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Abstract: Heterozygous familial hypercholesterolaemia (FH) is among the most common genetic
metabolic lipid disorders characterised by elevated low-density lipoprotein cholesterol (LDL-C) levels
from birth and a significantly higher risk of developing premature atherosclerotic cardiovascular
disease. The majority of the current pediatric guidelines for clinical management of children and
adolescents with FH does not consider the impact of genetic variations as well as characteristics of
vascular phenotype as assessed by recently developed non-invasive imaging techniques. We propose
a combined integrated approach of cardiovascular (CV) risk assessment and clinical management
of children with FH incorporating current risk assessment profile (LDL-C levels, traditional CV
risk factors and familial history) with genetic and non-invasive vascular phenotyping. Based on
the existing data on vascular phenotype status, this panel recommends that all children with FH
and cIMT ≥0.5 mm should receive lipid lowering therapy irrespective of the presence of CV risk
factors, family history and/or LDL-C levels Those children with FH and cIMT ≥0.4 mm should be
carefully monitored to initiate lipid lowering management in the most suitable time. Likewise, all
genetically confirmed children with FH and LDL-C levels ≥4.1 mmol/L (160 mg/dL), should be
treated with lifestyle changes and LLT irrespective of the cIMT, presence of additional RF or family
history of CHD.
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1. Introduction

Familial hypercholesterolaemia (FH) is a genetic and complex multifactorial lipid
disorder, which increases the risk of premature atherosclerosis and coronary artery dis-
ease [1–4]. FH is still underdiagnosed and undertreated globally and clinical strategies for
the treatment and management of pediatric patients with this disorder are still far from
being optimal. The objective of this position paper is to: (a) review the current approach
and scientific background of cardiovascular (CV) risk stratification of children with FH,
(b) to analyze available data on the clinical usefulness of other non-traditional cardiovascu-
lar risk factors as well as non-invasive methods of vascular phenotyping in children, and
(c) to suggest some meaningful clinical recommendations on the potential integration of
these data to help clinical-decision making and treatment planning of children with FH.

The Position Paper was written by 10 expert representatives of the three scientific
societies (Associations of Preventive Pediatrics of Serbia, Mighty Medic, and the Interna-
tional Lipid Expert Panel.) The level of evidence and the strength of recommendation were
weighed up and graded according to predefined scales as outlined in Table 1.

Table 1. Classification of the level of evidence.

Level of Evidence Definition

Level A Data derived from multiple randomised
clinical trials or their meta-analysis

Level B Data derived from a single randomised clinical
trial or large non-randomised studies

Level C Consensus or opinion of experts and/or small
studies, retrospective studies, registries

Epidemiological, preventive and diagnostic aspects of Heterozygous Familial Hyperc-
holesterolaemia in childrenHeterozygous familial hypercholesterolaemia (HeFH) is among
the most common genetic metabolic lipid disorders, affecting approximately 1:200 to 1:500
of the population (1:311–1:313 based on the most recent meta-analyses) [1–4]. HeFH is
characterized by elevated low-density lipoprotein cholesterol (LDL-C) levels from birth
and a significantly higher risk of developing premature atherosclerotic cardiovascular
disease (ASCVD) compared with subjects without FH [5–8]. However, FH is still highly
underdiagnosed and undertreated, particularly in pediatric patients, and systematic pre-
ventive and clinical strategies to manage them effectively are far from optimal. To avoid
overlooking children with FH and negative family history as well as the decrease in LDL-C
during puberty, the National Heart, Lung, and Blood Institute and the National Lipid
Association Expert Panel recently proposed universal screening as a preferred method of
pediatric screening for hypercholesterolaemia between the ages of 9 to 11 years of age [9,10].
Another important paper endorsed by the European Expert Panel suggested the universal
screening for children aged 1–9-years old [11]. To give a resume, both Panels recommend
universal screening for hypercholesterolaemia before puberty and after one year of age. Of
note, if a genetic defect has already been identified in the affected parent, an LDL-C level
>135 mg/dL (3.5 mmol/L) can be used as a cut-off value for the diagnosis of FH [12].

2. Overall CV Risk on a Populational Level

The majority of published studies that have examined long-term cardiovascular out-
comes (CV) in FH patients rely on the Simon Broome registry which has biases and
limitations [13,14]. According to Copenhagen General Population Study, which is based
on predefined quality parameters, with a sample of 69,016 individuals, the odds ratio
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(OR) for non-fatal CVD events among statin-treated and not treated FH patients was
10.3 (95%CI, 7.8–13.8) and 13.2 (95%CI, 10.0–17.4) respectively [15]. Unfortunately, this
study reports an average CV risk for FH versus non-FH patients at a population level and
no other additional data on the relationship between LDL-C levels and long-term CV risk
within different HeFH subgroups were available.

In clinical practice, there is a variation in ASCVD risk within FH subgroups, such as
different ages when the diagnosis was established, gender, LDL-C levels, and pattern, Lp(a)
levels, ethnicity, intrinsic susceptibility, genetic mutation type, treatment compliance or
duration, presence of additional cardiovascular (CV) risk factors, lifestyle, etc. all of which
might be important for individual patient management [7,16].

Recently published Korean observational study of 502,966 patients who were followed
up for 14.6-years, reported that the association of FH phenotype (MEDPED criteria) and
cardiovascular (CV) mortality is much smaller, with hazard ratios of 1.74 (95% confidence
intervals, 95%CI: 0.96–3.15) for original MEDPED criteria and 2.18 (95%CI: 1.51–3.14) for
modified MEDPED criteria [17]. Similar studies are not available from other East Asia
countries, and it is hard to draw definite conclusion as to whether the CV risk in Korean
patients with FH is lower due to superior genetic background or healthier different lifestyles
(more fish, rice, red yeast rice in their diet, etc.) [18]. In this regard, the available data
from the World Health Organization (WHO) show that East Asian countries have lower
coronary heart disease (CHD) mortality than Western countries [14].

Finally, two recent updates on CV mortality in FH patients based on the Simon Broome
FH register data published in 2018 demonstrated that coronary heart disease (CHD) mortal-
ity in women with FH is unchanged despite the statin treatment [19]. The most important
finding was that after adjustment for traditional risk factors, the hazard ratio for CHD
mortality in severe FH patients, as defined with LDL-cholesterol (LDL-C) > 10 mmol/L,
or LDLC > 8.0mmol/L plus one high-risk factor, or LDLC > 5mmol/L plus two high-risk
factors, was the same in all 3 subgroups, thus emphasising the importance of better clinical
risk stratification, patient selection and therapeutic choices in FH patients with other risk
factors [20].

As for gender differences in children with FH, it was recently shown that FH girls
have higher levels of TC, LDL-C and non-HDL-C levels than boys from birth up to 19 years
of age which may lead to their increased CV risk [21]. Of note D’Erasmo [22] et al. found
that FH girls have a 2.75-fold higher risk of incident atherosclerotic cardiovascular disease
than FH males (Incidence rates [IRs] 121.8 vs 33.9 per 10,000 person-years [22]. Likewise,
a Norwegian registry-based study of 4688 male and female patients with a genetically
confirmed diagnosis of FH, reported that CVD mortality was significantly higher in women
than men with standardised mortality ratio of 3.03, 95%CI 1.76 to 5.21 in women and
standardised mortality ratio of 2.00, 95%CI 1.32 to 3.04 in men [23].

Box 1

Expert opinion: It is evident that beyond LDL-C levels, other CVD risk modifiers including ethnic
origin and gender contribute and/or modify overall CV risk in patients with FH (Level B evidence).

3. Lipoprotein Classes and CV Risk in FH Patients

According to the prevailing view, CV events would occur earlier in those patients
with higher LDL-C levels than in those with lower LDL-C levels. However, at least four
studies of untreated FH patients with clinically manifested CVD, reported no significant
differences in LDL-C levels or age between study groups [6,24–27]. A 2019 study demon-
strated that LDL subclass B (characterized by a predominance of small, dense low-density
lipoproteins (sdLDL) has the most damaging effect on endothelial function changing the
(NO)/(ONOO−) balance and contributing to the development of atherosclerosis [28]. Some
recent clinical trials show that combination therapy with a beneficial effect on LDL subclass
distribution is superior to LDL-C lowering alone regarding clinical events, vascular benefits,
and mortality in the general population [29–32]. Of note, it was demonstrated that the
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genetically confirmed (GC) children with FH have unfavorable lipid profiles characterised
by increased ApoB/ApoA ratio or sdLDL predominance in comparison to the non-GC
FH patients [33,34]. It is also reported that low HDL-C levels and high TG/HDL-C ratio
(proposed as a surrogate marker of the number of LDL-C particles) are strongly associated
with a risk of CHD in patients with FH [35,36]. It is also interesting to note that increased
TG/HDL ratio, apo B, apo A1 are demonstrated to be independent predictors of cIMT in
children with FH [37].

As for the other CV risk factors, epidemiological evidence indicates a continuous
association between Lp(a) levels and CV risk, with a steeper risk curve when both Lp(a)
and LDL-C are elevated [38,39]. Alonso et al. suggest that the risk of CVD is highest in
adult FH patients with Lp(a) level above 50 mg/dL and LDL receptor-negative mutations,
while Sun et al. recently suggested that the Lp(a) level was associated with the presence
and severity of CHD but not with carotid atherosclerosis in patients with HeFH [40–43].

So far, only one study in children found that higher levels of Lp(a) are associated
with a positive family history of CVD [41]. All these data suggest a need for routine Lp(a)
measurement to identify a population of high-risk children with FH who could benefit
from more aggressive therapy. Most recent recommendations suggest initiating additional
aggressive LDL-C lowering in FH patients with Lp(a) >50 mg/dL or even lower levels of
>30 mg/dL [44–49]. From the clinical practice point of view, all these possibilities should be
carefully considered when deciding to prescribe lipid-lowering treatment (LLT) in children
with FH.

The majority of the current pediatric guidelines advocate the initiation of the therapy
with statins in children with FH as early as the age 8 or 10, based on the following criteria:
(a) LDL-C levels > 190 mg/dL, (5 mmol/L) (b) LDL-C levels > 160 mg/dL (4 mmol/L) in
presence of the family history of hypercholesterolaemia and/or premature CVD. (c) LDL-C
levels > 135 mg/dL (3.5 mmol/L) in FH relatives [12,50].

It has to be noted that some authors allow that initiation of statins in children with FH
might be at a later age, ideally started before age of 18 years (level of evidence 2—good
quality clinical or observational studies) while the others suggest the treatment initiation
might be needed earlier i.e., at the 6 years [51–53]. As for LDL-C treatment threshold,
the recent consensus statement by joint working group by Japan Pediatric Society and
Japan Atherosclerosis Society for Pediatric Familial Hypercholesterolaemia (FH) advocate
less aggressive treatment, with statins to be considered if the LDL-C level is persistently
above 180 mg/dL in children ≥ 10 years of age [54]. Descamps et al. suggest that the
pharmacological treatment, using statins should not start before the age of 18 years if the
LDL-C levels are <4 mmol/L (160 mg/dL) in the absence of other risk factors (hyperten-
sion, obesity, metabolic syndrome, smoking) [55]. However, this approach is against the
approach that the earlier the better for the LDL-C targets, and with the well-evidenced
approach that when we start earlier with FH treatment, the life expectancy, as well as the
risk of CVD event, is similar to in those without a disease [53]. Of course, children with
homozygous hypercholesterolaemia are by definition at extremely high CV risk and their
treatment should be started immediately [56].

Box 2

Expert opinion: Given the above, “non-LDL-C lipoprotein classes” and parameters might signif-
icantly modify CVD risk, particularly Lp(a) level, and should be taken into account in clinical
decision making and CV risk stratification of FH children (Level B evidence).

4. Genotype and CV Risk

Recent genetic studies on the FH patients demonstrated poor genotype-phenotype
correlation in families with the same LDL receptor (LDLR) gene defect [57–59].

Paquette et al. recently found that LDL-C levels in FH patients with the genetically
confirmed mutation have no independent predictive value for CVD and that FH patients
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with multiple CV risk factors have a 10.3-fold higher risk for acquiring cardiovascular
disease compared to FH patients with fewer CV risk factors [60].

The most studies on CV risk within FH families show that positive family history for
premature cardiovascular disease in the first degree or second-degree relatives generally
put the patient at higher risk for long-term adverse cardiovascular outcome [27,61,62].
As for children, Wiegman et al. found that children with FH and LDL-C > 6.23 mmol/L
(233 mg/dL) had a 1.7-fold higher incidence (95%CI, 1.24 to 2.36) of having a parent
with FH suffering from premature CVD, as well as that those children with less severe
hypercholesterolaemia are unlikely to have a positive family history of premature CVD [63].
Recently Khera et al. reported that adult patients with LDL-C (>5 mmol/L) and no detected
mutation have a 6-fold increase in CVD risk, and those with a known mutation have a
22-fold higher risk for CVD [26]. As of the type of LDLR mutations, it will be of particular
importance to identify children with LDLR receptor-negative vs. LDLR receptor-defective
mutations given that children with LDLR receptor-negative mutations had a more severe
lipid phenotype (higher TC, LDL-C, and Apo B levels), higher cIMT values, than children
with receptor-defective mutations [64].

Of note, Sharifi et al. found that patients with monogenic FH have greater carotid
cIMT and coronary calcium score (CCS) when compared to those with polygenic hyperc-
holesterolaemia [65].

Despite all these data on the very important role of the significance of genetic diagnosis
in patients with FH, the therapy is still based on the phenotypic diagnosis [66,67].

Box 3

Expert opinion: It is reasonable to extrapolate findings from the adult population and to identify
children with genetically confirmed FH with LDL-C > 5 mmol/L who are at greater cumulative
lifetime exposure to high LDL-C to decide how aggressive and how early should we start with LLT
(Level C evidence).

5. Traditional Risk Factors and CV Risk in FH Patients

Besides the duration of elevated LDL-C levels (cholesterol-year risk score concept in
FH patients), the relationship between LDL-C levels and CV events is also dependent on
some other nonlipid risk factors such as age, sex, body mass index (BMI), lifestyle factors,
sympathetic nervous system, intrinsic individual differences (which might be detected in
the future with genomic analysis) as well as many other more or less well known traditional
and non-traditional risk factors [7,68–70].

In this context it is important to mention the results of Sachdeva et al. on lipid
levels in 136,905 hospitalised patients with CHD [71]. They found that 77% of them had
LDL-C values below 130 mg/dL (3.4 mmol/L) and almost half of them had admission
LDL-C levels <100 mg/dL (2.6 mmol/L) [68]. Even though these data do not reflect the
characteristics of the entire FH patient (LDL-C levels and CV risk), it can be concluded that
on a population level, besides LDL-C levels, many other, more or less defined risk factors
are playing an important role in CHD [72,73].

Obesity with all its metabolic consequences is a well-established player in atheroscle-
rosis and other target organ damages. It is noteworthy that no significant association has
been observed between body weight and an LDL-C level of ≥140 mg/dL (3.6 mmol/L)
implying that if a child has an LDL-C level above this threshold and is obese, FH should be
suspected irrespective of obesity [74]

Humphries et al. reported that BMI > 30kg/m2 significantly increased CV risk in FH
patients [72]. Already more than 20 years ago Gidding et al. found significant coronary
calcium in (7/29) 24% of 11 to 23 years old patients with HeFH with an increased likelihood
of calcium being present in overweight HeFH patients [75]. Although it is assumed that
the children with FH generally do not have problems with body mass excess, 14.1% of
genetically confirmed FH (GC-FH) patients in a study of Medeiros et al. had BMI > 95th
percentile and 33.8% of non-GC-FH children [34]. Of note, Kusters et al. speculate that



J. Clin. Med. 2021, 10, 4930 6 of 22

the small difference in the annual progression of carotid intima-media thickness (cIMT)
in children with FH vs their unaffected siblings 0.00041 mm/year vs. 0.0032 mm/year) is
probably due to the increased prevalence of childhood obesity during past decades [76].

According to the SAFEHEART registry, which is based on adult patients, the annual
CV event rate in FH patients is around 1% and it increases in the presence of additional risk
factors. Age, male sex, history of atherosclerotic CVD before enrollment, high blood pres-
sure, increased BMI, active smoking, LDL-C and Lp(a) levels were independent predictors
of incident CVD during the follow-up [77,78]

Box 4

Expert opinion: It would be important to make a conceptual shift of CV risk assessment in children
with FH from that based upon LDL-C levels alone, to that of combined CV risk assessment incor-
porating other traditional or non-traditional CHD risk factors and their possible additive adverse
effects on vascular phenotype (Level C evidence).

6. Preclinical Vascular Assessment

Elevated LDL-C levels are not the only risk factor for CV events but also for func-
tional and structural abnormalities of the arteries which are a necessary preconditions for
developing CV events. In this regard, a better characterization of the individual vascular
phenotype and definition of subclinical atherosclerosis, may serve as a starting point to
distinguish FH children for early intervention [78]. Only a few guidelines stress the value
of non-invasive imaging of atherosclerosis in assessing and managing asymptomatic FH
adults at intermediate and high risk, but none of them include FH children [79–81].

We have critically reviewed the currently available data on the clinical usefulness of
the most commonly used methods to evaluate vascular and endothelial health as well as
derived non-invasive surrogate atherosclerotic markers in FH children to improve clinical
guidance for risk assessment and appropriate treatment planning of these children.

7. Phenotypic Characterization of Children HeFH Patients

As mentioned previously, vascular phenotypes of large and small vessels may provide
a new insight for studying early subclinical atherosclerosis [72,82]. Although the hard
CV outcome data for HeFH children, with or without surrogate CV markers as defined
by noninvasive methods, are still unavailable, several vascular phenotype parameters
have already been studied to identify FH children with increased CV risk. In the recent
meta-analysis the authors found that ultrasonographic measurements of cIMT and PWV
(by oscillometry or applanation tonometry) are highly reproducible methods, applicable
for both research and clinical practice with proven applicability for children aged ≥6 years
or ≥120 cm of height, and useful for the detection of subclinical arterial damage [83].

8. Carotid Intima-Media Thickness (cIMT)

Studies using carotid ultrasound in healthy children show that the cIMT does not
vary with age, gender, and body habitus during the pediatric age and that there is a close
correlation between ultrasound and quantitative histological measurement of the cIMT
during autopsy (in average 4% difference) [84].

Several clinical trials showed that the cIMT changes are associated with the changes in
the LDL-C levels on a population level and could be used in the evaluation of the carotid
atherosclerosis status [85–87].

Reported values for cIMT in a healthy pediatric population vary from 0.42 mm to
0.64 mm [87]. The most comprehensive study involving more than 1100 children from
6 to 17 years of age reported a cIMT between 0.36 mm (50th percentile at the age of 6) and
0.40 mm (50th percentile at the age of 18) using the caliper-method with the manual tracing
of the contours [84]. The largest study with more than 24,000 individuals including adoles-
cents of 15 years and older, showed that the 75 percentile for the cIMT at an age of 15 years
is 0.449 mm [88]. According to the Mannheim Consensus, the 75th percentile is to be con-
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sidered as the cut-off value for normal versus increased cIMT [89]. The cIMT measurement
should follow the recommendations and practical guidelines for the setting, scanning,
measurement and interpretation of IMT values given by the Association for European
Paediatric Cardiology (AEPC) Working Group on Cardiovascular Prevention [88].

A meta-analysis by Narverud et al. of the articles presenting data on cIMT revealed
significantly thicker cIMT in children with FH compared with controls thus strengthening
the evidence of early atherosclerotic development in children with FH [90]. Likewise, a
recent meta-analysis in the adult population with FH also showed that cIMT is increased
when compared with non-FH adult controls [68].

Braamskamp et al. showed that increased cIMT in statin-treated children with FH
decreases during 6–12 months while Bos et al. showed long-term statin treatment in HeFH
patients reduces carotid atherosclerosis to a degree of the healthy population [91,92].

However, the existing data on this are still inconsistent; a 10-year follow-up study in
statin-treated children with FH and their unaffected siblings showed that the mean cIMT
was significantly greater in children with FH even after 10 years of treatment with lipid-
lowering medication although the progression of the cIMT from baseline remained similar
in both groups. Likewise, regression or slowed progression of cIMT in adults induced
by cardiovascular drug therapies was not reflected in the reduction of cardiovascular
events [93].

However, one should have in mind, that all those results might be an effect of the time
when lipid-lowering therapy was introduced (the earlier the better), the baseline changes
of cIMT, as well as of intensity of therapy.

As for the usefulness of cIMT measurement alone to predict CV events, the results
of meta-analyses are conflicting [93]. However, it is worth noting that no meta-analysis
on this issue took into consideration the heterogenicity of the analysed population with
regard to their different long-term CV risk profiles. The fact that many CV hard outcomes
in previous cohorts studied by meta-analyses certainly occurred in FH patients, which
are by definition at the highest CV risk, make the generalization of their conclusions less
accurate. Recently Dyrbuś et al. found that in adult Polish patients with a history of acute
coronary syndrome almost 1.6% had probable/definitive FH (4 times more than in the
whole population) and 17% had possible FH [94]. Hence, it would be important to further
refine CV risk estimation in FH patients to have data on the predictive value of cIMT in
terms of CV risk in children as well as in adults with FH.

One of the key methodological issues is that, even in high-risk populations, both
in children and in adults, changes in cIMT over time are too small to be captured with
ultrasound cIMT scans, even when measurements are repeated after several years. It was
shown that the annual rate of cIMT progression in children with FH is 0.00041 mm/year,
and therefore below the resolution of carotid ultrasound (~0.3 mm) [76]. Therefore, whether
the dynamic cIMT changes reflect a true change in risk of future CVD events in FH children
has still to be proven. This is an important call for action to find innovative and more
accurate measurements to monitor atherosclerosis progression. One that should be further
discussed is angio-computed tomography and calcium scoring measurement. The recently
introduced hypothesis of the “power of zero”, as well as the results >1 and especially >100
might be a very good tool both for the prediction as well as for the optimal treatment
introduction [95–97].

Box 5

Expert opinion: Although longitudinal data on the association between cIMT in children with FH
and hard CV outcomes are still lacking and although children with FH cannot be distinguished
individually based on their cIMT diameters it would be useful to consider the nearest one decimal
value to 75th percentile of normal cIMT in children (0.5 mm) as a threshold for treatment initiation
of FH children. FH children with cIMT ≥0.4 mm should be carefully monitored to initiate lipid-
lowering management at the most suitable time (Level B evidence).
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9. Endothelial Dysfunction

Endothelial dysfunction is an integrated index of both, the global CV risk-factor bur-
den and the sum of all vasculoprotective factors in an individual [98]. It is considered
a key event in the initiation, progression, and complications of atherosclerosis. Lipids,
particularly LDL-C, play the most important role in endothelial dysfunction by reducing
the bioavailability of nitric oxide (NO) and activating proinflammatory signaling path-
ways [99].

A systematic review and meta-analysis by Masoura et al. with 4057 FH patients
(both adults and children) demonstrated that the severity of hypercholesterolaemia was
associated with the presence of arterial function impairment as assessed by brachial artery
flow-mediated brachial dilation (FMD), which is the most common method for nonin-
vasive assessment of the endothelial function in children [100,101]. However, there is
still a lot of inconsistent results of such analyses in children. At least 6 studies on the
clinical utility of FMD in children with FH showed no correlation between lipid levels and
FMD [49,101–104].

Lewandowski et al. and Järvisalo et al. found that FMD response is inversely associ-
ated with serum cholesterol concentrations, while on the other hand, Deanfield et al. found
no association between HDL and LDL levels and endothelial function [49,105]. In two
more recent studies, FMD was found to be significantly decreased in children with FH
aged >10 years when, compared to control subjects [106–108].

To date there are two studies providing reference values of FMD in a group of healthy
children with enough statistical power (a minimum of 200 children required) [109]. Al-
though there were no significant technical and methodological differences between both
studies the reference FMD values significantly differed in-between both studies, i.e., FMD
max in a group of 13-year-old male children, was 9.5 ± 4.3 (boys) in the first study and
7.86 ± 0.85 in the second study for both boys and girls? [110].

Besides wide reference limits, another barrier for individual vascular phenotype
assessment by FMD operator dependence and wide variation in brachial artery response
during the day.

Apart from FMD, at present some novel methods for in vivo endothelial function as-
sessment, including digital thermal monitoring (DTM), venous occlusion plethysmography
(VOP), are introduced into clinical settings for research purposes [111,112]. However, none
of these methods has been currently applied in the pediatric population due to the lack of
technique and methods standardisation.

10. Arterial Stiffness

Vascular stiffness is another indicator of arterial health, which is dependent on vascu-
lar structure, function, and arterial pressure. It can be quantitated by analysis of arterial
pressure waveforms, changes in diameter (or area) of an artery with respect to the dis-
tending pressure and by assessing the velocity of pulse-wave travel (PWV). Increasing
evidence suggests that aortic stiffness measured by PWV could be a reliable biomarker that
integrates, in a single measurement, the overall burden of CV risk factors on the vasculature
during the over time [113]. However, it has not been proven so far whether measures
of arterial stiffness can be used as a surrogates for atherosclerotic disease as well as for
monitoring the efficacy of CVD treatment in children with FH.

11. Pulse Wave Velocity (PWV)

PWV has emerged as an important parameter, for the measurement of arterial stiffness
and is considered a useful surrogate marker in assessing atherosclerotic development and
CV risk, in adults with CV risk as well FH patients [114–116]. There have been many
clinical studies and meta-analyses in adults showing the association between PWV and
coronary/cerebral/carotid atherosclerosis in the adult population [117]. A meta-analysis
of prospective observational data from 17,635 adult subjects from 17 cohorts showed that
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the addition of PWV improved the CVD risk prediction, especially in intermediate-risk
and younger individuals [118].

Important limitations for PWV implementation in pediatric clinical work were differ-
ent methodological approaches for PWV measuring, as well as the lack of reference values
for children [107,119–122]. Nevertheless, given the low likelihood of validation studies to
be performed in pediatric FH patients it became more important to assess precision and
reproducibility than accuracy (validity) when attempting to analyse the vascular phenotype
in FH children [123,124].

Riggio et al. were the first to suggest that PWV, automatically calculated by the
echo-tracking method, and augmentation index but not carotid intima-media thickness,
are early indicators of vascular damage in hypercholesterolemic children [125]. Aggoun
et al. also found increased stiffness of the common carotid artery in children with FH
independently of blood pressure levels [126]. In the largest study of 267 adolescents, PWV
was significantly elevated in those with high LDL-C [127]. Recently Tran et al. reported that
the PWV as assessed by cardiac MRI is significantly increased (p < 0.001) in children with
FH when compared to age- and sex-matched reference data [128]. Opposite to these results,
Vlahos et al. found no difference in central pulse wave velocity in a group of 30 children
with FH, measured noninvasively using applanation tonometry technique. However, this
study had many methodological limitations [107].

Recently, reference values for the PWV in healthy children have been established [129–134].
They provide the largest database concerning Ao-PWV in healthy children and adolescents
and may be of additional value to improve diagnostics and risk stratification of children
with FH.

A study by Reusz et al. published in 2010 performed in a cohort of >1000 children and
teenagers aged between 6 and 20 years was the first that provided sex-specific reference
curves for age and height and distribution for PWV, using applanation tonometry mea-
surement [129]. However, the wide reference range in this study is the result of practical
problems measuring PWV in younger children since up to one-quarter of carotid-femoral
tonometry data could not be acquired due to difficulties to make them sit still, to palpate
pulses or to obtain traces of adequate quality, which all limits its clinical benefit. Of four
subsequent studies, two studies conducted on healthy children in Latin America and
Europe were based on oscillometric technique with Arteriograph device (requires external
measurement of the jugulum symphysis distance to calculates the timing of the brachial
wave reflection); one study used Vicorder device (automatically marks the pulse wave’s
steepest ascending part and uses a defined timeframe to detect the wave’s nadir to calculate
transit time.) and one study used Mobil-O-Graph device (analyse pulse wave and wave
separation using the inbuilt ARCSolver algorithm) [131–134].

It should be noted that after applying a path length adjustment for the oscillomet-
ric and applanation technique both methods with all mentioned different devices pro-
vided comparable results. Shortened synopsis of PWV 95 and 97.5th percentiles (equal to
2 standard deviations) of pediatric PWV normative data according to age and sex obtained
with oscillometric devices (Arteriograph - Hidvegi et al); (Vicorder - Thorn et al) and using
applanation technique (PulsePen device-Reusz et al) is presented in Table 2. The other
two studies haven’t provided tabular values of PWV percentile categories making them
less practical for clinical usage. Considering the methodological issue, the Arteriograph
uses one cuff but needs the external measurement of the jugulum-symphysis distance,
while Vicorder device uses two cuffs, neck and femoral which could be possible practical
clinical limitations for routine usage. In general, Mobil-O-Graph has a little advantage
over other devices in terms that direct palpation of the artery is not required (also not re-
quired for Vicorder device), and pulse travel distance measurement is not necessary which
is more important. It is important to underline that only a small error in measurement
of path length can influence the absolute value of pulse wave velocity and can lead to
enormous variations in measurements [135]. Of note, inter- and intraobserver variability of
measurements, obtained with Mobil-O-Graph device, is of good reproducibility inter- and
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intraobserver variability [136]. Also, unlike the Vicorder device, Mobile-O-Graph requires
only one site of pressure waveform recording. In general, all devices mentioned above
provide slightly different measures of PWV and their reference values should be used
separately unless corrected for path length.

Box 6

Expert opinion: Depending on the availability of noninvasive equipment for PWV measurement
and staff experience, it would be clinically meaningful to perform PWV measurements (preferably
via oscillometric device we suggest the usage of Mobile-O-Graph device due to the simplicity of
measurement) in all children with FH and evaluate their changes over time. PWV values above
97th (See Table 2) could be a possible guide for treatment initiation in ambiguous clinical cases
(Level B evidence).

Table 2. Synopsis of recently published normative data for aortic PWV according to age for Males
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15 6.471 6.195 7.28 7.12 5.19 5.54
16 6.675 6.316 7.31 7.11 5.20 5.70
17 6.874 6.469 7.35 7.15 5.23 5.82
18 7.082 6.654 7.44 7.26 5.28 5.93

*—Reusz et al. [129]; **—Hidvegi et al. [131] and ***—Elmenhorst et al. [133].

12. Novel Biochemical Biomarkers and CV Risk in FH Children

In recent years an increasing number of studies have been published on the usefulness
of novel biochemical cardiovascular biomarkers (BM) in the risk stratification of children
with FH. However, the small sample size and cross-sectional design limit the generalis-
ability of their results and do not allow establishing prognostic utility. From a clinical
perspective endothelial dysfunction marker plays a main role in the atherosclerotic process.
The binding of circulating leukocytes to the vascular endothelium by their interaction
with cell adhesion molecules is considered a crucial step leading to the initial recruitment
of leukocytes into the vascular wall, low-grade systemic inflammation and atherogene-
sis [137]. For this reason, P-selectin, E-selectin, I-CAM-1, V-CAM-1, von Willebrand factor,
thrombomodulin, plasminogen activator inhibitor-1 (PAI-1) plasma levels, hs-CRP and PAI-
1/tPA ratio are the most investigated BM measuring EC dysfunction in FH patients. To date
there are only a few studies demonstrating an association between endothelial dysfunction
markers and increased vascular risk in FH children [138,139]. Increased intercellular cell
adhesion molecule (ICAM-1) in FH children was reported in one study and an association
between P-selectin levels and carotid IMT was reported in another study [140–142]. As for
hs-CRP, data from 11 studies are discrepant, implying that circulating levels of CRP may be
a less sensitive marker of atherosclerotic development in children with FH [90]. Some other
studies reported higher levels of other inflammatory or mediators, including, interleukin-6
(IL-6), tumor necrosis factor (TNF)- α in FH children compared to controls [102]. A novel
source for plasma-derived markers related to increased CV risk in FH patients, includes
reactive oxygen species (ROS), as well as some novel biomarkers that have been identified
through highly sensitive proteomic techniques.
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Box 7

Expert opinion: Further studies specifically addressing new biochemical cardiovascular biomarkers
in FH children are warranted since the correlation between them and serum cholesterol were not
found consistently. Whether the measurement of these biomarkers might also contribute to CVD
risk stratification in FH children needs further evaluation.

13. Treatment and Phenotype Characterisation

Pharmacological treatment of children with FH is the most challenging task for pedia-
tricians and has not changed much in recent decades. The Cochrane systematic review from
2014 indicated that dietary interventions recommended for FH are not proven to prevent
CHD, and statins remain the basis of medical management for most FH patients [143].
However, this review does not address the effect of diet on lipoprotein levels in FH-
children although a few studies show that diet is able to lower LDL-C levels in the range
of 10–15% [144]. Lipoprotein apheresis and relatively recently approved lipid-lowering
drugs such as the PCSK9 inhibitors are in most countries available but are not widely
accessible for children and we are still waiting for the final results of phase 3 and CVOT
studies with these drugs. Also cost-effectiveness data as well as long term safety data are
lacking for PCSK9 inhibitors in this group of patients and the answer to these questions
will probably be provided by the HAUSER-RCT study which is an ongoing, phase 3,
randomised, placebo-controlled, double-blind, parallel-group, multicenter study designed
to assess the efficacy, safety, and tolerability of evolocumab in pediatric patients aged
10–17 years with HeFH, and The ODYSSEY KIDS study, phase 2, randomised, placebo-
controlled, double-blind, parallel-group, multicenter study designed to assess the efficacy,
safety, and tolerability of alirocumab [145–148]. Given the results of Humphries et al
study, that patients with the PCSK9 mutation have the highest CHD risk, the children, and
adolescents with such a mutation (although extremely rare) may be the best candidates
for these drugs [138]. A recent 24-week, randomised, double-blind, placebo-controlled
trial of evolocumab in pediatric patients with heterozygous familial hypercholesterolaemia
showed its excellent LDL-C–lowering efficacy, tolerance, and safety [139].

As for statins, it is still difficult to decide how aggressive and how early should we
start to prevent premature atherosclerosis as well as how to monitor the effects of this
treatment [149]. The main indication for these drugs and their dosage is still based on
arbitrary LDL-C targets and we still do not consider vascular phenotype status and other
risk factors before the treatment initiation. There are also some new promising approaches
for the treatment of patients with FH as regard gene- and cell-based therapies but no
experience with FH children exists so far [150].

Box 8

We recommend measurements of cIMT and PWV in all children with FH as a routine CV phenotype
and risk assessment procedure. It would be rational to accept “wait and see approach” in children
with both genetically confirmed or non-confirmed FH with LDL-C levels between 130–160 mg/dL
(3.5–4.1 mmol/L) and no existing structural subclinical vascular changes as detected by carotid
ultrasound (normal carotid intima-media thickness—cIMT) measurement. See the proposed algo-
rithm for clinical evaluation and treatment of children and adolescents with HeFH assuming that
before the treatment initiation, other risk factors (history of statin intolerance, thyroid functions,
liver or kidney disease; etc.) also must be evaluated Table 3 (Level C evidence).
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Table 3. The summary of the clinical practice recommendation of the ILEP, MM and APPS.

LDL-C Values cIMT Risk Factors Genetic Confirmation Treatment

3.5–4.1 mmoL/L ⊥ (−) (−) (LM *)

3.5–4.1 mmoL/L ↑ (±) (±) LM * + LLT **

3.5–4.1 mmoL/L ⊥ (±) (+) LM *

4.1–5.0 mmoL/L ⊥ (−) (−) LM *

4.1–5.0 mmoL/L ⊥ (+) (−) LM * + LLT **

≥4.1 mmoL/L ⊥/↑ (±) (+) LM * + LLT **

≥5.0 mmoL/L ⊥/↑ (±) (±) LM * + LLT **

ILEP—International Lipid Expert Panel (ILEP), MM—Mighty Medic and APPS—Association of Preventive
Pediatrics of Serbia;⊥—normal; ↑—increased; PWV—Pulse Wave Velocity; cIMT—Carotid intima media thickness
LM * Lifestyle modifications ** Start LLT (statins and/or ezetimibe) between 8–10 years of age with target
LDL-C < 3.5 mmol/L (130 mg/dL) if >10 years, or ideally 50% reduction from baseline if 8–10 years.

14. Conclusions

It may be reasonable to start phenotypic vascular assessment (cIMT measurement and
PWV) at the age of 8 years when the first significant structural differences in cIMT between
FH and non-FH children were described.

Depending on the availability of non-invasive equipment and staff experience, cIMT
measurement with or without PWV measurement (preferably via Mobil-O-Graph oscillo-
metric device) may be considered to characterise the vascular phenotype.

As a structural vascular phenotype marker, a cIMT of 0.5 mm should be used as a first
threshold for treatment initiation in FH children, however still values ≥0.4 mm should be
treated as a risk and carefully monitored.

Abnormal PWV threshold values > 97 percentile (Table 2), obtained via oscillometric
technique, could be a possible guide for treatment initiation in ambiguous clinical cases.

Nonpharmacological well-adherent lifestyle modification (low-fat diet enriched with
soy protein and physical activity) should be introduced in all low-risk FH children, (non-
genetically confirmed, negative family history for premature CV disease, absence of tradi-
tional or non-traditional CV risk factors) who do not have severe hypercholesterolaemia
(LDL-C between 3.5–4.1 mmol/L (130–160 mg/dL).

All FH children with LDL-C levels between 3.5–4.1 mmol/L (130–160 mg/dL) and
abnormal cIMT thickness should be treated with LLT along with LM preferably between
8–10 years.

Genetically confirmed children with FH and LDL-C levels between 3.5–4.1 mmol/L
(130–160 mg/dL) and normal cIMT thickness should be treated with LM irrespective of
the presence of additional RF or family history of CHD. All genetically non-confirmed
children with FH and LDL-C levels 4.1–5 mmol/L (160–190 mg/dL) and normal cIMT
should be closely monitored for the occurrence of both structural and functional vascular
abnormalities (PWV), and additional comorbid conditions. Nonpharmacological LM
should be immediately introduced and monitored. LLT treatment should be introduced if
any of the RF is present.

We propose LLT together with LM in all children with genetically confirmed FH and
LDL-C levels 4.1–5 mmol/L (160 mg/dL) as well as those children with FH and LDL-C
levels ≥5.0 mmol/L, irrespective of the cIMT, presence of CV risk factors and positive
familial history, preferably between 8–10 years. In those with very high LDL-C levels and
subclinical vascular changes one should consider PCSK9 inhibitors on top of statins and
ezetimibe, as only phase 3 studies will confirm their efficacy and safety and the extension
of indications will be officially approved.

Further longitudinal studies to evaluate dynamic changes of the characteristics of vas-
cular phenotype intermediate endpoints (including endothelial function) during LLT treat-
ment will further contribute to the better understanding of the development of atherosclero-
sis in children with FH as well as their better and more personalised clinical management.
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Appendix A

The Composition of Mighty Medic Satellite Research Group for Pediatric
Dyslipidaemia.

For the composition of the group see the following: Dr.ssa Serafina Di Giacomo, Dr.ssa
Claudia Morozzi, Dr. Hofit Cohen, Prof.ssa Giovanna Bosco, Prof. Francesco Martino, Prof.
Kurt Widhalm, Prof. Bojko B. Bjelakovic, Dr. Michal Vrablik, Prof. Maciej Banach, Prof.
Gerald F. Watts, Prof. ssa Ornella Guardamagna, Prof.ssa Livia Pisciotta

The Composition of the ILEP Group.
International Lipid Expert Panel Experts (alphabetically):
Julio Acosta (Cátedra de Cardiología Clínica de la Escuela Médica Razetti de la Uni-

versidad Central de Venezuela, Caracas, Venezuela); Mutaz Al-Khnifsawi (Al-Qadisiyah
University, Faculty of Medicine, Department of Internal Medicine, Diwaniya City, Iraq);
Fahad Alnouri (Cardiovascular Prevention Unit, Adult Cardiology Department. Prince
Sultan Cardiac Centre Riyadh, Saudi Arabia), Fahma Amar (Unit of Diabetes & Metabolism,
Alexandria University, Alexandria, Egypt), Atanas G. Atanasov (Institute of Genetics and
Animal Breeding of the Polish Academy of Sciences, Jastrzebiec, Poland; Department of
Pharmacognosy, University of Vienna, Vienna, Austria; Ludwig Boltzmann Institute for
Digital Health and Patient Safety, Medical University of Vienna, Vienna, Austria; Insti-
tute of Neurobiology, Bulgarian Academy of Sciences, Sofia, Bulgaria), Gani Bajraktari
(Institute of Public Health and Clinical Medicine, Umeå University, Umeå, Sweden; Clinic
of Cardiology, University Clinical Centre of Kosovo, Prishtina, Kosovo; Medical Faculty,
University of Prishtina, Prishtina, Kosovo), Maciej Banach (Department of Preventive
Cardiology and Lipidology, Medical University of Lodz, Poland; Cardiovascular Research
Centre, University of Zielona-Gora, Zielona-Gora, Poland), Sonu Bhaskar (Department
of Neurology & Neurophysiology, Liverpool Hospital and South Western Sydney Local
Health District, Sydney, NSW, Australia); Bojko Bjelakovic (Clinic of Pediatrics, Clinical
Center, Nis, Faculty of Medicine, University of Nis, Serbia), Eric Bruckert (Pitié-Salpetrière
Hospital and Sorbonne University, Cardio metabolic Institute, Paris, France), Ibadete By-
tyci (Cardiology Clinic, University Clinical Centre of Kosovo, Prishtina, Kosovo), Alberto
Cafferata (Facultad de Medicina, Instituto Universitario de Ciencias de la Salud, Fundación
H.A. Barceló, Argentina), Richard Ceska (Third Department of Medicine - Department of
Endocrinology and Metabolism of the First Faculty of Medicine, Charles University and
General University Hospital, Prague, Czech Republic), Arrigo F.G. Cicero (Atherosclerosis
and Hypertension Research Group, Medical and Surgical Sciences Department, Univer-
sity of Bologna, Bologna, Italy), Xavier Collet (Institute of Metabolic and Cardiovascular
Diseases, Inserm, Toulouse, France), Magdalena Daccord (FH Europe), Olivier Descamps
(Department of Internal Medicine, Centres Hospitaliers Jolimont, Haine Saint-Paul, Bel-
gium; Department of Cardiology, Cliniques Universitaires Saint-Luc, Bruxells, Belgium),
Dragan Djuric (Institute of Medical Physiology "Richard Burian" Faculty of Medicine,
University of Belgrade, Belgrade, Serbia), Ronen Durst (Cardiology Department, Hadassah
Hebrew University Medical Center, Ein Kerem, Jerusalem, Israel), Marat V. Ezhov (National
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Cardiology Research Center, Moscow, Russia), Zlatko Fras (Preventive Cardiology Unit,
Department of Vascular Medicine, Division of Medicine, University Medical Centre Ljubl-
jana, Slovenia; Faculty of Medicine, University of Ljubljana, Ljubljana, Slovenia), Dan Gaita
(Institutul de Boli Cardiovasculare, Universitatea de Medicina si Farmacie Victor Babes
din Timisoara, Romania), Adrian V. Hernandez (Health Outcomes, Policy, and Evidence
Synthesis (HOPES) Group, University of Connecticut/Hartford Hospital Evidence-Based
Practice Center, Hartford, CT, USA; Vicerrectorado de Investigación, Universidad San
Ignacio de Loyola (USIL), Lima, Peru), Steven R. Jones (the Johns Hopkins Ciccarone
Center for the Prevention of Heart Disease, Baltimore, MD, USA), Jacek Jozwiak (Depart-
ment of Family Medicine and Public Health Faculty of Medicine University of Opole,
Opole, Poland), Nona Kakauridze (Department of Internal Medicine, Faculty of Medicine,
Tbilisi State Medical University, Tbilisi, Georgia), Amani Kallel (University of Tunis El
Manar, Faculty of Medicine of Tunis, Tunis, Tunisia); Niki Katsiki (Second Department
of Propaedeutic Internal Medicine, Medical School, Aristotle University of Thessaloniki,
Hippocration Hospital, Thessaloniki, Greece), Amit Khera (Department of Cardiology,
UT Southwestern Medical Center, Dallas, TX, USA), Karam Kostner (Mater Hospital,
University of Queensland, St Lucia, QLD, Australia), Raimondas Kubilius (Department
of Rehabilitation, Medical Academy, Lithuanian University of Health Sciences, Kaunas,
Lithuania), Gustavs Latkovskis (Institute of Cardiology and Regenerative Medicine, Fac-
ulty of Medicine, University of Latvia, Riga, Latvia; Pauls Stradins Clinical University
Hospital, Riga, Latvia), G.B. John Mancini (Department of Medicine, Division of Cardi-
ology, University of British Columbia, Vancouver, British Columbia, Canada), A. David
Marais (Chemical Pathology Division 58 of the Department of Pathology, University of
Cape Town Health Science Faculty, Cape Town, South Africa), Seth S. Martin (Ciccarone
Center for Prevention of Heart Disease, Division of Cardiology, Department of Medicine,
Johns Hopkins University School of Medicine, Baltimore, MD, USA), Julio Acosta Mar-
tinez (Medico Cardiologo de la Policlinica Metropolitana, Carcass, Venezuela), Mohsen
Mazidi (Department of Twin Research and Genetic Epidemiology, King’s College London,
St Thomas’ Hospital, Strand, London, UK), Dimitri P. Mikhailidis (Department of Clinical
Biochemistry, Royal Free Campus, University College London Medical School, University
College London (UCL), London, UK), Erkin Mirrakhimov (Kyrgyz State Medical Academy,
Bishkek, Kyrgyzstan), Andre R. Miserez (diagene Research Institute, Reinach, Switzerland;
University of Basel, Basel, Switzerland), Olena Mitchenko (Dyslipidaemia Department,
Institute of Cardiology AMS of Ukraine, Ukraine), Natalya P. Mitkovskaya (Belarusian
State Medical Univer- sity, Minsk, Republic of Belarus), Patrick M. Moriarty (Division of
Clinical Pharmacology, Division of Internal Medicine, University of Kansas Medical Center,
Kansas City, Kansas, USA), Seyed Mohammad Nabavi (Applied Biotechnology Research
Center, Baqiyatallah University of Medical Sciences, Tehran, Iran), Devaki Nair (Depart-
ment of Clinical Biochemistry, the Royal Free London NHS Foundation Trust, Pond Street,
London, UK), Demosthenes B. Panagiotakos (School of Health Science and Education,
Department of Nutrition and Dietetics, Harokopio University of Athens, Athens, Greece),
György Paragh (Department of Internal Medicine, Faculty of Medicine, University of
Debrecen, Debrecen, Hungary), Daniel Pella (1st Department of Internal Medicine, Faculty
of Medicine, Pavol Jozef Safarik University, Košice, Slovakia), Peter E. Penson (School of
Pharmacy and Biomolecular Sciences, Liverpool John Moores University, Liverpool, UK),
Zaneta Petrulioniene (Vilnius University Faculty of Medicine, Vilnius, Lithuania; Vilnius
University Hospital Santaros Klinikos, Vilnius, Lithuania), Matteo Pirro (Department of
Medicine, University of Perugia, Perugia, Italy), Arman 59 Postadzhiyan (Bulgarian So-
ciety of Cardiology, Medical University of Sofia, Sofia, Bulgaria), Raman Puri (I P Apollo
Hospital, New Delhi, India), Ashraf Reda (Menoufia University, President of EAVA), Željko
Reiner (University Hospital Center Zagreb, Department of Internal Medicine, School of
Medicine, University of Zagreb, Zagreb, Croatia), Dina Radenkovic (Health Longevity
Performance Optimisation Institute, Cambridge, UK), Michał Rakowski (International
Lipid Expert Panel, Poland, The Bio-Med-Chem Doctoral School of the University of Lodz
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and Lodz Institutes of the Polish Academy of Sciences, University of Lodz, Lodz, Poland),
Jemaa Riadh (Laboratory of Biochemistry, Faculty of Medicine of Tunis, Rabta Hospital,
University of Tunis El Manar, Tunis, Tunisia), Dimitri Richter (Cardiac Department, Eu-
roclinic, Athens, Greece), Manfredi Rizzo (Biomedical Department of Internal Medicine
and Medical Specialties, University of Palermo, Palermo, Italy), Massimiliano Ruscica
(Department of Pharmacological and Biomolecular Sciences, University of Milan, Milan,
Italy), Amirhossein Sahebkar (Biotechnology Research Center, Pharmaceutical Technology
Institute, Neurogenic Inflammation Research Center, and School of Pharmacy, Mashhad
University of Medical Sciences, Mashhad, Iran), Naveed Sattar (Institute of Cardiovas-
cular and Medical Sciences, University of Glasgow, Glasgow, UK), Maria-Corina Serban
(Department of Functional Sciences, Discipline of Pathophysiology, "Victor Babes" Uni-
versity of Medicine and Pharmacy, Timisoara, Romania), Abdulla M.A Shehab (Medical
Education Department, United Arab Emirates University, Al Ain, United Arab Emirates),
Aleksandr B. Shek (Department of Ischemic Heart Disease and Atherosclerosis, Republican
Specialised Center of Cardiology, Tashkent, Uzbekistan), Cesare R. Sirtori (Dipartimento
di Scienze Farmacologiche e Biomolecolari, Università di Milano Centro Dislipidemie,
Grande Ospedale Metropolitano, Niguarda Ca’Granda President, Fondazione Carlo Sir-
tori), Claudia Stefanutti (Department of Molecular Medicine, Sapienza University of Rome,
Rome, Italy), Tomasz Tomasik (Department of Family Medicine, Chair of Internal Medicine
and Gerontology, Jagiellonian University Medical College, Krakow, Poland), Peter P. Toth
(The Johns Hopkins Ciccarone Center for the Prevention of Heart Disease, Baltimore,
MD, USA), Margus Viigimaa (Tallinn University of Technology, North Estonia Medical
Centre, Tallinn, Estonia), Pedro Valdivielso (Catedrático de Medicina, Departamento de
Medicina y Dermatología, Universidad de Málaga, España), Dragos Vinereanu (Cardiol-
ogy Department, University and Emergency Hospital, Bucharest, Romania, University of
Medicine and Pharmacy Carol Davila, Bucharest, Romania), Branislav Vohnout (Institute
of Nutrition, Faculty of Nursing and Health Professional Studies and Coordination Centre
for Familial Hyperlipoproteinemias, Slovak Medical University in Bratislava, Bratislava,
Slovakia; Institute of Epidemiology, School of Medicine, Comenius University, Bratislava,
Slovakia), Stephan von Haehling (Department of Cardiology and Pneumology, Heart
Center Göttingen, University of Göttingen Medical Center, Georg-August-University, Göt-
tingen, Germany), Michal Vrablik (1st Faculty of Medicine, Charles University and General
University Hospital, Prague, Czech Republic), Nathan D. Wong (Department of Medicine,
School of Medicine University of California, Irvine, CA, USA; Heart Disease Prevention
Program, Division of Cardiology, University of California, Irvine, California, USA), Hung-I
Yeh (Department of Medicine, Mackay Medical College, Taipei, Taiwan; Cardiovascular
Division, Department of Internal Medicine, MacKay Memorial Hospital, Taipei, Taiwan),
Jiang Zhisheng (Institute of Cardiovascular Disease, University of South China, Hengyang,
Hunan, China), and Andreas Zirlik (University Heart Centre Freiburg University, Depart-
ment of Cardiology and Angiology I, Faculty of Medicine, University of Freiburg, Freiburg,
Germany).

The Composition of the Group of Association of Preventive Pediatrics of Serbia.
Dr. Vladimir Vukovic (Institute of Public Health of Vojvodina, Centre for Disease

Control and Prevention, Novi Sad, Serbia), Asst. Prof. Sanja Stankovic (Center for Medical
Biochemistry, University Clinical Center of Serbia, Belgrade, Serbia; University of Kraguje-
vac, Faculty of Medical Sciences, Kragujevac, Serbia), Asst. Prof. Marko Jovic (Institute of
histology and embriology, Medical faculty, Nis Serbia), Prof. Zarko Cojbasic (Mechanical
Engineering Faculty, University of Nis, Serbia), Prof. Maja Nikolic (Institute of public
health, Medical faculty, University of Nis, Serbia, Dr. Branislava Stanimirov (Primary
Health Center Novi Sad, Serbia), Assoc. Prof. Ivana Budic (Clinic for Anesthesiology and
Intensive Therapy, University Clinical Center Nis, Medical Faculty, University of Nis, Ser-
bia), Dr. Ivana Filipovic (Hospital for Gynecology and Obstetrics, neonatology department,
University Hospital Center Dr Dragiša Mišović, School of Medicine, University of Belgrade,
Serbia) Prof. Dimitrije Nikolić (Universtity Children’s Hospital Belgrade, Serbia, University
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of Belgrade Faculty of Medicine), Prof. Maja Milojkovic (Department of Pathophysiology,
Faculty of Medicine, University of Nis, Serbia), Asst Prof Sergej Prijic, Prof. Andjelka
Stojkovic (Pediatric Clinic, University Clinical Center, Kragujevac, Faculty of Medical
Sciences, University of Kragujevac), Prof. Zorica Zivkovic (Children’s Hospital for Lung
Diseases and TB, Medical Center “Dr Dragiša Mišović”, Belgrade; Faculty of Pharmacy
Novi Sad, Business Academy, Novi Sad, Serbia), Prof dr Ljiljana Saranac, (University Clini-
cal Centre, Nis; Faculty of Medicine, University of Nis, Serbia), Dr. Bojana Cokic (Primary
Health Center Zajecar, Serbia), Prim. Dr. Biljana Markovic (Primary Health Center Nis,
Serbia), Assist. Prof. Ivona Djordjevic (Pediatric Surgical Clinic, University Clinical Centre
Nis, Medical Faculty, University of Nis, Serbia), Nurse Ana Radomirovic (Primary Health
Center Nis, Serbia), Nurse Maja Petkovic (Primary Health Center Nis, Serbia).
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94. Dyrbuś, K.; Gąsior, M.; Desperak, P.; Osadnik, T.; Nowak, J.; Banach, M. The prevalence and management of familial hypercholes-
terolemia in patients with acute coronary syndrome in the polish tertiary centre: Results from the TERCET registry with 19,781
individuals. Atherosclerosis 2019, 288, 33–41. [CrossRef]

95. Banach, M.; Penson, P.E. Lipid-lowering therapies: Better together. Atherosclerosis 2021, 320, 86–88. [CrossRef]
96. Santos, R.D. Absence of coronary artery calcification and low rates not only of coronary and cardiovascular mortality: Can the

power of zero be expanded beyond the vessels? Atherosclerosis 2020, 294, 44–45. [CrossRef]
97. Osei, A.D.; Mirbolouk, M.; Berman, D.; Budoff, M.J.; Miedema, M.D.; Rozanski, A.; Rumberger, J.A.; Shaw, L.; Al Rifai, M.; Dzaye,

O.; et al. Prognostic value of coronary artery calcium score, area, and density among individuals on statin therapy vs. non-users:
The coronary artery calcium consortium. Atherosclerosis 2021, 316, 79–83. [CrossRef]

98. Gorabi, A.M.; Kiaie, N.; Hajighasemi, S.; Banach, M.; Penson, P.E.; Jamialahmadi, T.; Sahebkar, A. Statin-induced nitric oxide
signaling: Mechanisms and therapeutic implications. J. Clin. Med. 2019, 8, 2051. [CrossRef]

99. Kinlay, S.; Libby, P.; Ganz, P. Endothelial function and coronary artery disease. Curr. Opin. Lipidol. 2001, 12, 383–389. [CrossRef]
100. Anderson, T.J.; Uehata, A.; Gerhard, M.D.; Meredith, I.T.; Knab, S.; Delagrange, D.; Lieberman, E.H.; Ganz, P.; Creager, M.A.;

Yeung, A.C.; et al. Close relation of endothelial function in the human coronary and peripheral circulations. J. Am. Coll. Cardiol.
1995, 26, 1235–1241. [CrossRef]

101. Masoura, C.; Pitsavos, C.; Aznaouridis, K.; Skoumas, I.; Vlachopoulos, C.; Stefanadis, C. Arterial endothelial function and wall
thickness in familial hypercholesterolemia and familial combined hyperlipidemia and the effect of statins. A systematic review
and meta-analysis. Atherosclerosis 2011, 214, 129–138. [CrossRef]

102. Charakida, M.; Tousoulis, D.; Skoumas, I.; Pitsavos, C.; Vasiliadou, C.; Stefanadi, E.; Antoniades, C.; Latsios, G.; Siasos, G.;
Stefanadis, C. Inflammatory and thrombotic processes are associated with vascular dysfunction in children with familial
hypercholesterolemia. Atherosclerosis 2009, 204, 532–537. [CrossRef]

103. Mietus-Snyder, M.; Malloy, M.J. Endothelial dysfunction occurs in children with two genetic hyperlipidemias: Improvement with
antioxidant vitamin therapy. J. Pediatr. 1998, 133, 35–40. [CrossRef]

104. Hoffmann, U.; Dirisamer, A.; Heher, S.; Kostner, K.; Widhalm, K.; Neunteufl, T. Relation of peripheral flow-mediated vasodilata-
tion and coronary arterial calcium in young patients with heterozygous familial hypercholesterolemia. Am. J. Cardiol. 2002, 90,
70–73. [CrossRef]

105. Jarvisalo, M.J.; Ronnemaa, T.; Volanen, I.; Kaitosaari, T.; Kallio, K.; Hartiala, J.J.; Irjala, K.; Viikari, J.S.; Simell, O.; Raitakari, O.T.
Brachial artery dilatation responses in healthy children and adolescents. Am. J. Physiol. Heart Circ. Physiol. 2002, 282,
H87–H92. [CrossRef]

106. Reriani, M.K.; Lerman, L.O.; Lerman, A. Endothelial function as a functional expression of cardiovascular risk factors. Biomark.
Med. 2010, 4, 351–360. [CrossRef]

107. Vlahos, A.P.; Naka, K.K.; Bechlioulis, A.; Theoharis, P.; Vakalis, K.; Moutzouri, E.; Miltiadous, G.; Michalis, L.K.; Siamopoulou-
Mavridou, A.; Elisaf, M.; et al. Endothelial dysfunction, but not structural atherosclerosis, is evident early in children with
heterozygous familial hypercholesterolemia. Pediatr. Cardiol. 2014, 35, 63–70. [CrossRef]
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