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Abstract

Purpose of Review Familial hypercholesterolemia (FH), a common inherited disorder of LDL-C metabolism that predisposes
to premature cardiovascular disease, is underdiagnosed. Despite recommendations for screening all children and initiation
of lipid-lowering medication beginning at 8—10 years of age, adherence to guidelines is low. Most individuals with FH are
inadequately treated, especially women and children. The purpose of this review is to discuss current literature and recom-
mendations for the diagnosis and treatment of heterozygous FH (HeFH) in the pediatric population.

Recent Findings Twenty-year outcome data demonstrate lower rates of atherosclerotic cardiovascular disease (ASCVD)
related events and death in individuals with FH who were treated with statins from childhood, compared to those who initiated
statins in adulthood. While diagnosis rates of FH are slowly improving, most clinicians do not adhere to recommendations
for cholesterol screening in youth.

Summary Identifying youth with FH offers the opportunity for early intervention to prevent ASCVD and identify affected
relatives through reverse cascade screening.

Keywords Familial hypercholesterolemia - Cascade screening - Cholesterol screening - Pediatric preventive cardiology -
Cardiovascular disease - Children
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Fig. 1 Global risk factors. A
number of risk factors, condi-
tions, and enhancers have been
identified that are known to
cause or increase the likelihood
of premature ASCVD in adults.
Although noninvasive studies
have demonstrated an associated
risk in children, including those
with HeFH, outcome studies are
lacking. Until further evidence
becomes available, the presence
of risk factors, conditions, and
enhancers in children with
HeFH may be helpful in prop-
erly assessing risk and helping
define therapeutic targets

8-10 years of age to decrease the lifetime exposure to ath-
erogenic lipoproteins, the underlying cause of atheroscle-
rosis. This process starts at an early age and accelerates
by age 20 [3]. Currently, HeFH is largely underdiagnosed,
with less than 10% of affected adults being aware of their
condition [2].

Such findings are the basis for the 2011 recommenda-
tion from the National Heart, Lung and Blood Institute
(NHLBI) and American Academy of Pediatrics (AAP)
for universal cholesterol screening of all children, regard-
less of their health status or family history, and selective
screening of those 2 years of age and older with risk fac-
tors and conditions. The goal of screening is to identify
those with HeFH and initiate appropriate treatment, start-
ing at a young age [4] (Table 1). This recommendation is
in contrast to previous guidelines which advocated only
selective screening [5]. In this review, we discuss current
recommendations for diagnosis and treatment of youth
with HeFH 18 years of age and younger, with the goal
of preventing ASCVD-related premature morbidity and
mortality in this high-risk population.
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Overview of HeFH in Children
Diagnostic Criteria

The diagnosis of HeFH is based on clinical criteria, dem-
onstration of a pathogenic gene variant, or both. There
are three established algorithms (plus a fourth recom-
mendation) for clinical diagnosis of HeFH, all of which
may be applied to children (Table 2). The Simon-Broome
Register [6] and Dutch Lipid Clinic Network [2] criteria
rely on physical findings and family history in addition to
the results of genetic testing. The MEDPED (Make Early
Diagnosis, Prevent Early Death) criteria [7] utilize only
total cholesterol and family history. Each has benefits and
limitations when applied to children. To facilitate the diag-
nosis in children, the American Heart Association (AHA)
recommended a fourth method that relies only on labora-
tory values and reported history [8].

While physical findings and family history are help-
ful, their ability to identify children with FH is limited.
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Table 1 Recommendations for cholesterol

youth <21 years [4]

screening  of

Age (years) Selective screening* Universal
screen-
ing**

<2 No No

2-8 Yes No

9-11 Yes Yes

12-16 Yes No

17-21 Yes Yes

Both selective and universal cholesterol screening can be performed
fasting or non-fasting, by venipucture or fingerstick and measured
using point of care or laboratory methodology

*If any of the following criteria are met:

e Parent, grandparent, aunt/uncle, or sibling with myocardial infarc-
tion, angina, stroke, coronary artery bypass graft, stent, or angioplasty
(age < 55 years in males, < 65 in females)

o Parent with total cholesterol > 240 mg/dL or known hypercholeste-
olemia

e Child has diabetes (type 1 or 2), hypertension, BMI > 95%ile or
uses tobacco

o Child has a special risk condition (post orthotopic heart transplant,
chronic kidney disease, end-stage kidney disease, post renal trans-
plant, Kawasaki disease with current or regressed aneurysms, chronic
inflammatory disease such as systemic lupus erythematosus or juve-
nile idiopathic arthritis, human immunodeficiency virus infection, or
nephrotic syndrome)

**Universal screening includes all children regardless of their health
status or family history

Physical manifestations of hypercholesterolemia are rare
during childhood, while family histories are often incom-
plete, inaccurate, or unavailable. Many families are una-
ware of the health histories of relatives and access to their
medical records unlikely.

Clinicians should be aware that over the past 50 years,
the typical presentation of adults with HeFH has changed,
resulting in what the authors term “the unnatural family his-
tory.” The high prevalence of statin use in adults has sig-
nificantly altered the traditional history of elevated levels
of cholesterol and premature ASCVD. A growing number
of adults have received treatment for hypercholesterolemia
without a confirmed diagnosis, and as a result, are less likely
to have characteristic physical findings of HeFH or have
experienced a premature ASCVD-related event.

Prevalence of HeFH

Recent studies estimate the prevalence of HeFH between 1
in 200-300, with slight variations depending on the study
population and diagnostic criteria used. A meta-analysis
estimated the prevalence at 1 in 311 in the general popula-
tion, based upon data from over 10 million individuals [9].
Among those with a diagnosis of ASCVD, the prevalence

was 1 in 17 [10], and among those with ASCVD under
50 years of age, the prevalence rose to 1 in 5 [11]. In the
USA, 1 in 250 adults has diagnostic criteria consistent with
HeFH [12]. Pediatric prevalence studies found HeFH in 1
in 267 Australian [13] and 1 in 267 US adolescents [12].

Risk Enhancers

Other conditions enhance the risk for premature ASCVD
in individuals with and without HeFH (Fig. 1). Studies of
risk stratification in youth with HeFH are limited due to
the extended length of time from diagnosis to the onset of
ASCVD. Therefore, our current understanding is primarily
extrapolated from studies in adults. Only conditions linked
to ASCVD in individuals with HeFH are reviewed here. The
reader is referred to the NHLBI Guidelines [4] or the AHA
High-Risk Pediatric Populations statement [14ee] for com-
prehensive reviews of the impact of risk enhancers in the
general pediatric population.

In adults with HeFH, the presence of additional plasma
lipids and lipoproteins abnormalities, namely, low high-
density lipoprotein cholesterol (HDL-C) and/or elevated
triglycerides (TG) [15], is independently associated with
ASCVD-related events. The degree of LDL-C elevation and
duration of exposure is critical in determining risk. Adults
with HeFH and high LDL-C have earlier onset of ASCVD
[2, 16-18], lending support for early treatment of HeFH.
Following 20 years of statin therapy started in childhood,
young adults with HeFH had, compared to their affected
parent who started statin therapy later in life, lower rates of
both ASCVD-related events (1%) and death (0%) at age 39
than their affected parent at a comparable age (26% and 7%,
respectively) [19ee].

Lipoprotein (a) [Lp(a)] is a plasma lipoprotein consisting
of an LDL-like particle linked to apolipoprotein (a). It is
well characterized in adults; observational and genetic evi-
dence support an independent, causal relationship between
high Lp(a) and increased risk of ASCVD [20, 21]. Individu-
als with both HeFH and high Lp(a) are at very high risk for
premature ASCVD [22]. In a study of children with HeFH,
those from families with early-onset ASCVD were 3X more
likely to have Lp(a) > 50 mg/dL compared to children from
families with late-onset ASCVD. Family history of early
ASCVD was more predictive of a child’s Lp(a) level than
the child’s peak LDL-C [23].

The limitations notwithstanding, when reliable family
history is available, it is the strongest risk predictor of a child
having HeFH. In children with [24, 25] and without [26]
HeFH, a family history of ASCVD is a strong independent
risk factor for future ASCVD-related events.

In adults, the presence of a pathogenic genetic variant
for HeFH increases the risk for ASCVD at all LDL-C levels
compared to individuals without a pathogenic variant [27].
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Table 2 Diagnostic criteria
for heterozygous familial
hypercholesterolemia in
children

Simon Broome criteria [6]
Definite or Probable diagnosis of HeFH requires elevated cholesterol:
e Total cholesterol > 260 mg/dL or LDL-C > 155 mg/dL if <15 years
e Total cholesterol >290 mg/dL or LDL-C > 190 mg/dL if > 16 years
PLUS
One or more additional findings:
Definite HeFH: additional findings
1. Tendon xanthoma in the child, first-degree relative, or second-degree relative
2. Genetic testing of a confirmed pathogenic variant (LDLR, ApoB, or PCSK9)
POSSIBLE HeFH: additional findings
1. Family history of myocardial infarction <60 years in a first-degree relative or <50 years in a
second-degree relative
2. Family history of a total cholesterol >290 mg/dL in a first or second-degree relative who
is > 16 years, or >260 mg/dL a sibling who is <15 years
MEDPED criteria [7]
A child is considered to have HeFH if total cholesterol meets or exceeds the threshold listed below.

Thresholds vary based upon whether or not there is a first-, second-, or third-degree relative known to
have HeFH

Child’s age Does the child have one or more relatives with HeFH?
<19 years Yes No
First degree Second degree Third degree N/A
Total cholesterol >220 mg/dL >230 mg/dL >240 mg/dL >270 mg/dL

Dutch lipid clinic network criteria [2]

Diagnosis of HeFH is based on the total number of points obtained. Definite HeFH, > 8 points. Probable
HeFH, 6-8 points. Possible HeFH, 3-5 points. Unlikely HeFH, < 3 points

Criterion: Points

Family history:

First-degree relative with known premature ASCVD (< 55 years in men, <60 years in 1
women), OR first-degree relative with LDL-C >95%ile

First-degree relative with tendinous xanthomata and/or arcus cornealis, OR pediatric first- 2
degree relative with LDL-C >95%ile

Clinical history:

Patient with premature ASCVD (<55 years in men, <60 years in women) 2
Patient with premature cerebral or peripheral vascular disease

Physical examination:

Tendinous xantomata 6

N

Arcus cornealis with onset prior to 45 years
Patient’s cholesterol levels

LDL-C>330 mg/dL

LDL-C 250-329 mg/dL

LDL-C 190-249 mg/dL

LDL-C 155-189 mg/dL

Genetic testing

Pathogenic variant in LDLR, APOB, or PCSK9 8
American Heart Association criteria [8]

Children (<18 years) with LDL-C > 160 mg/dL. AND

Family history of elevated cholesterol or premature ASCVD AND

—_ W W

No evidence of secondary causes of hypercholesterolemia

In contrast, the presence or absence of a pathogenic variant  based solely upon the level of LDL-C. Less overlap of LDL-C
in children with HeFH may not be as predictive for ASCVD. values is seen in children [28-31], making the diagnosis of
This, in part, may be due to an age-related decline in the ability =~ HeFH based upon the level of LDL-C more likely in children
to distinguish FH from other causes of hypercholesterolemia  vs. adults. The increased risk imposed by a pathogenic variant
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may simply distinguish adults with high LDL-C from birth
from those who acquired LDL-C elevation later in life due to
unhealthy lifestyle choices.

Screening Guidelines for HeFH

There are three different strategies to identify adults and
children with HeFH: traditional and reverse cascade screen-
ing, selective screening of individuals at-risk of HeFH with
or without a known affected family member, and universal
screening regardless of health status and risk factors.

Historically, traditional cascade screening has been the pri-
mary strategy to identify individuals with HeFH, i.e., testing of
first and second-degree relatives of an adult index case who has
high hypercholesterolemia and premature ASCVD. The effective-
ness of cascade screening varies from 0.4-2 additional cases per
index case [32-34]. Modeling has demonstrated that while cascade
screening is helpful, it is not sufficient to achieve high detection
rates [35]. Limited data is available about the impact of reverse
cascade screening, i.e., using a child with FH as the index case.

Selective screening of children with risk factors for pre-
mature ASCVD was initially recommended in 1992 [5] and
was the sole method utilized until 2011 [36]. The CARDIAC
project, which included 20,000 children, found the prevalence
of elevated LDL-C to be higher in children who did not meet
selective screening criteria compared to those that did. In this
study population, application of selective screening would
have failed to identify 37% of children who met criteria for
pharmacotherapy [37]. Based on these findings, in 2011,
universal cholesterol screening was recommended [4]. This
recommendation, however, has been controversial, receiving
an “I” recommendation from the United States Preventive
Services Task Force (USPSTF) [38]. Notably, the USPSTF
concluded they were unable to recommend for or against uni-
versal screening based upon their methodology. Adherence to
universal cholesterol screening of children by the US clinicians
remains low, with most reported screening rates falling below
5% [39-43].

Data suggest that universal screening in childhood com-
bined with reverse cascade screening may represent an optimal
approach to improve detection of HeFH. In a US health care
system with over 50% of children screened for hypercholes-
terolemia [40], children served as the proband for cascade
screening of family members [44]. A similar experience was
reported in Beijing [45].

Clinical Evaluation

History, Physical Examination, and Family History

Youth with HeFH are asymptomatic. HeFH does not predis-
pose children to becoming overweight or obese, although

unhealthy lifestyle choices may exacerbate LDL-C elevation
and contribute to excessive weight gain. Physical manifesta-
tions, such as xanthoma, xanthelasma, and thickening of the
Achilles’ tendons, are extremely rare in children and, when
present, should prompt investigation for other causes, such
as homozygous familial hypercholesterolemia [46], sitos-
terolemia [47, 48], and primary sclerosing cholangitis [49].
Family history can be helpful but is often incomplete, unreli-
able, or unavailable and fails to identify as many as 30-60%
of youth with hypercholesterolemia [50].

Laboratory Testing

Recommendations for cholesterol screening in youth are
shown in Table 1. While the primary aim of cholesterol
screening is to identify HeFH [51], use of a lipid panel may
detect other abnormalities which, if present, do not exclude
the possibility of HeFH.

Initial screening results suggestive of HeFH should be
confirmed with repeat testing. Tests to exclude secondary
causes, including thyroid, liver, and kidney abnormalities,
are required. Follow-up testing is recommended 3—6 months
after implementation of lifestyle changes. Lp(a) testing is
recommended in all youth with clinically suspected or genet-
ically confirmed HeFH [21]. Routine measurement of apo
B, apo A1, and advanced lipoprotein analysis is not recom-
mended [4] at this time, although may be helpful in selected
cases. The evaluation of a child with suspected HeFH should
include all non-modifiable and modifiable risk enhancers
[52].

Genetic Testing

Genetic testing of individuals with HeFH is recommended
to facilitate diagnosis, initiate, and inform recommenda-
tions for intensity of lipid-lowering therapy and to identify
affected relatives through reverse cascade screening [53,
54, 55¢]. Genetic testing may provide closure for some
parents and caregivers, validating the need for long-term
pharmacotherapy.

Pathogenic variants exhibit significant variability in phe-
notype, both within the same family and among carriers
with the same mutation in different populations. Therefore,
while genetic testing can provide diagnostic confirmation
and enhance risk stratification, genetic counseling, and clini-
cal decision-making, it must be combined with biochemical
testing, imaging when indicated, family history and out-
comes studies in order to develop treatment recommenda-
tions [55¢]. The absence of genetic testing should not delay
treatment of individuals with a clinical diagnosis of HeFH
nor in those in whom no genetic variant is found.
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The optimal age for genetic testing is unclear. Clinicians
should consider the potential for unintended consequences of
genetic testing, especially in children. Counseling prior to genetic
testing is necessary, including a discussion of cost, testing limita-
tions, potential for psychological harm, stigmatization, and dis-
crimination [56]. Clinicians should familiarize themselves with
current recommendations for genetic testing in children, as there
are ethical considerations unique to their population [56].

Clinical Management
Dietary Management

A diet low in saturated and trans fats is fundamental to
lower LDL-C. Dietary management of HeFH is best imple-
mented in a stepwise, family-centered approach, using the
Cardiovascular Health Integrated Lifestyle Diet 2-LDL diet
(CHILD 2-LDL) to lower cholesterol [4]. In those who have
an elevated TG, incorporating a CHILD 2-TG diet may also
be beneficial. Data supporting these recommendations are
limited; one of the only studies to evaluate the impact of the
CHILD-1 diet on LDL-C reported a 5.1 mg/dL reduction
[57]. For more information, the reader is referred to a recent
review of dietary studies in children [58].

It is import for the family to understand that a high-fat
diet can further exacerbate the LDL-C elevation caused by
FH, while a low-fat diet, in the absence of lipid-lowering
therapy, cannot completely mitigate the LDL-C elevation.
Consistent modeling of healthy behaviors by the parents or
caregivers is critical for the child to be successful. Coun-
seling by an experienced Dietitian Nutritionist is strongly
recommended for families with HeFH; when access is lim-
ited, clinicians are encouraged to utilize online resources.
The assessment and stepwise approach to dietary counseling
has previously been reviewed [59].

Nutritional Supplements and Nutraceuticals

Data regarding use of dietary supplements in children are
sparse. Generally, supplements are not effective and/or not
recommended. Fish oils rich in omega-3 fatty acids (O-3-
FAs) are frequently recommended for children with hyper-
cholesterolemia. However, O-3-FAs primarily lower triglyc-
erides and may elevate LDL-C. Soluble fiber and garlic have
little or no efficacy in LDL-C reduction. The active ingredi-
ent contained in red yeast rice is identical to lovastatin; due
to lack of regulation and oversight of supplements, data are
limited and red yeast rice is not recommended for children.
Plant stanols and sterols can lower LDL-C modestly but may
adversely impact fat-soluble vitamin absorption and are not
generally recommended for children [60]. “Flush-free nia-
cin,” inositol hexaniacinate, which does not contain niacin
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(and therefore does not lower LDL-C), may be hepatotoxic.
Both immediate-release and slow-release niacin primar-
ily lower LDL-C, but are often associated with intolerable
flushing. Due to widespread availability and marketing as
“natural,” families often believe dietary supplements are
safer than prescription medications; however, none has been
proven to be either safe or effective in youth.

Pharmaceutical Treatment

In the USA, statins are the first-line pharmacotherapy recom-
mended for HeFH. All commercially available statins are FDA
approved, pravastatin, rosuvastatin, and pitavastatin starting at
8 years of age, all others at age 10, with an LDL-C level persis-
tently > 160 mg/dL after 3 to 6 months of lifestyle modification,
and a clinical presentation consistent with FH [2, 3, 14ee, 61].
A target LDL-C level of < 130 mg/dL or a 50% reduction from
baseline is frequently used in clinical practice, although data to
support this recommendation in youth is lacking.

Compared to clinical trials and population-based out-
come data in older adults, much less data is available to
guide clinical decision-making in youth. A recent review
of 10 studies involing 1191 children demonstrated efficacy
of statins with respect to LDL-C lowering and identified
no safety concerns [62]. When combined with Mendelian
randomization studies of LDL-C lowering, both “the lower,
the better” and “the younger, the better” emerge as important
concepts in pediatric HeFH management. Such concepts are
harmonious with data suggesting the burden of advanced,
irreversible atherosclerotic disease in adults is attributable
to delayed initiation of pharmacotherapy [63].

Importantly, pediatric guidelines do not differ with
respect to recommendations for statin therapy based on
gender. While some clinicians may be hesitant to prescribe
statins in girls due to potential teratogenic effects related
to pregnancy, with appropriate counseling and monitoring,
there are no contraindications in doing so.

Ezetimibe is FDA approved for children starting at
10 years of age. Some bile acid sequestrants are approved,
but their use is limited by relatively lower efficacy compared
to statins (less LDL-C reduction) and GI side effects. Other
pharmacotherapy options commonly used in adults (includ-
ing proprotein convertase subtilisin/kexin type 9 [PCSK9]
inhibitors, bempedoic acid, and inclisirin) are not currently
approved for use in children. Lipoprotein apheresis is limited
to children with homozygous FH.

Imaging

Routine imaging for children with HeFH is not recom-
mended; however, imaging is frequently necessary for
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clinical care of children with homozygous FH. The reader
is referred to existing guidelines for diagnosis and treatment
[46].

Future Directions

Given the ethical and logistical challenges of randomized
controlled trials (RCTs), which attempt to associate long-
term treatments started at young ages with ASCVD-related
outcomes, such studies are highly unlikely. While long-term
RCTs would be ideal, it is more likely that clinicians who
treat children with HeFH will continue to rely on epidemio-
logic, observational and Medellin randomization studies,
expert opinion, and short-term RCTs to help inform clinical
decision making and public policy.

Conclusion

HeFH is the best characterized and the most common poten-
tially lethal genetic disease affecting children. Universal,
selective and reverse cascade cholesterol screening repre-
sents unique opportunities to identify and initiate safe and
effective treatment to prevent premature ASCVD in chil-
dren with HeFH and their families. It is this ability to reli-
ably detect HeFH during childhood, identify affected fam-
ily members through reverse cascade screening, and offer
treatment to prevent premature ASCVD that underscores the
urgent need for clinicians to implement universal cholesterol
screening in childhood. Although long-term outcome stud-
ies in youth with HeFH are limited, other types of evidence
(observational studies, meta-analyses, and Medellin rand-
omization studies), as well as expert opinion continue to
help inform guidelines, intended to help define best practices
for the diagnosis and treatment of this high-risk population.
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