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Abstract
Background Familial hypercholesterolemia (FH) is one of the most common autosomal dominant diseases. FH 
causes a lifelong increase in low-density lipoprotein cholesterol (LDL-C) levels, which in turn leads to atherosclerotic 
cardiovascular disease. The incidence of FH is widely underestimated and undertreated, despite the availability 
and effectiveness of lipid-lowering therapy. Patients with FH have an increased cardiovascular risk; therefore, early 
diagnosis and treatment are vital. To address the burden of FH, several countries have implemented national FH 
screening programmes. The currently used method for FH detection in Lithuania is mainly based on opportunistic 
testing with subsequent cascade screening of index cases’ first-degree relatives.

Methods A total of 428 patients were included in this study. Patients with suspected FH are referred to a lipidology 
center for thorough evaluation. Patients who met the criteria for probable or definite FH according to the Dutch Lipid 
Clinic Network (DLCN) scoring system and/or had LDL-C > = 6.5 mmol/l were subjected to genetic testing. Laboratory 
and instrumental tests, vascular marker data of early atherosclerosis, and consultations by other specialists, such as 
radiologists and ophthalmologists, were also recorded.

Results A total of 127/428 (30%) patients were genetically tested. FH-related mutations were found in 38.6% 
(n = 49/127) of the patients. Coronary artery disease (CAD) was diagnosed in 13% (n = 57/428) of the included patients, 
whereas premature CAD was found in 47/428 (11%) patients. CAD was diagnosed in 19% (n = 9/49) of patients with 
FH-related mutations, and this diagnosis was premature for all of them.

Conclusions Most patients in this study were classified as probable or possible FH without difference of age and sex. 
The median age of FH diagnosis was 47 years with significantly older females than males, which refers to the strong 
interface of this study with the LitHir programme. CAD and premature CAD were more common among patients 
with probable and definite FH, as well as those with an FH-causing mutation. The algorithm described in this study is 
the first attempt in Lithuania to implement a specific tool which allows to maximise FH detection rates, establish an 
accurate diagnosis of FH, excluding secondary causes of dyslipidaemia, and to select patients for cascade screening 
initiation more precisely.
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Introduction
Familial hypercholesterolemia (FH) is a common genetic-
metabolic autosomal dominant disorder characterized by 
impaired metabolism of low-density lipoprotein choles-
terol (LDL-C). The most common mutations that cause 
FH are found in the LDL receptor gene (LDLR), apolipo-
protein B (APOB) and pro-protein convertase subtilisin/
kexin 9 (PCSK9) genes [1, 2]. Due to the lifelong increase 
in blood lipoproteins, patients with FH are at increased 
risk of cardiovascular events, which, if left untreated, 
may manifest as atherosclerotic cardiovascular disease 
(ASCVD) [3, 4]. According to the latest data, the preva-
lence of FH in the general population is estimated to be 
approximately 1:300 and may be even greater in certain 
populations [5]. Furthermore, in their meta-analysis, 
Behasti et al. reported that the incidence of FH is 10-fold 
greater among patients with ischemic heart disease 
(IHD) than among the general population and is even 
20-fold greater among patients with premature IHD [6]. 
However, studies on the prevalence of FH are lacking in 
most countries, including Lithuania [6]. Petrulioniene et 
al., in their previous study, estimated that there could be 
as many as 14 240 patients with FH in Lithuania [7]; how-
ever, the exact prevalence of the disease neither in the 
general population nor in the IHD population is known.

There are two ways to diagnose FH: clinical and 
molecular. Clinical diagnosis relies on patient pheno-
typic data and is usually made using standardized cri-
teria (e.g., the Simon Broome criteria and Dutch Lipid 
Clinic Network criteria), which often have high specific-
ity and low sensitivity [8, 9]. The DLCN score has been 
proven to be effective at detecting and evaluating FH 
[8]. However, evidence that clinical criteria may be out-
dated and less applicable than before is increasing [10]. 
For example, due to rapid advancements in the diagnosis 
and treatment of many cardiovascular diseases, some of 
the information may be harder to collect. Furthermore, 
patients may not always be tested for tendon xanthomas 
or corneal arcus, which may be present; therefore, in 
the absence of testing, points will be lost. Finally, even a 
single point lost due to ignorance can result in a lower 
DLCN score and, occasionally, in a lower probability cat-
egory, causing impaired risk stratification or even refrain-
ing from familial cascade screening. On the other hand, 
molecular diagnosis is made by genetic testing, which is 
often a less employed diagnostic strategy.

Despite its clear diagnostic methods and relatively high 
prevalence, FH is vastly underdiagnosed and underes-
timated [4, 11]. Although interest in FH has recently 
increased substantially, there is still a widespread lack 

of awareness about this disease [12, 13]. However, coun-
tries that have implemented screening programmes have 
reported higher numbers of identified patients [14–16]. 
A few different methods and algorithms could be imple-
mented; however, opinions on which of them would 
be the most beneficial still differ widely. It is important 
that national screening programmes be able to detect 
not only patients who are already displaying symptoms 
but also those whose disease is still silent since the early 
start of lipid-lowering therapy, and the modification of 
parallel cardiovascular risk factors is key in preventing 
major cardiovascular events and saving years of life. The 
lack of screening programmes is particularly evident in 
Eastern Europe, as no country, to the best of the knowl-
edge, has implemented a national screening programme 
in this region. In Lithuania, screening for FH is mainly 
based on an opportunistic testing approach guided by 
increased LDL-C levels, followed by cascade screening of 
the first-degree relatives of the detected index cases [7]. 
The detailed algorithm used for FH detection and screen-
ing in the Lithuanian population is described in this 
paper, together with very first results on the prevalence 
of CAD among the FH population and subgroups. This 
is the first algorithm implemented for FH detection in 
Lithuania, and it is an important step toward better care 
of FH patients in the country. This algorithm is believed 
to result in a significantly increased number of screened 
patients, particularly at a younger age, with a greater 
probability of receiving timely treatment and better dis-
ease-related management. Additionally, the FH screen-
ing programme provides invaluable data on the general 
understanding of FH, allows the identification of gaps in 
knowledge, and helps to increase awareness among the 
medical community, which will inevitably improve the 
care of FH patients.

Materials and methods
The Lithuanian national FH screening programme was 
implemented in 2016 and was created on the basis of 
the Lithuanian High Cardiovascular Risk (LitHir) pri-
mary prevention programme [7, 17]. Since 2018, selected 
patients who signed informed consent forms have been 
included in the Lithuanian long-term FH observation 
programme, as well as in the European Atherosclerosis 
Society Familial Hypercholesterolemia Studies Collabo-
ration (EAS FHSC) global registry [18].

Selection of patients
A detailed description of FH detection strategies in 
Lithuania has been published previously [7]. Ultimately, 
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patients with an FH-like phenotype are referred to a 
specialized lipidology unit by several further described 
approaches. First, all patients with severe dyslipidemia, 
defined as LDL-C > = 5 mmol/L, were referred to lipi-
dology centers by any specialist in any link of the health 
care system. Although general practitioners (GPs) play 
the most important role in presenting patients, many 
patients with suspected FH are referred by other special-
ists, such as cardiologists and intensive care unit special-
ists when premature CVD is detected, dermatologists 
if xanthelasmas are suspected, orthopedic surgeons if 
tendon xanthomas are detected, or even ophthalmolo-
gists if premature lipoid arcus is identified. Moreover, 
patients may be referred by other specialists who sus-
pect or diagnose premature atherosclerosis in locations 
other than the coronary arteries, for example, vascular 
surgeons when peripheral artery disease is diagnosed. 
Furthermore, if the patient is a participant in the LitHir 
programme and whose lipid profile reveals dyslipidemia 
with LDL-C levels above 4,9 mmol or if the patient is at 
high cardiovascular risk (according to European Soci-
ety of Cardiology guidelines), they are referred (mostly 
by primary care physicians (GPs)) for a lipidologist 
consultation. Participation in the LitHir programme is 
available for all Lithuanian citizens who have reached 
predetermined ages—40–55 years for males and 50–65 
years for females—since the end of 2023—for all Lithu-
anian citizens aged between 40 and 60 years. Finally, FH 
in children and adolescents is detected mostly by cascade 
screening, as well as if they are diagnosed with premature 
and/or severe forms of dyslipidemia in pediatric centres. 
While DLCN criteria for FH diagnosis are not suitable 
for children, the diagnosis of FH in the pediatric popu-
lation is based on elevated LDL-C (> 3.9 mmol/l) and a 
first-degree relative’s history of FH or premature CAD. 
These patients are consulted and treated by pediatricians 
or pediatric cardiologists working at the Coordinating 
Centre of Rare Diseases in Vilnius University Hospital 
Santaros Klinikos.

Examination of the potential FH patient
Patients with an FH-like phenotype are being consulted 
in a specialized lipidology unit. The visit comprises 
medical data collection, physical examination, labora-
tory testing, imaging, and instrumental tests. Above all, 
a very detailed medical history was collected, including 
personal and familial anamnesis of known FH cases, his-
tory of dyslipidemia, cardiovascular diseases and events, 
and other medical and social anamnesis. Physical exami-
nation is directed toward detecting xanthelasmas and 
measuring and evaluating blood pressure, heart rate, 
body weight, waist circumference and the general con-
dition of the patient. A search for pathognomonic signs 
of the FH is also conducted. Patients are referred to an 

ophthalmologist in search of a lipoid corneal arcus. How-
ever, it is worth noting that patients are offered consul-
tation if at their baseline visit, they are younger than 45 
years. Finally, patients are referred to a radiologist for 
ultrasonographic evaluation of the Achilles tendon to 
detect tendon xanthomas.

The complete lipid profile that is being evaluated 
includes total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein choles-
terol (HDL-C) and triglyceride levels; apolipoprotein A1; 
apolipoprotein B (the apoB/ApoA1 ratio); apolipoprotein 
E; lipoprotein A (Lp(a)); and lipoprotein electrophore-
sis. Other laboratory tests were performed to rule out 
secondary causes of dyslipidemia. First, renal function 
tests (creatinine and estimated glomerular filtration rate) 
are being performed to rule out dyslipidemia caused by 
nephrotic syndrome. Additionally, urinalysis is being per-
formed in search of microalbuminuria. Hepatic function 
tests (aspartate aminotransferase (AST), alanine trans-
ferase (ALT), alkaline phosphatase (ALP), gamma glu-
tamyl transferase (GGT)) are being performed to exclude 
hepatic function impairment and to assess the condition 
of the liver. Thyroid function is evaluated by thyrotropin 
(TTH) levels to exclude hypothyroidism, which is one 
of the most common causes of secondary hypercholes-
terolemia. Furthermore, plasma glucose and glycosyl-
ated hemoglobin levels are measured to exclude diabetes 
mellitus (DM) (or glucose tolerance impairment), detect 
metabolic syndrome, and evaluate the control of blood 
glucose levels in patients with previously diagnosed 
DM, as poor control of diabetes results in increased 
LDL-C levels. Finally, high-sensitivity C-reactive protein 
(hsCRP) levels are measured to aid in cardiovascular risk 
stratification.

Instrumental testing plays a particularly important 
role in the examination of FH patients. First, a 12-lead 
electrocardiogram (ECG) and echocardiography are 
being performed for general cardiac evaluation, as well 
as for assessing possible heart rhythm and conduction 
disorders and functional or structural damage of the 
heart, with particular attention given to the aortic valve. 
Patients are also referred for multiple tests that evalu-
ate vascular markers of early atherosclerosis, including 
measurement of intima-media thickness with detection 
of atherosclerotic plaques in the common carotid artery, 
carotid-femoral pulse-wave velocity determination, 
evaluation of endothelial function using flow-mediated 
dilatation assessment, and measurement of the cardio-
ankle vascular index and ankle-brachial index. These 
tests are being performed to facilitate cardiovascular risk 
stratification.
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Diagnosis of FH and initiation of cascade screening
Subsequently, clinical diagnosis is made according to 
the DLCN criteria, and each patient is categorized as 
unlikely, possible, probable, or definite FH. If the patient 
matches the criteria for probable or definite FH and/or is 
noted to have LDL-C equal to or greater than 6.5 mmol/l, 
genetic testing and cascade screening of first-degree rela-
tives are initiated. Genetic testing is performed from a 
dried blood spot. Genomic deoxyribonucleic acid (DNA) 
is enzymatically fragmented, and regions of interest are 
enriched using DNA capture probes. The final indexed 
libraries were sequenced on an Illumina platform (next-
generation sequencing). Several selected patients were 
invited to participate in further monitoring and follow-
up. Those who signed an informed consent form were 
enrolled in the Lithuanian long-term FH observation 
programme, and their medical data (relevant to FH) were 
entered into the EAS FHSC international registry.

Monitoring and follow-up of FH patients
All patients included in the long-term FH observation 
programme were invited for follow-up visits according 
to the protocol. The first follow-up visit was 4–6 weeks 
after the baseline visit, the second 3 months after the 
baseline visit, and the third 6 months after the baseline 
visit. Other visits are yearly. The purpose of the follow-up 
is to monitor the treatment (its effectiveness and possible 
side effects) and condition of the patient (cardiovascular 
risk, coronary events, and general condition). Therefore, 
a full lipid profile was obtained at every visit, along with 
liver enzyme test and fasting blood glucose data. If the 
patient had complaints related to the muscular system, 

the creatine kinase (CK) test was added to the standard 
tests.

Statistical analysis
All the statistical analyses were performed using the R (v. 
4.0.4) program package. To test hypotheses for between-
two-group comparisons of the quantitative variables, 
Student’s t test or the nonparametric Mann‒Whitney U 
test was used as appropriate. To test hypotheses for com-
parisons of quantitative variables between more than two 
groups, one-way analysis of variance (ANOVA) or the 
nonparametric Kruskal‒Wallis test was used as appropri-
ate. Normality was tested using the Shapiro‒Wilk test. 
To test hypotheses for between-group comparisons of 
categorical variables, Pearson’s chi-square test or Fisher’s 
exact test was used as appropriate. A P value less than 
0.05 indicated statistical significance.

Results
A total of 428 patients were included in the Lithuanian 
long-term FH observation programme and the EAS 
FHSC registry. The sample consisted of 228 females 
(53%) and 200 males (47%). The overall median age at 
FH diagnosis was 47 (± 11,8) years: 43 (± 10,4) years for 
males and 53 (± 12) years for females (P < 0.005). Based 
on the DLCN criteria, 224 (52%) patients were classified 
as having a possible FH diagnosis, 97 (23%) had prob-
able FH, 83 (19%) had definite FH, and 24 (6%) patients 
were included in the unlikely FH DLCN category (Fig. 1). 
There were no statistically significant differences in 
DLCN distribution between the sexes (P > 0.5).

Fig. 1 Distribution of DLCN categories among all patients. FH – familial hypercholesterolemia; DLCN – Dutch Lipid Clinic Network criteria
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The median LDL-C level within this study sample was 
6.37 mmol/l (± 1.63). The highest recorded LDL-C in this 
study was 20.52 mmol/l, whereas the lowest was 2.51 
mmol/l. A total of 127 (30%) patients were genetically 
tested. FH-related mutations were found in 38.6% (n = 49) 
of the patients, while no mutations were detected in 
61.4% (n = 78) of the genetically tested subjects. Among 
the patients in whom the genetic mutation was identi-
fied (n = 49), 27 (55.1%) had a mutation in the LDLR 
gene, 15 (30.6%) had a mutation in the APOB gene, and 
one had a mutation in both the LDLR and APOB genes. 
One patient was found to be homo(hemi-)zygous for 
the low-density lipoprotein receptor adaptor protein 1 
(LDLRAP1) gene variant, causing extremely rare auto-
somal recessive hypercholesterolemia (ARH). This case 
was described in a previous publication [19]. For the 
remaining six patients, data on which gene the mutation 
was located were not available. All patients in this study, 
except the one with ARH, presented with the heterozy-
gous FH type.

Coronary artery disease (CAD) was diagnosed in 13% 
(n = 57) of the included patients, whereas premature CAD 
was found in 47 (11%) patients. Of these 47 patients, 10 
(21%) were in the possible FH DLCN category, 15 (32%) 
had definite FH, and 22 (47%) were in the probable FH 
DLCN category.

The distributions of CAD and premature CAD accord-
ing to DLCN category are presented in Fig.  2. In the 
possible FH diagnosis group, 17 patients (8%) had coro-
nary artery disease (CAD), and for 10 (4.46%) of these 
patients, the disease was considered premature. In the 

definite FH group, 16 (19.2%) patients had CAD, 15 
(18.07%) of whom had premature CAD. In the probable 
FH group, 24 (25%) patients had CAD, 22 (22.68%) of 
whom had premature CAD. None of the patients in the 
unlikely FH group had CAD at baseline. All the groups 
differed significantly from each other (P < 0.05).

The occurrence of CAD and premature CAD was ana-
lyzed among patients (n = 125) with FH-related mutations 
(n = 48) and those without mutations (n = 77) (Fig. 3 and 
Fig.  4). CAD was diagnosed in 19% (n = 9) of patients 
with FH-related mutations; of note, it was premature for 
all these patients. CAD was diagnosed in 17% (n = 13) of 
patients without a mutation, and in 13% (n = 10) of these 
patients, it was determined to be premature CAD. The 
difference in premature CAD occurrence between the 
two groups (with and without an FH-causing mutation) 
was not statistically significant (P = 0,383).

Discussion
This paper presents the algorithm used in Lithuania to 
detect FH patients and initiate further screening. FH 
is now widely recognized as a public health care issue. 
Early detection and aggressive timely treatment of FH 
are highly important for preventing ASCVD caused by 
permanent exposure to increased LDL-C blood levels 
[20]. The currently used screening strategy in Lithu-
ania is mainly based on opportunistic testing guided by 
increased LDL-C levels, followed by cascade screen-
ing of first-degree relatives when an index case of FH is 
detected. Cascade screening is the most commonly used 
FH screening model worldwide [21, 22]. The Lithuanian 

Fig. 2 Occurrence of CAD and premature CAD among patient groups according to DLCN category. FH ? familial hypercholesterolemia; DLCN ? Dutch 
Lipid Clinic Network criteria; CAD ? coronary artery disease
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High Cardiovascular Risk (LitHir) primary prevention 
programme enables us to opportunistically access 
approximately 46% of Lithuanian middle-aged citizens 
every year and evaluate their cardiovascular risk. There-
fore, LitHir provides a noteworthy possibility to detect a 
high percentage of patients with an FH-like phenotype 
who would otherwise most likely stay asymptomatic 
until a manifestation of a cardiovascular event. Studies 
have shown that FH causes atherosclerotic changes in 
the cardiovascular system as early as childhood, which 

further highlights the importance of early detection 
of FH [23]. In this study, the median age at FH diagno-
sis was 47 years, and 13% of the included patients were 
diagnosed with coronary artery disease, which is nearly 
twice the prevalence of CAD in the general Lithuanian 
population, which was 6.97% in 2022, as estimated based 
on data available from the Lithuanian Health Education 
and Disease Prevention Centre [24]. In contrast, in the 
The Copenhagen General Population Study, among the 
patients with FH, prevalence of CAD was found to be as 

Fig. 4 Distribution of mutation status among different FH categories according to DLCN. FH–  familial hypercholesterolemia; DLCN– Dutch Lipid Clinic 
Network criteria;

 

Fig. 3 Occurrence of CAD and premature CAD among patient groups according to FH-causing mutation status. FH – familial hypercholesterolemia; 
CAD – coronary artery disease
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high as 33% [25]. Concerning the high median age of FH 
diagnosis, findings from this study are compatible with 
those from other studies, especially as deGoma et al. in 
their study on CASCADE-FH Registry also found the 
median age of FH diagnosis to be 47 years [26]. At that 
point, at least some of the atherosclerotic damage may 
be irreversible. However, it has been proven that with 
adequate treatment beginning at an early age, the cardio-
vascular risk for FH patients may decrease to a level simi-
lar to that of the general population [27]. Furthermore, 
compared with men, women were significantly older at 
the time of FH diagnosis, with a median age at diagno-
sis difference of 10 years. One possible explanation is that 
the LitHir programme was available for women at a later 
age (from 50 to 65 years old) than for men (from 40 to 55 
years old); in that way, it was biased against women, as 
it may have caused a delay in adequate treatment of FH. 
Since the end of 2023, this programme has been avail-
able for all Lithuanian citizens aged between 40 and 60 
years. In addition, as the goal of FH screening is to pre-
vent health impairment caused by dyslipidemia, an ideal 
screening program should also be focused on detecting 
FH patients before constant exposure to increased blood 
LDL-C levels occurs.

In this regard, universal screening for FH in children 
combined with cascade screening of first-degree relatives 
would probably be the most appealing model. However, 
the cost-effectiveness of universal FH screening is still 
controversial. Implementing a national universal screen-
ing model for FH is complicated, as the exact age at which 
children should be tested is uncertain—although FH may 

start affecting the cardiovascular system at an early age, 
unfortunately, neonatal testing for FH is not possible 
due to multiple factors affecting neonatal TC and LDL-C 
blood levels [5]. On the other hand, Slovenia is currently 
the only country that has implemented universal testing 
of children—they had success in testing preschool chil-
dren at the age of 5 [22].

GPs are, in most cases, responsible for the first step of 
FH detection and should not be overlooked. Since cas-
cade screening relies on index case detection, this algo-
rithm is heavily dependent on the first medical contact 
(mostly GPs) performing and evaluating patients’ lipid 
profiles. However, several studies show that GPs across 
the world lack knowledge about FH and are frequently 
not aware of current guidelines about dyslipidemia man-
agement and cascade screening recommendations [12, 
13]. Such gaps in GPs’ knowledge about FH may contrib-
ute to both the underdiagnosis and undertreatment of 
FH. Studies defining the situation in northeastern Europe 
as well as interventions to raise awareness of FH for not 
only specialists in lipidology but also GPs are needed.

Since multiple FH search strategies are employed in 
Lithuania, a great number of patients are screened for FH 
and consequently referred and consulted at the lipidol-
ogy center (Fig. 5). As mentioned previously, FH is char-
acterized by accelerated development of atherosclerosis, 
which eventually leads to (premature) CVD. Therefore, 
methodical in-depth evaluation of patients with an FH-
like phenotype in tertiary lipidology centers is a key part 
of this screening program. The specialized lipidology unit 
is advantageous for patients for multiple reasons. First, 

Fig. 5 A schematic representation of the FH detection algorithm presented in this study. FH – familial hypercholesterolemia; DLCN – Dutch Lipid Clinic 
Network criteria; GPs – general practitioners, US – ultrasound, ECG – electrocardiogram

 



Page 8 of 10Aliosaitiene et al. Lipids in Health and Disease          (2024) 23:136 

the centralization of patients provides the opportunity to 
create a large database that encompasses real-world data 
about FH, which will undoubtedly improve the under-
standing of FH. Moreover, all tests and consultations 
required for both diagnosis and risk stratification can be 
performed in one location, with experienced specialists 
interpreting them. Some tests, which are a part of this 
algorithm, are not available in smaller outpatient settings. 
For example, echocardiography is of utmost importance 
in the evaluation of patients with FH since it has been 
proven that FH is associated with a greater incidence 
of aortic valve stenosis [28, 29]. Furthermore, vascular 
markers of early atherosclerosis, which are not routinely 
detected in most other healthcare institutions, are used 
for cardiovascular risk stratification, and a detailed anal-
ysis of these markers in the FH population in this study 
has been published previously [30].

Patients with FH are at increased risk of IHD and pre-
mature cardiovascular events. In this study, the DLCN 
category of clinical FH diagnosis was significantly related 
to CAD and premature CAD. However, recent findings 
from other studies suggest, that DLCN may not be an 
optimal predicting tool of CAD in FH [31]. On the other 
hand, the identification of the FH-related mutation was 
not significantly associated with a higher incidence of 
CAD or premature CAD; however, the tendency toward 
an association between positive mutation and CAD is 
evident. Several other studies have concluded that a posi-
tive mutation is associated with a greater risk of cardio-
vascular events [32, 33]. Therefore, the lack of statistical 
significance could be explained by the relatively small 
sample size.

It should be noted that this screening algorithm relies 
on current diagnostic methods for FH, the suitability of 
which has recently started to be questioned, particularly 
for the DLCN criteria. In this study, more than half of the 
analyzed patients were included in the possible FH diag-
nosis group according to the DLCN criteria, although 
their phenotype raised strong suspicion for clinicians. 
Furthermore, clinical and molecular diagnoses do not 
always correlate. For example, some patients with high 
DLCN scores may not have genetic mutations. It is pos-
sible that currently used tests are unable to detect them 
or that these patients might have a polygenic form of FH; 
however, this issue remains. On the other hand, patients 
with a mutation might have a much milder phenotype 
than those without a mutation, raising the question of 
whether genetic testing is necessary in patients with FH. 
Currently, genetic testing for FH is proven to be a cost-
effective diagnostic method, despite common misconcep-
tion that it is expensive and often limited in availability. 
A positive genetic test may help clinicians interpret the 
clinical risk of FH and even increase compliance between 
the patient and clinician [10].

As mentioned before, data collected from patients 
who signed a written consent form for enrollment in the 
Lithuanian FH long-term observation programme were 
also included in the EAS-FHCS international registry. A 
recent increase in interest in FH has led to several inter-
national systematic projects that collect and process data 
about FH, which is a major step in creating a better care 
system for patients with FH. These registries not only 
motivate FH patients to be monitored but also collect 
crucial, real-world practical data, highlighting gaps in the 
diagnosis, management, and follow-up of FH patients, 
which in turn produces information that will help in edu-
cating specialists on how to offer better management for 
affected patients – an important step forward.

Strengths of the study.
The implementation of a previously described FH 

screening algorithm allows an increase in the number 
of detected FH cases not only in the middle-aged Lithu-
anian population (participants in the LitHir programme) 
but also among younger patients, including children and 
adolescents.

The study is mainly based on the LitHir programme, 
which allows for opportunistic testing of suspected FH 
cases among a significant part of the middle-aged Lithu-
anian population. This screening strategy, together with 
cascade first-degree relatives screening, is believed to 
be the most cost-effective approach. Furthermore, the 
prevalence of CAD among different FH groups (clinically 
and/or molecularly diagnosed FH) has never been previ-
ously established nor in Lithuania, neither, to the best of 
knowledge, in other Eastern European countries.

Finally, the FH patient data gathered in this study are 
included not only in the Lithuanian long-term FH obser-
vation programme but also in the global FH registry 
(EAS FHSC). Notably, this is the only study from Lithu-
ania participating in this project. This registry is crucial 
for better understanding country-specific FH peculiari-
ties, reducing gaps in knowledge, and ultimately improv-
ing the care of FH patients.

Limitations of the study
There are several limitations to this study. First, there 
is still an enormous gap in general awareness about FH 
among the public and medical communities, and this 
gap is apparently greater in developing regions of the 
world, including Lithuania. This leads to a particularly 
small proportion of the FH population being diagnosed 
and adequately treated. Although the LitHir programme 
provides the opportunity to screen a large portion of 
the Lithuanian middle-aged population, it is also nota-
ble that such participation is still not active enough, as 
it still leaves a large part of the middle-aged Lithuanian 
population, not to mention the youth, unassessed. Addi-
tionally, due to attachment to LitHir, in many cases, this 
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screening model relies heavily on patients’ own interest 
in their health since participation in LitHir is not obliga-
tory. For most patients with FH, dyslipidemia is “silent” 
and does not cause any symptoms, which may result in 
some patients being reluctant to adhere to treatment or 
start treatment altogether. Unfortunately, despite all the 
efforts, the availability of genetic testing in Lithuania is 
still limited, as only 30% of patients were able to be tested 
for FH-causing mutations. Such barriers to screening 
should not be overlooked and should be addressed in the 
future.

Conclusions
In this study, most patients with suspected FH were clas-
sified as probable FH or possible FH according to the 
DLCN criteria, without differences in age or sex. The 
median age at the time of FH diagnosis was 47 years, 
and the FH patients were significantly older females than 
males, which reflects the strong interface of this study 
with the LitHir programme. CAD and premature CAD 
were more common among patients with probable and 
definite FH, as well as more common among those with 
an FH-causing mutation; however, this difference was not 
statistically significant.

This study describes the algorithm used in Lithuania 
for FH detection and cascade screening initiation. Accu-
rate diagnosis of FH, made by integrating various meth-
ods of thorough examination of potential FH patients, 
helps to exclude secondary causes of dyslipidemia and to 
select patients for cascade screening initiation more pre-
cisely. The algorithm is likely to be the most cost-effective 
approach for FH screening, as it allows the exact extent 
of examination required for these patients.

The findings of this study will improve the general 
understanding of the current situation of FH in Lithuania 
and will be used to further tailor the algorithm for opti-
mal management of FH patients, as well as maximize the 
proportion of detected FH cases.

Abbreviations
ALP  alkaline phosphatase
ALT  alanine transferase
ANOVA  one-way analysis of variance
ApoA1  apolipoprotein A1
APOB  apolipoprotein B
ApoB  apolipoprotein B
ARH  autosomal recessive hypercholesterolemia
ASCVD  atherosclerotic cardiovascular disease
AST  aspartate aminotransferase
CAD  coronary artery disease
CK  creatine kinase
DLCN  Dutch Lipid Clinic Network
DM  diabetes mellitus
DNA  deoxyribonucleic acid
EAS FHSC  European Atherosclerosis Society Familial Hypercholesterolemia 

Studies Collaboration
ECG  electrocardiogram
FH  Familial hypercholesterolemia
GGT  gamma glutamyl transferase

GP  general practitioner
HDL  C-high-density lipoprotein cholesterol
HeFH  heterozygous familial hypercholesterolemia
HoFH  homozygous familial hypercholesterolemia
hsCRP  high-sensitivity C-reactive protein
IHD  ischemic heart disease
LDL  C-low-density lipoprotein cholesterol
LDLR  low-density lipoprotein receptor
LDLRAP1  low-density lipoprotein receptor adaptor protein 1
LitHir  Lithuanian High Cardiovascular Risk
Lp(a)  lipoprotein A
PCSK9  pro-protein convertase subtilisin/kexin 9
TC  total cholesterol
TTH  thyrotropin

Acknowledgements
Authors of this study would like to express their appreciation to Prof. Rimante 
Cerkauskiene, Assoc. Prof. Jurate Barysiene, Prof. Pranas Serpytis for their 
valuable insights, collaboration, unwavering support throughout the study. 
Furthermore, we would like to acknowledge the contributions of medical 
doctors Milda Kovaite, Vilma Dzenkeviciute, Rusne Jakaite, Irma Rutkauskiene 
who provided expertise in their professional field and gave constructive 
feedback and thoughtful suggestions which have significantly enhanced the 
quality and rigor of this study. We are thankful to all our colleagues, who are 
consulting familial hypercholesterolemia patients and spread the awareness 
about the disease among the public and medical communities.

Author contributions
U.A., Z.P. and A.L. conceived the study and were in charge of overall direction 
and planning; A.M. designed the model and the computational framework 
and analysed the data; E.B., V. S. and U. S. wrote the manuscript in consultation 
with E.R. All authors discussed the results and contributed to the final 
manuscript.

Funding
This research received no specific grant from any funding agency in the 
public, commercial, or not-for-profit sectors.

Data availability
The datasets used and analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval
This study was approved by the Vilnius (Lithuania) regional bioethics 
committee, permit number 158200-18/5-1010-538, issued in 2018.05.18. All 
the patients who were selected to be included in the Lithuanian long-term 
FH observation programme, as well as in the European Atherosclerosis Society 
Familial Hypercholesterolemia Studies Collaboration (EAS FHSC) global 
registry, signed informed consent forms.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Faculty of Medicine, Vilnius University, Vilnius, Lithuania
2Clinic of Cardiac and Vascular Diseases, Vilnius University Hospital 
Santaros Klinikos, Vilnius, Lithuania
3Faculty of Mathematics and Informatics, Vilnius University, Vilnius, 
Lithuania

Received: 25 January 2024 / Accepted: 28 April 2024



Page 10 of 10Aliosaitiene et al. Lipids in Health and Disease          (2024) 23:136 

References
1. Singh S, Bittner V. Familial Hypercholesterolemia—Epidemiology, diagnosis, 

and screening. Curr Atheroscler Rep. 2015;17(2).
2. Zuurbier LC, Defesche JC, Wiegman A. Successful genetic screening and 

creating awareness of familial hypercholesterolemia and other heritable 
Dyslipidemias in the Netherlands. Genes (Basel). 2021;12(8).

3. Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert E, et al. Low-
density lipoproteins cause atherosclerotic cardiovascular disease. 1. Evidence 
from genetic, epidemiologic, and clinical studies. A consensus statement 
fromthe European Atherosclerosis Society Consensus Panel. Eur Heart J. 
2017;38(32):2459–72.

4. Villa G, Wong B, Kutikova L, Ray KK, Mata P, Bruckert E. Prediction of cardio-
vascular risk in patients with familial hypercholesterolaemia. Eur Hear J - Qual 
Care Clin Outcomes. 2017;3(4):274–80.

5. Sullivan DR, Freeman L, Molloy L, Williams G. Screening for familial hypercho-
lesterolaemia: Universal or Cascade? A critique of current FH Recognition 
Strategies. Curr Cardiovasc Risk Rep. 2015;9(2).

6. Beheshti SO, Madsen CM, Varbo A, Nordestgaard BG. Worldwide Prevalence 
of Familial Hypercholesterolemia: Meta-analyses of 11 million subjects. J Am 
Coll Cardiol. 2020;75(20):2553–66.

7. Petrulioniene Z, Gargalskaite U, Kutkiene S, Staigyte J, Cerkauskiene R, 
Laucevicius A. Establishing a national screening programme for familial 
hypercholesterolaemia in Lithuania. Atherosclerosis [Internet]. 2018;277:407–
12. https://doi.org/10.1016/j.atherosclerosis.2018.06.012.

8. Abdul-Razak S, Rahmat R, Mohd Kasim A, Rahman TA, Muid S, Nasir NM, et al. 
Diagnostic performance of various familial hypercholesterolaemia diagnostic 
criteria compared to Dutch lipid clinic criteria in an Asian population. BMC 
Cardiovasc Disord. 2017;17(1):1–8.

9. Lui DTW, Lee ACH, Tan KCB. Management of familial hypercholesterolemia: 
current status and future perspectives. J Endocr Soc. 2021;5(1):1–14.

10. Kindt I, Mata P, Knowles JW. The role of registries and genetic databases in 
familial hypercholesterolemia. Curr Opin Lipidol. 2017;28(2):152–60.

11. Nordestgaard BG, Chapman MJ, 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. Eur Heart J. 2013;34(45):3478–90.

12. Peterson AL, Bang M, Block RC, Wong ND, Karalis DG. Cascade screening and 
treatment initiation in young adults with heterozygous familial hypercholes-
terolemia. J Clin Med. 2021;10(14).

13. Pang J, Hu M, Lin J, Miida T, Nawawi HM, Park JE, et al. An enquiry based on 
a standardised questionnaire into knowledge, awareness and preferences 
concerning the care of familial hypercholesterolaemia among primary care 
physicians in the Asia-Pacific region: the ten Countries Study. BMJ Open. 
2017;7(10):1–9.

14. Louter L, Defesche J, van Roeters J. Cascade screening for familial hyper-
cholesterolemia: Practical consequences. Atheroscler Suppl [Internet]. 
2017;30:77–85. https://doi.org/10.1016/j.atherosclerosissup.2017.05.019.

15. Page C, Zheng H, Wang H, Rai TS, O’Kane M, Hart P, et al. A comparison of 
the Netherlands, Norway and UK familial hypercholesterolemia screening 
programmes with implications for target setting and the UK’s NHS long term 
plan. PLOS Glob Public Heal. 2023;3(4):e0001795.

16. Vrablík M, Vaclová M, Tichý L, Soška V, Bláha V, Fajkusová L, et al. Familial 
hypercholesterolemia in the Czech Republic: more than 17 years of system-
atic screening within the MedPed Project. Physiol Res. 2017;66:S1–9.

17. Laucevičius A, Kasiulevičius V, Jatužis D, Petrulionienė Ž, Ryliškytė L, 
Rinkūnienė E, et al. Lithuanian High Cardiovascular Risk (LitHiR) primary 
prevention programme - rationale and design. Semin Cardiovasc Med. 
2012;18(1):1–6.

18. Vallejo-Vaz AJ, Akram A, Kondapally Seshasai SR, Cole D, Watts GF, Hovingh 
GK, et al. Pooling and expanding registries of familial hypercholesterolaemia 

to assess gaps in care and improve disease management and outcomes: 
Rationale and design of the global EAS familial hypercholesterolaemia stud-
ies collaboration. Atheroscler Suppl. 2016;22:1–32.

19. Petrulioniene Z, Gargalskaite U, Mikstiene V, Norvilas R, Skiauteryte E, Utkus 
A. Autosomal recessive hypercholesterolemia: Case report. J Clin Lipidol 
[Internet]. 2019;13(6):887–93. https://doi.org/10.1016/j.jacl.2019.09.009.

20. Luirink IK, Wiegman A, Kusters DM, Hof MH, Groothoff JW, de Groot E et al. 
20-Year Follow-up of Statins in Children with Familial Hypercholesterolemia. 
N Engl J Med [Internet]. 2019 Oct 17 [cited 2023 Aug 17];381(16):1547–56. 
https://www.nejm.org/doi/https://doi.org/10.1056/NEJMoa1816454.

21. Andersen R, Andersen L. Examining barriers to cascade screening for familial 
hypercholesterolemia in the United States. J Clin Lipidol. 2016;10(2):225–7.

22. Groselj U, Kovac J, Sustar U, Mlinaric M, Fras Z, Podkrajsek KT et al. Universal 
screening for familial hypercholesterolemia in children: The Slovenian model 
and literature review. Atherosclerosis [Internet]. 2018;277:383–91. https://doi.
org/10.1016/j.atherosclerosis.2018.06.858.

23. Martin AC, Gidding SS, Wiegman A, Watts GF. Knowns and unknowns 
in the care of pediatric familial hypercholesterolemia. J Lipid Res. 
2017;58(9):1765–76.

24. Higienos institutas [Internet]. [cited 2024 Mar 23]. https://stat.hi.lt/default.
aspx?report_id=168.

25. Benn M, Watts GF, Tybjaerg-Hansen A, Nordestgaard BG. Familial hypercho-
lesterolemia in the Danish general population: prevalence, coronary artery 
disease, and cholesterol-lowering medication. J Clin Endocrinol Metab. 
2012;97(11):3956–64.

26. Degoma EM, Ahmad ZS, O’Brien EC, Kindt I, Shrader P, Newman CB et al. 
Treatment gaps in adults with heterozygous familial hypercholesterolemia 
in the United States. Circ Cardiovasc Genet [Internet]. 2016 Jun 1 [cited 2024 
Apr 15];9(3):240–9. Available from: /pmc/articles/PMC5315030/.

27. Knowles JW, O’Brien EC, Greendale K, Wilemon K, Genest J, Sperling LS et al. 
Reducing the burden of disease and death from familial hypercholesterol-
emia: A call to action. Am Heart J [Internet]. 2014;168(6):807–11. https://doi.
org/10.1016/j.ahj.2014.09.001.

28. Marco-Benedí V, Laclaustra M, Casado-Dominguez JM, Villa-Pobo R, Mateo-
Gallego R, Sánchez-Hernández RM et al. Aortic valvular disease in elderly 
subjects with heterozygous familial hypercholesterolemia: impact of lipid-
lowering therapy. J Clin Med. 2019;8(12).

29. Ferrières J, Farnier M, Bruckert E, Vimont A, Durlach V, Ferrari E, et al. Burden 
of cardiovascular disease in a large contemporary cohort of patients with 
heterozygous familial hypercholesterolemia. Atheroscler Plus. 2022;50:17–24.

30. Aliosaitiene U, Petrulioniene Z, Rinkuniene E, Mainelis A, Barysiene J, Smailyte 
U et al. Early atherosclerosis in familial hypercholesterolemia patients: signifi-
cance of vascular markers for. Risk Stratification. 2024;1–13.

31. Catapano F, Galea N, Pambianchi G, D’Erasmo L, Borrazzo C, Cundari G et al. 
Effectiveness of clinical scores in predicting coronary artery disease in familial 
hypercholesterolemia: a coronary computed tomography angiography 
study. Radiol Med [Internet]. 2023 Apr 1 [cited 2024 Apr 15];128(4):445. /pmc/
articles/PMC10119045/

32. Séguro F, Rabès JP, Taraszkiewicz D, Ruidavets JB, Bongard V, Ferrières J. 
Genetic diagnosis of familial hypercholesterolemia is associated with a pre-
mature and high coronary heart disease risk. Clin Cardiol. 2018;41(3):385–91.

33. Trinder M, Li X, DeCastro ML, Cermakova L, Sadananda S, Jackson LM, 
et al. Risk of premature atherosclerotic disease in patients with mono-
genic Versus Polygenic Familial Hypercholesterolemia. J Am Coll Cardiol. 
2019;74(4):512–22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1016/j.atherosclerosis.2018.06.012
https://doi.org/10.1016/j.atherosclerosissup.2017.05.019
https://doi.org/10.1016/j.jacl.2019.09.009
https://www.nejm.org/doi/
https://doi.org/10.1056/NEJMoa1816454
https://doi.org/10.1016/j.atherosclerosis.2018.06.858
https://doi.org/10.1016/j.atherosclerosis.2018.06.858
https://stat.hi.lt/default.aspx?report_id=168
https://stat.hi.lt/default.aspx?report_id=168
https://doi.org/10.1016/j.ahj.2014.09.001
https://doi.org/10.1016/j.ahj.2014.09.001

	Algorithm for detection and screening of familial hypercholesterolemia in Lithuanian population
	Abstract
	Introduction
	Materials and methods
	Selection of patients
	Examination of the potential FH patient
	Diagnosis of FH and initiation of cascade screening
	Monitoring and follow-up of FH patients
	Statistical analysis

	Results
	Discussion
	Limitations of the study

	Conclusions
	References


