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Abstract: Detection and treatment of patients with familial hypercholesterolemia (FH) starting from
childhood is fundamental to reduce morbidity and mortality. The activity of National realities such
as the LIPIGEN (LIpid transPort disorders Italian GEnetic Network) Paediatric Group, founded in
2018, is a milestone in this context. The aim of this exploratory survey, conducted in October 2021
among Italian lipid clinics included in the LIPIGEN Paediatric Group, was to investigate the current
clinical approach in the management and treatment of paediatric patients with suspected FH. A
digital questionnaire composed of 20 questions investigating nutritional treatment and nutraceutical
and pharmacological therapy for children and adolescents with FH was proposed to the principal
investigators of 30 LIPIGEN centres. Twenty-four centres responded to the section referring to
children aged < 10 years and 30 to that referring to adolescents. Overall, 66.7% of children and 73.3%
of adolescents were given lipid-lowering nutritional treatment as the first intervention level for at least
3–4 months (29.2% and 23.3%) or 6–12 months (58.3% and 53.3%). Nutraceuticals were considered
in 41.7% (regarding children) and 50.0% (regarding adolescents) of the centres as a supplementary
approach to diet. Lipid-lowering drug therapy initiation was mainly recommended (91.7% and
80.0%). In 83.3% of children and 96.7% of adolescents, statins were the most frequently prescribed
drug. We highlighted several differences in the treatment of paediatric patients with suspected FH
among Italian centres; however, the overall approach is in line with the European Atherosclerosis
Society (EAS) recommendations for FH children and adolescents. We consider this survey as a
starting point to reinforce collaboration between LIPIGEN centres and to elaborate in the near future
a consensus document on the management of paediatric patients with suspected FH so as to improve
and uniform detection, management, and treatment of these patients in our country.

Keywords: familial hypercholesterolemia; paediatric; pathology register; survey; management

1. Introduction

Heterozygous familial hypercholesterolemia (FH) is a very common inherited disease,
as it involves approximately 1 subject in 250 in the general population [1,2]. Subjects with
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FH have altered blood lipid profile with elevated total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL-C), thus leading to an accelerated atherosclerotic process [3].
Detection and treatment of subjects with FH starting from childhood is an issue of utmost
importance, and it helps the patient “gain decades of life”, as stated in the International
Consensus Statement [1]. FH is still underdiagnosed and undertreated in the general popu-
lation [3]. Diagnosis and treatment of paediatric subjects with FH is even more challenging
both because the knowledge of disease among paediatricians is still low, and its manage-
ment must be different with respect to adult subjects. Current consensus documents [1]
on management of paediatric patients with hypercholesterolaemia agree that nutritional
intervention is the first-line treatment in this category of patients. The Mediterranean
diet is an optimal dietary pattern with a balanced intake of macronutrients and micronu-
trients, and it is widely adopted in our country. The Mediterranean diet implies a high
consumption of fruits, vegetables, whole cereals, low-fat meat, poultry, pulses, and fish,
with daily consumption of olive oil. Nutraceuticals with lipid-lowering effects can be used
from 6 years of age, and they can be added to nutritional interventions so as to enhance the
lipid-lowering effect and to reach lower plasma LDL-C levels. Pharmacological treatment
is feasible from 8 years of age with pravastatin and from 10 years of age with other statins
with higher lipid-lowering action. Pharmacological treatment must be adjusted according
to the patient’s plasma LDL-C levels, and these must be monitored with scheduled control
visits. The current guidelines [1] also indicate how to start therapy in paediatric patients
with FH, but clinicians should remember that children and adolescents cannot be consid-
ered as “little adults”, and they and their families need a more tailored and personalized
approach both for nutritional and the pharmacological treatment [4].

In order to verify possible limitations to the application of guidelines and to further
the collection of information that can support shared recommendations, it is essential to
know the approach used in current clinical practice. The implementation of a National
Pathology Register has been very useful in this context, as it allowed to focus on the
detection and treatment of subjects with FH and also on specific subgroups, such as
subjects aged less than 18 years [5,6]. In Italy, the LIPIGEN (LIpid transPort disorders
Italian GEnetic Network) study is an observational, multicentre study sponsored by the
Foundation of Italian Atherosclerosis Society (SISA) and established since 2009 to promote
the diagnosis of genetic dyslipidaemias, with a primary focus on FH [7]. The LIPIGEN
Network is constituted by lipid centres specialized in the diagnosis, management, and
treatment of genetically determined dyslipidaemias. Medical doctors working in LIPIGEN
centres have different and various residencies, such as internal medicine, cardiology, and
paediatrics, while they all have nutritional expertise and are educated on new and updated
lipid-lowering therapies. In some centres, dieticians are part of the LIPIGEN staff as well. In
2018, a subgroup of Italian Lipid Clinics involved in the LIPIGEN Network constituted the
LIPIGEN Paediatric Group [8]. This sub-study involves both centres specifically dedicated
to paediatric patients and adult centres dealing with paediatric patients as well. The aim
of the LIPIGEN Paediatric Group is to improve the diagnosis, detection, and treatment
of children and adolescents with FH [5]. In October 2021, the LIPIGEN Paediatric Group
accounted for over than 1600 subjects aged less than 18 years with a clinical and/or genetic
diagnosis of FH who were followed-up by the 30 LIPIGEN centres widely distributed in
the whole Italian national territory, with 5 of them specifically dedicated to the paediatric
population [8].

The aim of this exploratory survey is to investigate the current clinical approach in the
management and treatment of children and/or adolescents with suspected FH, providing
the basis to improve the data collection for paediatric follow-up analysis.

2. Methods

This survey was conducted among Italian lipid clinics included in the LIPIGEN
Paediatric group. In October 2021, a digital link was provided to the principal investigators
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of 30 LIPIGEN centres, which include specialized paediatric clinics or adult lipid clinics
that also manage individuals younger than 18 years of age with a suspected FH diagnosis.

The questionnaire is composed by a total of 20 questions in the Italian language
(11 multiple choice and 9 open-ended questions), repeated in two identical sections refer-
ring to (i) children < 10 years and (ii) adolescents ≥ 10 years (Supplementary Table S1).
Questions are repeated for these two different age groups so as to have a more precise
and accurate description of the management and treatment of paediatric patients with
suspected FH: younger patients are mainly treated with nutritional intervention, and
sometimes nutraceuticals are added to this first-line treatment, whereas adolescents often
receive pharmacological therapy as well starting from the age of 10 years. The principal
investigators were required to choose the answers that were a better fit with their normal
clinical practice.

The main topics of the survey refer to the following:

- Diet: type of diet, professional figure in charge of its preparation, how long it is
maintained, and how useful it is considered;

- Nutraceutical approach: when it is recommended, the patient’s compliance and the
parents’ concordance with the use of nutraceuticals, and how useful it is considered;

- Pharmacological therapy: when it is considered/started, with which drug it is gener-
ally started, and patient’s compliance and parents’ concordance with the drug use.

3. Statistical Analysis

Survey responses were imported into IBM SPSS Statistics for Windows, version 28 (IBM
Corp., Armonk, NY, USA). The prevalence of reported answers is described as percentages.

4. Results

Out of 30 centres to which the survey was sent, 24 responded to the part referring to
children aged < 10 years and 30 to the part referring to adolescents aged ≥ 10 years.

In almost all centres, after a suspected diagnosis of FH, both children and adolescents
receive lifestyle and dietary–nutritional indications, mainly consisting of a low-fat diet with
qualitative indications (66.7% of children and 73.3% of adolescents), sometimes custom-
developed by a dietician (25.0% and 26.7%, respectively), for at least 3–4 months (29.2% and
23.3%) or 6–12 months (58.3% and 53.3%, respectively) before starting a pharmacological
treatment. The main results on nutritional intervention are summarized in Table 1. Compli-
ance to dietary–nutritional indications was reported to be good (at least 8 on a 1–10 scale)
in 43.7% (for children) and 52.4% (for adolescents) of the centres.

Table 1. Nutritional intervention strategies according to age groups.

Nutritional Intervention Children Adolescents

Qualitative recommendations given by medical doctors 66.7% 73.3%
Qualitative recommendations given by dietician 25.0% 26.7%
Lasting for 3–4 months 29.2% 23.3%
Lasting for 6–12 months 58.3% 53.3%

The use of nutraceuticals or food supplements was documented in 54.2% of children
(in 3 out of 5 (60%) centres specifically dedicated to the paediatric population) and in 50.0%
of subjects ≥ 10 years (Figure 1).

In 41.7% (for children) and 50.0% (for adolescents) of the centres, the use of nutraceuti-
cals or food supplements is considered as a supplementary approach to diet before moving
on to pharmacological intervention. When administrated, this approach includes the
prescription of phytosterols (eight centres reporting the use in children and nine centres
in adolescents), monacolin K (six centres reporting the use in children and eight centres
in adolescents), and seldom berberine, glucomannan, and polyunsaturated fatty acids,
usually without the onset of any adverse events. (Only myalgia associated with mona-
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colin K was reported.) Moreover, on a 1–10 scale, the mean compliance among patients
with nutraceuticals/food supplements was reported as quite good and almost comparable
between young patients and adolescents (6.9 vs. 7.2), with a 43.8% (referring to children)
and 52.4% (referring to adolescents) reporting values of 8 or more. However, three centres
reported a compliance rate lower than 5 for adolescents, while only one centre reported
a compliance lower than 5 for children to nutraceuticals/food supplements. The mean
concordance of parents for nutraceuticals/food supplements intake was also good and
comparable between the two age groups (7.9 vs. 8.1).
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Analysing the therapeutic usefulness of the dietary–nutritional approach, lifestyle
modification, and = nutraceutical intervention, the implementation of dietary and lifestyle
habits in children and subjects ≥ 10 years was mainly reported to be crucial/very often
useful (70.8% and 75.0% in children vs. 72.4% and 83.3% in adolescents), while the use
of nutraceuticals was not perceived as useful in 70.9% and 74.0% of cases, respectively
(Figure 2).

The analysis of the answers relating to the pharmacological treatment showed that
lipid-lowering therapy initiation is mainly recommended regardless of the age (91.7% of
subjects with LDL-C ≥ 190 mg/dL and 80.0% of subjects with LDL-C ≥ 160 mg/dL, plus
other risk factors).

The lipid-lowering drugs more frequently prescribed as a first step are statins (83.3%
in children and 96.7% in adolescents), mainly including atorvastatin, pravastatin, and
rosuvastatin, with lower dosages at younger ages, and/or ezetimibe (29.2% and 30.0%,
respectively). Cholestyramine is rarely prescribed (N = 3 and N = 2, respectively) (Table 2).

Table 2. List of drugs usually prescribed to start the pharmacological therapy in children (<10 years)
and adolescents (≥10 years), ordered by frequency of active pharmaceutical ingredient prescription.

Children (<10 Years) Adolescents (≥10 Years)

Pravastatin 10–20–40 mg (N = 13) Rosuvastatin 5–10 mg (N = 18)

Rosuvastatin 2.5–5–10 mg (N = 10) Pravastatin 10–20–40 mg (N = 14)

Atorvastatin 10 mg (N = 7) Atorvastatin 10 mg (N = 14)

Ezetimibe (N = 7) Ezetimibe (N = 9)

Cholestyramine (N = 3) Cholestyramine (N = 2)
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Figure 2. Evaluation of the usefulness of dietary–nutritional approach (diet), lifestyle modifica-
tion (lifestyle), and nutraceutical intervention (nutraceuticals) in children (<10 years) (A) and in
adolescents (≥10 years) (B) by Italian lipid clinics.

Responders documented a rather low rate of side effects to the drugs as reported by
patients: mild myalgias, asthenia, and muscle toxicity in association with statin therapy
and cases of gastrointestinal adverse effects associated with cholestyramine treatment, with
the only report of an increased frequency of myalgias in statin-treated adolescents who
practice intense sporting activity.

The mean patient compliance to pharmacological therapy on a scale from 1 to 10 did
not differ between children and adolescents (8.1 in both groups), and the concordance of
parents with the administration of lipid-lowering treatment was the same among children
and subjects ≥ 10 years.
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5. Discussion

This is the first national survey conducted in Italy investigating the clinical manage-
ment and therapeutic approach of paediatric patients with suspected FH among lipid
clinics. The survey mainly focused on three topics: nutritional intervention, nutraceutical
use, and pharmacological therapy.

5.1. Nutritional Intervention

Nutritional treatment and lifestyle modification were the first-step interventions in
most of the involved lipid clinics; nutritional treatment lasted at least three months before
starting drug therapy. Most of the operators perceived nutritional treatment as useful
or very useful, and the reported compliance to nutritional intervention was shown to be
sub-optimal. Nutritional intervention is mainly dealt with by the medical doctor, and only
in 25% of cases it is carried out by a dietician. Nutritional intervention is performed for
at least 6–12 months in most centres before adding another therapy (58.3% for children
and 53% for adolescents), which is in line with the European Atherosclerosis Society (EAS)
recommendations, so as to reach a heart-healthy diet [9]. This finding is not unexpected
since nutritional intervention in young patients with FH is not a strict diet but a tailored
nutritional counselling aimed at achieving a healthy-heart lifestyle; in addition, most of the
lipid centres deal with adult subjects, and staff dedicated only to dietetic intervention are
not always present. We are currently working on this aspect so as to elaborate nutritional
indications that are more specific and targeted for paediatric patients with FH. According
to data available so far, nutritional lipid-lowering treatment is safe [10–13], and if well
established, it remains a lifestyle model for the patient to follow for their lifetime.

5.2. Nutraceutical Use

We included nutraceuticals in our survey, as they are nutritional compounds increas-
ingly used and studied in patients with FH during the last decades [9,14,15]. The use
of nutraceuticals or food supplements is recommended in 54.2% of children and 50.0%
of subjects ≥ 10 years by the interviewed centres. Nutraceuticals are considered as a
supplementary therapy in patients who are on nutritional treatment by almost half of the
centres. The most widely used products are phytosterols and monacolin K. Phytosterols are
included in International Guidelines for the treatment of paediatric patients with FH [16],
and they have a proven lipid-lowering activity and a good safety profile [17,18]. The
survey was conducted in October 2021; therefore, monacolin K is still mentioned among
useable nutraceuticals for paediatric patients with suspected FH. In June 2022, the Euro-
pean Commission Regulation stated that the individual portion of a nutraceutical for daily
consumption must provide less than 3 mg of monacolins from red yeast rice. Therefore, all
food supplements with a daily dose of monacolins from red yeast rice greater than or equal
to 3 mg/day will be banned at the European level, and mandatory mentions and warnings
will be required on the labels of food supplements with a daily dose of monacolins from
red yeast rice. Furthermore, monacolin K cannot be used anymore for patients aged less
than 18 years [19]. Fibres are not used in most centres even if they can be considered
as a food supplement for paediatric patients with FH and if their lipid-lowering effect
has been recognized by the European Food Safety Authority (EFSA) [20]. Nutraceuticals
containing fibres and phytosterols should always be considered as a complement to dietary
and lifestyle interventions. However, since there are no long-term safety trials and no large
intervention trials, these nutritional compounds should be used for a short period as a
complement to nutritional intervention or in subjects who cannot use drug therapy yet due
to their young age or to their mild hypercholesterolemia [15,21].

5.3. Pharmacological Therapy

Pharmacological lipid-lowering therapy is initiated in case of severe hypercholes-
terolemia (LDL-C ≥ 190 mg/dL or LDL-C ≥ 160 mg/dL, with additional risk factors) in
the majority of centres (91.7% and 80.0%, respectively). Statins are the most frequently
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prescribed drugs. This is in line with the current international recommendations [1]. There
is no concordance on the specific statin to use as a first-line therapy: pravastatin is one the
most studied, but it has an inferior lipid-lowering effect if compared to other molecules that,
on the contrary, are more powerful but have been studied for fewer years and might have
more side effects [1,22–24]. Nowadays, all the main consensus documents [1,9,16] agree
on statin use in paediatric patients with FH. However, this topic is still widely debated
both for the specific statin to start with and for the appropriate dosage. We found that the
treatments used were not uniformly distributed among centres. This is a quite expected
finding, but it represents a barrier to the analysis of follow-up data and to the evaluation
of the data quality. This is another point we are planning to develop so as to create a
consensus document to be used in all centres.

5.4. Strengths and Limitations

The LIPIGEN Paediatric Network includes 30 lipid centres located in almost all Italian
regions, dealing with more than 1600 patients aged less than 18 years, thus configuring
itself as one of the largest paediatric FH cohorts in Europe. Another strength of our survey
is that we evaluated real-life data, thus providing an updated and realistic picture of the
management of paediatric patients with suspected FH throughout the Italian territory.

Our survey is not free from limitations. First, the numerical imbalance between
“mixed” centres (dealing with both adult and paediatric patients) and paediatric centres
(dealing only with children and adolescents) did not allow us to carry out stratified analyses.
Second, in some “mixed” centres, the experience and know-how on subjects aged less
than 18 years could be limited. Nevertheless, the presence of LIPIGEN centres specifically
dedicated to the detection and management of paediatric patients with suspected FH
and the presence of a strong and well-established national network is without a doubt a
strength with respect to other countries where there are few centres or only ones often
geographically distant, with no ability to contribute to a factual and effective cooperation
and collaboration. Last, data were collected by the doctor/researcher; therefore, the survey
does not reflect the patients’ point of view and may give an incomplete picture of the actual
acceptability and sustainability of nutritional and pharmacological approaches.

6. Conclusions

In our survey, we aimed to provide a real-life picture of the approach of LIPIGEN
Paediatric centres in the management of patients aged less than 18 years with suspected FH.
We analysed the main treatments used for FH in children and adolescents. We highlighted
that there is no single, standardized approach in all centres and that some points still need
be addressed. However, the intervention strategies are in line with those recommended in
the International Consensus Documents. Our survey carried out throughout the LIPIGEN
Paediatric Network should be considered as the starting point to improve the detection,
management, treatment, and outcome of children and adolescents with a clinical diagnosis
of FH in Italy.
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