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Abstract: Background: Awareness, diagnosis, and treatment of familial hypercholes-
terolemia (FH) starting from childhood are a cornerstone of cardiovascular disease preven-
tion. The LIPIGEN Paediatric Group, a network of specialised centres for the diagnosis and
management of familial genetic dyslipidemia, is an active part of this mission. Materials
and Methods: This is the second exploratory survey organised within the LIPIGEN (LIpid
transPort disorders Italian GEnetic Network) paediatric centres. A digital questionnaire
consisting of 16 questions was proposed to the principal investigators of 35 LIPIGEN cen-
tres in September 2023. We analysed the main FH screening strategies implemented in Italy,
which are the referral characteristics to the lipid clinics and clinical and biochemical criteria
considered to diagnose FH in paediatric patients. Results: Centres frequently reported
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conducting cascade screening (88.6%) and reverse screening (57.1%), whereas 28.6% of
respondents indicated using selective screening and only 5.7% reported employing child–
parent screening. We documented a detailed biochemical characterisation of paediatric
patients (62.9% of respondents usually perform full lipoprotein profile and 80% determine
lipoprotein(a) for each patient) and a high percentage of genetic analysis (82.9%). We have
also highlighted a quite low awareness of FH as a genetic condition involving paediatric
patients among primary care paediatricians and general practitioners. Conclusions: The
results of our survey show that specialised lipid centres usually have good diagnostic
competence when dealing with paediatric patients with hypercholesterolemia. However,
FH awareness and the importance of early diagnosis and treatment initiation in childhood
still need to be further improved.

Keywords: familial hypercholesterolemia; paediatric; screening; diagnosis; survey

1. Introduction
Heterozygous familial hypercholesterolemia (FH) is a common genetic disease with an

autosomal co-dominant inheritance. Its estimated prevalence worldwide is 1:250–300 in the
general population, even if it is underestimated and undertreated in many countries [1–3].
Subjects with FH have elevated plasma total cholesterol and low-density-lipoprotein cholesterol
(LDL-C) since the very first years of life, so if they are undetected and untreated, they develop
premature atherosclerosis [4–7]. Early detection and treatment of subjects with FH starting
from childhood can grant a precocious nutritional and pharmacological intervention, thus
notably reducing the risk of cardiovascular events in young adults [8,9]. For decades, cholesterol
screening in childhood has been implemented in many countries, according to each country’s
health system and policy, so as to try to improve FH diagnosis [10–15].

Many countries have set up FH disease registries with the aim of improving the
ability to diagnose and treat the disease, but also to increase knowledge and awareness of
this genetic cause of early atherosclerosis among healthcare professionals, patients, and
institutions [16]. The LIPIGEN (LIpid transPort disorders Italian GEnetic Network) network
has been active in Italy for about 10 years, involving specialised centres for the diagnosis
and treatment of genetic dyslipidaemias, of which FH is the most represented due to its
higher prevalence. Since 2018, the paediatric subgroup (LIPIGEN Paediatric Group), has
been established specifically targeting subjects under the age of 18 [17].

The aim of this exploratory survey was to outline what is known about FH as a
genetic disease and as a disease to be treated from childhood. We have evaluated the main
access characteristics to the lipid clinic, the healthcare professionals referring patients, and
the clinical and biochemical criteria are considered when suspecting FH in children and
adolescents in the clinical practice.

2. Materials and Methods
This study employed a cross-sectional survey design to investigate the diagnostic

pathways and referral modalities for patients with FH across the 35 Italian lipid clinics
included in the LIPIGEN Paediatric Group (Figure 1) [17], which include paediatric clinics
(N = 8) or adult lipid clinics that also manage individuals younger than 18 years of age
with a suspected FH diagnosis (N = 27).
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Figure 1. Distribution of the 27 adult lipid clinics that also manage paediatric patients (A) and
8 exclusively paediatric clinics (B) included in the LIPIGEN Paediatric Group. Centres with at least
40 new paediatric patients per year are in red.

A structured questionnaire was developed to gather data on the diagnostic procedures
and referral patterns for FH patients. The questionnaire consisted of 16 multiple-choice
and open-ended questions to explore various aspects related to FH diagnosis and patient
pathways (Supplementary Materials). The questions investigated how a paediatric patient
with suspected FH is usually referred to the specialist centre and they also assessed the
proactive attitude in identifying subjects, such as the type of screening applied to identify
subjects with FH among paediatric patients, the parameters measured for the patient’s clas-
sification, and the criteria for recommending genetic analysis. The principal investigators
were required to choose the answers that better fit with their regular clinical practice.

The survey was administered electronically through a secure online platform. In
November 2023, the principal investigator in each centre was invited via e-mail to complete
the questionnaire, with an indication to answer the questions by reporting the usual clinical
practice of all the medical staff at that centre. Reminders were sent to non-respondents to
improve the response rate.

Survey responses were imported into IBM SPSS Statistics for Windows, version 28
(IBM Corp., Armonk, NY, USA). Quantitative data obtained from the survey were analysed
using descriptive statistics to examine frequencies and percentages of responses. Qualitative
data from open-ended questions were subjected to thematic analysis to identify common
patterns and themes.

3. Results
The questionnaire was completed by all the invited centres. The centres were spread

throughout the country, with 54% in the north, 23% in the centre, and 23% in the south of
Italy and the islands.

When asked whether a screening strategy for FH exists in their region, only one centre
reported the presence of a regional screening plan, while 8 centres (23%) indicated the
presence of a programme but at a local level.

Patient attendance varied widely, with one in three centres reporting fewer than
10 under-18 subjects as first visit per year and 23% reporting more than 40 under-18 subjects
as first visit per year; this proportion was higher (75%) among paediatric clinics.

The screening method for FH in paediatric subjects that was mainly implemented
at the responding centres (Figure 2) was cascade screening (88.6%), followed by reverse
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screening (57.1%). Selective screening, targeting specific groups of patients at risk, was
reported as the screening method in 28.6% of the total respondents. When only paediatric
clinics are considered, the percentage rises to 62.5%. Of note, a universal screening strategy
was not reported by any of the centres.
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Figure 2. Frequency of responses to the question “At your centre, which screening method for familial
hypercholesterolaemia is implemented in paediatric age?”.

Regarding the frequency of use, cascade screening and reverse screening were rou-
tinely applied by 62.9% and 71.4% of the centres, respectively, without relevant differences
between exclusively paediatric clinics and adult lipid clinics.

Regardless of clinical practice in individual centres, 45.7% of respondents indicated
a combination of different approaches as the most appropriate method of FH screening,
while 20.0% of them reported universal screening as the preferred method.

In the characterisation of the FH patients (Figure 3), beyond the lipid profile, genetic
testing is used by 82.9% of the centres and lipoprotein(a) [Lp(a)] measurement is used by
80.0%, with a higher percentage (87.5%) for paediatric clinics. The lipoprotein profile is
used by 62.9% of the centres, again with a higher percentage (75.0%) for paediatric clinics.
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Figure 3. Frequency of responses to the question “At your centre, what biochemical/genetic parame-
ters are required for the detection of familial hypercholesterolaemia?”.

In the decision to refer patients for genetic testing, all centres report LDL-C levels as
a guiding criterion. Family history of a cardiovascular event or hypercholesterolaemia is
considered in 80.0% and 74.3% of the centres, respectively, while non-response to dietary
intervention is a guiding criterion in 25.7% of the centres.

Overall, 80% of the centres reported receiving patients from the paediatrician. Less
frequently, they receive patients based on the recommendation of a general practitioner
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(68.6%) and seldom from a cardiologist (28.6%). One adult centre reported managing
paediatric patients as children of adult patients already treated at the centre.

Approximately 30% of centres reported that most patients are referred after being diag-
nosed with hypercholesterolaemia by their paediatrician. In contrast, a smaller percentage
of patients—typically less than 25%—is referred by general practitioners, following cascade
screening prompted by the diagnosis of FH in an adult index case (a first-degree relative of
the child) or directly by a family member who has been diagnosed with the condition.

4. Discussion
This is the second exploratory survey involving the lipid clinics of the LIPIGEN

Paediatric Group [17,18]. We evaluated FH screening in the clinical practice and our data
confirm that, in Italy, there are sporadic and local screening programmes addressing small
populations. When specifically asking which screening method was preferred and used,
most of the centres confirmed that cascade screening is the most useful tool to make an
FH diagnosis, in line with actual scientific evidence [10]. As a matter of fact, in those
countries where FH cascade screening has already been implemented on a national basis,
the FH diagnosis rate has considerably increased [13,19]. Reverse screening is often used
as well (57.1% of participants), both as a general type of FH screening and as a useful tool
in clinical practice. In our survey, centres reported applying cascade/reverse screening in
the majority of patients, with no differences between LIPIGEN centres dealing with only
paediatric or both paediatric and adult subjects. This evidence confirms the validity of
the LIPIGEN network and further highlights the importance of having centres dealing
with both paediatric and adult patients at the same site. Almost 30% of centres state that
selective screening was implemented predominantly in paediatric centres compared to
adult ones (62.5% vs. 18.5%). This response is in contrast with recent scientific evidence [20],
and it could be explained by the presence of “historical” centres among the LIPIGEN
network that had used this screening strategy decades ago, according to specific past
recommendations [19].

When asked about what the most appropriate FH screening strategy is, 45.7% of centres
indicated the combination of multiple screening methods, whereas only 20% declared that
universal screening is the best option. This response reflects the healthcare landscape in Italy,
where implementing systematic screening would demand an economic and organisational
investment that is not currently feasible. Indeed, the Prague Declaration states that every
country should implement the best FH screening strategy according to each country-specific
health system situation and funding [10].

A notable tendency toward conducting detailed analyses of biochemical parameters
in defining the suspicion of FH was also observed, along with a frequent reliance on
genetic confirmation. All centres require a full plasma lipid profile, and 62.9% of centres
also require a full lipoprotein profile (with a higher percentage among paediatric centres).
Lipoprotein(a) plasma levels were evaluated in four out of five centres and in more than
87% of paediatric centres (87.5%). These results are far better compared to those described
in the literature [16] and are probably due to the constant updates to scientific work carried
out among LIPIGEN network centres [21].

The percentage of centres referring their patients to undergo FH genetic testing is
82.9%, slightly higher than what was reported in other European countries [22]: this
finding is likely to be attributable to the adherence to the LIPIGEN network which supports
this practice [17]. When we looked more closely at the criteria for genetic testing of
paediatric patients, we found that LDL-C plasma levels, as well as family history for
hypercholesterolemia and premature coronary vascular disease, are considered by 74.3% of
centres dealing with adult patients and 80% of those dealing with paediatric ones, and this
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is in line with the recommendations by most recent consensus documents on paediatric
FH [19,23,24].

In the last section of the survey, we tried to identify which health professional figures
were involved in referring patients to the specialist centre. As expected, general paedia-
tricians were found to be the main doctors who referred paediatric patients to paediatric
lipid clinics [19,25,26]. Indeed, in the absence of a systematic screening programme at the
national level, the identification of children with suspected FH mostly occurs incidentally
by paediatricians, sometimes following lipid tests prescribed for other reasons. This ap-
proach also explains the significant involvement of general practitioners, who, in the Italian
healthcare system, can care for individuals as young as six years old. In a small percentage,
the general practitioner refers a paediatric patient after diagnosing FH in an adult family
member under their care. These results suggest a lack of awareness that FH is a frequent
dominant genetic condition [27–29], but this could also be due to a lack of knowledge about
the existence of specific centres for the diagnosis and treatment of the disease. Not only in
Europe but on all continents, the lack of awareness of FH is still one of the major barriers to
diagnosis [16], confirming what was already highlighted by the literature [13–15].

Approximately 30% of the centres identified cardiologists as the healthcare profession-
als who referred the patient to the specialised centre. Although this percentage is lower
compared to those related to other healthcare professionals, it should be regarded as a
warning sign, as it often implies that the cardiovascular risk in these young patients has
already manifested in a clinically evident event.

While our study demonstrates that diagnostic performance at the centres is commend-
able, it also reveals notable inconsistencies in the adoption of screening strategies and in
the collaboration between specialist centres, general practitioners, paediatricians, and other
specialists. We believe that these discrepancies underscore the urgent need for a common
set of guidelines or consensus documents to standardise practices across the network and
strengthen the link with primary care providers. Furthermore, beyond the routine surveys
conducted among the specialist centres, the LIPIGEN network will implement dedicated
surveys for both physicians and patients to enhance awareness of the critical importance
of early and accurate disease diagnosis. Promoting awareness and understanding of the
condition among all healthcare professionals and within families is crucial to ensuring
early diagnosis and timely initiation of therapy, thereby preventing the development of
cardiovascular events.

Strengths and Limitations

The design of a simple and fast-filling questionnaire was certainly an advantage
and resulted in optimal adherence (100% of centres participated in this survey). Another
strength is the very presence of the network, which has allowed us to interrogate different
clinical realities and to obtain a sampling of centres distributed throughout the country,
also considering that, in Italy, FH is mainly managed by specialists. However, we have to
recognise as a limitation that the answers were collected from medical doctors or researchers
at lipid centres; thus, their point of view on this topic could be different from that of general
practitioners and primary care paediatricians and from that of patients themselves. As a
matter of fact, a survey composed of a questionnaire filled in by both general practitioners
and patients would have been very difficult to achieve and it would probably have been
less effective to highlight adequate points of interest on this topic in a short time.

5. Conclusions
The results of our survey highlighted that FH screening strategies are adequately

known and implemented in the clinical practice by most of the involved lipid centres.
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Despite the lack of a shared systematic screening programme, we have documented robust
and refined diagnostic management of paediatric patients with FH, both considering the
high rate of Lp(a) plasma level determination and the high percentage of paediatric patients
who undergo genetic FH testing. The results of our survey advocate for a great need to
improve knowledge of FH and therefore the ability to diagnose and manage this condition
starting from childhood; the LIPIGEN Paediatric Group will be actively involved in these
issues as well as in the scientific research on this topic.

Supplementary Materials: A full template of the survey can be downloaded at https://www.mdpi.
com/article/10.3390/children12030288/s1.
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