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Abstract

Background: [tis now well established that atherosclerosis begins in childhood and evolves through adolescence
and young adulthood, ultimately resulting in myocardial infarction and stroke in adults.

Main test: Childhood is a critical phase during which atherosclerosis may begin to develop; in the presence of famil-
ial hypercholesterolemia, lifelong elevation of Low Density Lipoprotein cholesterol levels greatly accelerates athero-
sclerosis. These concepts, which have been largely developed from epidemiologic evidence, have not always been

simple to implement in the paediatric clinical practice.

important genetic disease.

The purpose of this article is to briefly review but also to highlight the rationale, the motivation and the methods
in the process of identifying children and adolescents with familial hypercholesterolemia, an often hidden but very
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Background

Familial hypercholesterolemia (FH) is a common disor-
der of lipid metabolism, and the most common inher-
ited metabolic disease. It is characterized by elevated
serum levels of total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL-C), leading to premature
coronary heart disease (CHD) if left untreated. Due to
a genetic defect in the low-density lipoprotein (LDL)-
receptor (LDLR) pathway, affected patients cannot clear
LDL particles from the circulation; as a consequence,
life-long accumulation of low-density lipoprotein cho-
lesterol (LDL-C) in plasma and early atherosclerosis may
occur. The cumulative cholesterol burden is much greater
in homozygous FH (HoFH), and such patients develop
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severe life-threatening CHD and other vascular compli-
cations in late childhood and adolescence if not recog-
nized and treated [1]. The underlying defect is, in almost
90% of the genetically diagnosed FH patients, a mutated
LDLR, which results in a more than doubled plasma
LDL-C levels. In about 10% of FH patients, the cause is
a mutation in the gene-encoding apolipoprotein B, which
is the major protein of LDL particles. In less than 1%, a
mutation in the gene-encoding proprotein convertase
subtilisin/kexin type 9 (PCSK9) which is involved in
degrading LDLR, is identified. In the rare autosomal
recessive form (ARH), homozygous mutations in LDL
receptor adaptor protein (LDLRAP1) gene can also result
in an FH phenotype. The estimated prevalence of het-
erozygous FH (HeFH) is reported to be 1:200-500, but
recent reports have showed an even higher prevalence
such as 1:100-250 [2]. Such a prevalence would expect to
yield over 4.5 million patients in Europe and 35 million
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patients worldwide, of whom 20-25% are children and
adolescents [2, 3].

Despite an increasing knowledge of the clinical hall-
marks of FH, elevated LDL-C levels, family and personal
history of premature CHD, most cases of FH are not yet
being recognized, and most remain under-treated [3].

Phenotypic expression of FH in children and adolescents
In childhood, typical physical characteristics of FH, like
corneal arcus, xanthelasma and xanthomas, especially in
the Achilles tendons, in the extensor tendon on the dor-
sum of the hand and interdigital, are rare. If one or more
are present, this results to be almost pathognomonic for
FH. However, pain in the Achilles tendon is much more
present [2, 4].

Although cardiovascular events are rare in childhood,
children with FH show functional and morphological
changes in the vessel wall. Carotid intima-media thick-
ness (cIMT) and flow-mediated dilatation (FMD), both
surrogate markers for atherosclerosis, are respectively
increased and impaired in children with FH compared to
healthy controls. The difference in mean cIMT between
children with FH and unaffected siblings may even be
significant as early as the age of 8 years, according to
recent data [5].

In HoFH patients LDL-C levels exceed 500 mg/dL
(13 mmol/L), xanthomas are evident also at the age of
2-5 years and the onset of cardiovascular disease (CVD)
early in life can be disabling at a young age, also leading
to a shortened life expectancy [2].

Screening for HeFH in children

Children can be suspected of FH in at least three situa-
tions: a child from a family where HeFH has been identi-
fied or suspected (clinical/genetic criteria); a child from
a family with a history of premature (before the age of 55
and 60 years in men and women, respectively) CVD, or a
child with one of both parents being affected by primary
hypercholesterolemia. This emphasizes the importance
of assessing the family history regarding cholesterol lev-
els, CVD and confirmed or suspected related conditions
for all children [2, 6]. Screening strategies are summa-
rized in Table 1 (Tablel).
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National screening for cholesterol values, soon at birth
or later on, is currently not recommended. Although such
universal screening is technically feasible in the context
of neonatal screening on filter paper or later during the
school years, it may be expensive (especially if the option
of genetic analyses is chosen), raises a number of ethical
issues, and needs governmental decision and support.

On the other hand, selective screening should be rec-
ommended after the age of 2 years. Firstly, plasma choles-
terol levels are lower at birth and increase rapidly in the
first weeks of life, and then gradually until 2 years of age,
when lipid levels become quite constant up to the adoles-
cent growth spurt, being almost similar to those seen in
young adults. Secondly, literature studies do not recom-
mend any dietary treatment up to the age of 2 years. And
finally, the younger the children are, the less the chance
of overlap between LDL-C levels in subjects with and
without HeFH. Ideally, the screening should be proposed
between 2 and 10 years of age. Indeed, dietary habits are
more difficult to correct after this age, and a large varia-
tion in LDL-C (with average 10-20% fall) values occurs
during adolescence, with increasing risk of false negative
results.

In recent years, many authors have highlighted that
cascade screening of close relatives is generally highly
acceptable and does not impact on the quality of life.
Cascade screening starts with drawing a pedigree, with
the highlighting of subjects with a cardiovascular event
or hypercholesterolemia (clinical or genetically defined)
within the family tree. In the presence of FH, hypercho-
lesterolemia or the cardiovascular event is recognizable
in all generations, both in first and second degree rela-
tives. The request for relatives in pharmaceutical therapy
for hypercholesterolemia is also important [2, 6-9].

Diagnosis of FH in the paediatric population

Diagnosis in children should preferably be established
by the detection of FH-causing mutation, which is the
gold standard for diagnosis. Genetic testing, however, is
not always available. In that case FH in children can be
diagnosed phenotypically by the presence of an increased
LDL-C level plus a family history of premature CVD
or elevated LDL-C levels compatible with FH [4, 10].
Recently, the European Atherosclerosis Society (EAS)

Table 1 Screening strategies for Familial Hypercholesterolemia (FH) in children and adolescents, adapted from Pederiva et al. [4]

@ Universal screening: population screening for a specific age group.
@ Selective screening: screening for a specific (high-risk) population.

@ Cascade screening: from an index case (parent) to family members (including children).

@ Reverse screening: from an index case (child/adolescent) to other family members.

@ Child-parent screening: from children screened at a specific age to parents.
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proposed HeFH diagnostic criteria for children based
on LDL-C cut-off values and family history of hypercho-
lesterolemia and/or premature CVD [2]. The diagnostic
algorithm of FH is summarized in Table 2 (Table 2).

It is increasingly recognized that childhood and early
adolescence offer the most favorable timeframe for diag-
nosing FH, and also for introducing and maintaining life-
long treatment and management strategies. To achieve
such radical care from a young age will require a shift in
community and health professional perceptions of FH
and its effects on the young. Little attention has been
given to data for FH screening in general practice and by
paediatricians, who should be able to detect the majority
of affected subjects [11].

In countries with a history of dedicated screening pro-
grams, such as the Netherlands and Norway, the numbers
in terms of newly diagnosed FH index cases and cascade
tested relatives are much higher than in countries lack-
ing any formal screening program. The Dutch cascade
screening program, carried out between 1994 and 2014
using the services of genetic field workers, was very suc-
cessful. In Slovenia the use of universal screening for
children aged above 5 years has been introduced to help
with the detection of FH, but the practicalities and cost-
effectiveness remain to be better assessed. In the United
States universal screening of cholesterol values at age
9-11 years has been endorsed by the American Academy
of Paediatrics and the National Lipid Association (NLA),
but has been incompletely undertaken and cost benefit
analyses of this approach have not been performed [2].

Wald et al. examined the efficacy and feasibility of
child-parent screening for FH in primary care practices,
at routine immunization attendances by children aged
1-2 years in the UK over a three-years period. The child
provided the screening entry point at an age identified as
appropriate for the measurement of cholesterol. Once the
child is identified as having FH, one of the parents will
also harbour this condition, enabling two generations

Page 3 of 6

to be effectively screened as a part of the process. By
screening children, most FH-positive adults subsequently
identified should still be relatively young (average age of
parent/sibling of parent is about 30 years), providing the
opportunity for preventive treatment, prior to the onset
of ischaemic heart disease events [9].

Cascade screening of close family relatives of known
index cases is recognized as the most efficient and cost-
effective approach for identifying new FH patients. The
evidence to support cascade testing of relatives is based
on specialist center approaches rather than on screen-
ing from primary care. The Dutch FH program which
sought to find all FH patients, was centrally controlled
and involved all specialists in cardiovascular care as well
as general practitioners and had extensive media and sci-
entific journal exposure to increase awareness in the gen-
eral population and health professionals [12].

The improvement of public awareness about FH, espe-
cially in the community setting, needs to be addressed.
Many families may be aware of premature CVD death
in their own households, but the significance of these
past events and the potential future risk for their own
health is often not fully grasped. Young offsprings of
affected patients are likely to feel entirely healthy and
lacking in symptoms, and see no reason to commence
life-long treatment for a condition they perceive as pos-
ing no immediate or potential threat [13]. In this context,
all screening strategies to identify children with FH and
initiate early lipid management are characterized by low
adherence by the medical community and limited com-
pliance by parents and children.

Despite increasing knowledge about the preva-
lence and risks of FH, many health professionals do
not make any link between FH and the patient’s clini-
cal condition. A better appreciation of the underlying
genetic nature of the disease and the fact that it will
not be solely responsive to dietary and lifestyle inter-
vention is needed. Health professionals caring for

Table 2 Diagnosis of FH in children and adolescents, adapted from Wiegman et al. [2]

@ The most important key selective screening points are positive family history for premature CHD and elevated LDL-C levels

@ Phenotypic diagnosis should be made using blood cholesterol testing.

LDL-C> 190 mg/dL on two different blood samples performed at baseline and after a three-months period of nutrition and lifestyle treatment is

highly suggestive of a diagnosis of FH.

LDL-C>160 mg/dL and a positive family history of premature CHD in first degree relative and/or high blood cholesterol in first degree relative indi-

cates a highly probable diagnosis of FH.

LDL-C> 130 mg/dL and a parent with genetic diagnosis of FH is indicative of probable FH.

@ Secondary causes of hypercholesterolaemia should be ruled out.

@ DNA testing is the gold standard of the diagnosis. When a pathogenic LDL-R mutation is found in a first degree relative, children and/or adolescent

should also be genetically tested.

@ In case of a parent’s death for CHD, a child with hypercholesterolaemia (even if mild) should be tested genetically for FH and Lp(a) levels should be

assayed.




Banderali et al. Italian Journal of Pediatrics (2022) 48:115

children and adolescents and paediatricians should
always collect and document a family history of
hypercholesterolemia or early CVD during control
visits, specifically looking at high-risk children and
families. Even though atherosclerosis has its origins in
childhood, it is still considered an adult disease, pre-
dominantly because cardiovascular events do not usu-
ally occur for several decades, long after patients have
left paediatric services [14].

In recent years, FH Registers have been instituted in
many countries, with the aim of generating large scale
robust data on how FH is detected and managed. The
potential of FH Registers and improved coding for
FH needs to be linked to screening approaches, and
definition and harmonization of the clinical diagnosis
[15] (Fig. 1).

In Italy there is a specific network for the diagnosis
and study of genetic dyslipidaemias. The LIPIGEN-FH
(LIpid TransPort Disorders Italian GEnetic Network)
study is an observational, multicentre, retrospective
and prospective study established since 2009 to pro-
mote the diagnosis of genetic dyslipidaemias, with
a primary focus on FH. In 2018 LIPIGEN Paediatric
Gorup was founded, on the basis of the pre-existent
LIPIGEN register. The main aim of this sub-study,
including both paediatric and adult centers that (even
occasionally) manage FH subjects under 18 vyears, is
to improve detection, diagnosis, and management of

STUDY OF THE
GENETIC
BASIS OF
DISEASES
GENOTYPE- IDENTIFICATION
PHENOTYPE OF RISK
CORRELATION FACTORS
POTENTIAL ROLE
OF REGISTERS
proMOTION IDENTIFICATION
SHARED THERAPEUTIC
PROTOCOLS APPROACHES

EXCHANGE OF
INFORMATION
BETWEEN
DIFFERENT
CENTERS

Fig. 1 Potential role of pathology registers, adapted from Gazzotti
etal. [15]
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children and adolescents affected by FH. The LIPIGEN
Paediatric Group at present includes 31 Lipid Centers
all over Italy [15].

Expert commentary

Atherosclerosis may begin from conception, with evi-
dence that in utero exposure to maternal high blood
cholesterol impacts on arterial biology in the fetus [16].
Autopsy and imaging studies demonstrate that the
atherosclerotic process starts in childhood and pro-
gresses in direct relation to plasma LDL-C levels [5].
This strengthens the need for early treatment of chil-
dren with FH to reduce the impact on the cumulative
life-burden of LDL-C. These concepts, which have been
largely developed from epidemiologic evidence, have
not always been simple to implement in the paediatric
clinical practice. However, while individuals with FH
who are treated from young age can have a normal life
expectancy, FH remains largely under-diagnosed espe-
cially in the young population.

The reasons to screen for FH are simple and evident:
it is such an extremely common metabolic disorder,
affected patients die from this disease if untreated, and
a highly effective treatment is available. The fact that FH
is asymptomatic in children results in important adverse
outcomes and, on the other side, very often paediatri-
cians neglect to document the family history of hyper-
cholesterolemia or early CVD, which is the cornerstone
of selective screening. This emphasizes the importance
that any physician, when visiting children (whatever the
reason), assesses the family history with regard to cho-
lesterol levels, CVD and confirmed or suspected genetic
conditions [17].

An important issue, with respect to cholesterol screen-
ing, concerns the age at which screening might be most
effective. LDL-C may decrease during puberty and then
increase after puberty: thus, lipid values during puberty
may be misleading with respect to the likelihood of FH.

Identifying children and adolescents with FH is impor-
tant, but what is the best approach? Screening just prior
to the onset of puberty or in early puberty may be the
best choice, as those lipid levels may best reflect values
in adulthood; nevertheless, puberty occurs at different
age during adolescence. Furthermore, though periodical
health checks are recommended throughout 5-11 years
of age, many children in that age range do not comply
to regular visits during which lipid screening might be
performed [4].

Another issue to consider is that the atherosclerotic
process begins to accelerate at around 10 years of age.

There are many factors indicating that cholesterol
screening should be useful to identify FH children, but
there are clearly logistical issues to consider. Hopefully,
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the discussion about cholesterol screening should
address the identification of the important genetic
entity FH, rather focusing on the individuals who are
at highest lifetime risk of CVD, than on the role that
obesity and other environmental factors may play. It is
important to identify and develop clear approaches and
treatment strategies which need to be pragmatic and
context specific [18].

Optimal care for children and adolescents with FH
requires a multidisciplinary framework including pri-
mary care professionals, paediatricians, and adult
physicians.

The current screening strategy in Italy is not univer-
sal screening but target cascade screening for the iden-
tification of subject at high cardiovascular risk. In Italy,
every child should have a family doctor, that is to say a
dedicated paediatrician that follows the child from birth
to adolescence not only for illnesses, but also for growth
and neurodevelopmental monitoring and for non com-
municable disease prevention. In this context, the col-
lection of a detailed and problem tailored family history
for cardiovascular events in first and second degree rela-
tives is a fundamental milestone for cardiovascular dis-
ease prevention, so as the detection of children at high
cardiovascular risk and the prescription of a lipid profile
for these children [19].

Patient support groups and networks have a criti-
cal role in improving FH children’s care. Empower-
ing patients’ care may raise the awareness of FH in the
community and improve collaboration between patient
groups and the medical/scientific world.

Registers facilitate research and education and lead to
better patients’ health outcomes.

The start of atherosclerosis prevention early in child-
hood is likely to result in a greater reduction in CVD
morbidity and mortality than that achieved with current
efforts aimed at preventing events in older adults [19].

Conclusions

Early identification of children with FH is important to
prevent atherosclerosis at the earliest stage of devel-
opment, enables intervention at an early stage, when
maximum benefit can still be obtained via lifestyle
adaptations and therapy. Early detection and treatment
of FH in childhood and adolescence will gain decades
of healthy life.

During the last 20 years, a lot of experience has been
gained, and the means to solve most issues encountered
in screening programs have been published; however,
several evidence gaps need to be filled. This can improve
existing models of screening and care for children with
FH, which need to be context specific.
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A multidisciplinary framework integrating primary
care, pediatricians and adult physicians aiming at optimal
models of detection and care will ultimately change the
natural history of this common and life-threatening dis-
ease [2].
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