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0085
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0085
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0086
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0086
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0086
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0086
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0086
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0086
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0086
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0087
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0087
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0087
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0087
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0087
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0087
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0087
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0088
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0088
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0088
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0088
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0088
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0088
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0088
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0089
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0089
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0089
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0089
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0089
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0089
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0090
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0090
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0090
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0090
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0090
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0090
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0090
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0090
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0091
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0091
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0091
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0091
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0091
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0091
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0091
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0092
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0092
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0092
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0092
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0092
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0092
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0092
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0092
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0093
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0093
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0093
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0093
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0093
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0093
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0093
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0093
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0094
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0094
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0094
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0094
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0094
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0094
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0094
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0095
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0095
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0095
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0095
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0095
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0095
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0095
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0095
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0096
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0096
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0096
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0096
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0096
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0096
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0097
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0097
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0097
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0097
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0097
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0097
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0097
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0097
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0098
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0098
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0098
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0098
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0098
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0098
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0098
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0098
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0099
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0099
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0099
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0100
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0100
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0100
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0100
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0100
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0100
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0100
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0100
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0101
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0101
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0101
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0101
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0101
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0101
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0102
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0102
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0102
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0102
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0102
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0103
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0103
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0103
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0103
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0103
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0103
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0103
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0104
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0104
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0104
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0104
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0104
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0104
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0104
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0104
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0105
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0105
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0105
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0105
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0105
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0106
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0106
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0106
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0106
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0106
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0106
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0106
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0107
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0107
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0107
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0107
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0107
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0107
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0108
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0108
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0108
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0108
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0108
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0108
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0108
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0108
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0109
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0109
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0109
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0109
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0109
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0109
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0109
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0110
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0110
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0110
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0110
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0110
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0110
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0110
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0110
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0111
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0111
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0111
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0111
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0111
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0111
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0111
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0111
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0112
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0112
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0112
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0112
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0112
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0112
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0112
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0112
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0113
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0113
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0113
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0113
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0113
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0113
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0113
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0113
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0114
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0114
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0114
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0114
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0114
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0114
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0114
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0114
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0115
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0115
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0115
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0115
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0115
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0115
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0115
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0115
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0116
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0116
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0116
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0116
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0116
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0116
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0116
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0116
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0117
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0117
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0117
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0117
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0117
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0117
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0117
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0118
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0118
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0118
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0118
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0118
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0118
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0118
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0118
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0119
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0119
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0119
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0119
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0119
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0119
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0119
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0120
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0120
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0120
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0120
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0120
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0120
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0120
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0120
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0121
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0121
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0121
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0121
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0121
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0121
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0121
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0121
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0122
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0122
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0122
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0122
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0123
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0123
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0123
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0123
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0123
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0123
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0123
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0123
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0124
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0124
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0124
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0124
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0124
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0124
http://refhub.elsevier.com/S1050-1738(20)30041-4/sbref0124
https://doi.org/10.1016/j.tcm.2020.03.004

	Why patients with familial hypercholesterolemia are at high cardiovascular risk? Beyond LDL-C levels
	Introduction
	FH: Genetic, epidemiological and clinical aspects
	FH: Therapeutic aspects
	Magnitude of CVD risk in FH populations
	Traditional predictors of CVD in FH
	Other CVD risk modifiers in FH
	Genetic parameters
	Other parameters

	Tools for CVD risk stratification in FH
	Indices of vascular injury
	Algorithms for the assessment of the cumulative prognostic impact of CVD risk predictors

	Conclusions
	Acknowledgements
	References


