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Abstract:

Familial hypercholesterolemia (FH)is a genetic disorder that causes elevated levels of low-density
lipoprotein cholesterol (LDL-C), increasing the risk of premature cardiovascular disease (CVD) at an
early age. FH is classified into two forms: heterozygous FH (HeFH) and homozygous FH (HoFH).
The identification of FH in children is crucial, as untreated patients have a higher risk of developing
CVD than the general population. Statins are the first-line agents for FH treatment in children and aim
to lower LDL-C levels and reduce the risk of CVD, especially in young adults. This review aims to
provide a rationale for statin therapy in the management of pediatric FH and discusses the potential
benefits and risks associated with statin efficacy. The article also discusses the overview of statins,
statin potency, and the potential risks associated with statin therapy.

Keywords: Hyperlipoproteinemia Type 1I, Hydroxymethylglutaryl-CoA Reductase Inhibitors,
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Introduction

Familial hypercholesterolemia (FH) is a genetic disorder characterized by elevated levels of low-
density lipoprotein cholesterol (LDL-C). This disease is caused by mutations in the genes responsible
for regulating the metabolism of LDL-C, leading to a reduced ability of the body to remove cholesterol
from the bloodstream. The prevalence of FH is estimated to be 1 in 250 to 1 in 500 people and
increases the risk of cardiovascular disease (CVD) at an early age [1].

FH is classified into two forms: heterozygous FH (HeFH) and homozygous FH (HoFH). HeFH is the
most common form and is caused by a single-copy gene mutation, while HoFH is a rarer form that
occurs when two copies of the mutated gene are present [2]. HeFH is associated with high levels of
LDL-C from childhood, and individuals affected with this form of FH are at a high risk of developing
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premature CVVD. HoFH is a much more severe form of the disease, and individuals with this form of
FH have extremely high levels of LDL-C, leading to severe CVD in early adulthood [3].

Identification of FH in children is crucial, as treatment can be started at a younger age, before the
manifestations of CVD [4] Untreated HF patients have a 10-20 times greater risk of developing CVD
than the general population [5]. People with FH who receive early treatment have significantly lower
rates of CVD and mortality [6]. In contrast, delayed diagnosis and treatment of FH can lead to
premature CVD and other complications that can severely affect quality of life [7].

Statins are the first-line agents for FH treatment in children and the general population. The primary
goal of FH treatment is to lower LDL-C levels and reduce the risk of CVD, especially as young adults
since usually the first sign of the disease is myocardial infarction and many times, death [8]. Statins
significantly reduce LDL-C levels in pediatric FH patients and are generally well tolerated [9].

The purpose of this review is to provide a rationale for statin therapy in the management of pediatric
FH and discuss the potential benefits and risks associated with statin efficacy.

Methodology:

This narrative review aims to investigate the role of statin potency in the treatment of familial
hypercholesterolemia in children. The search was conducted using articles found on PubMed and
Google Scholar that were written in English. The keywords used were statins, statin-potency, familial
hypercholesterolemia, familial hypercholesterolemia therapy and children. These terms then were
crossed in the following combinations: “statin” or “statin potency” AND “familial
hypercholesterolemia” or “familial hypercholesterolemia therapy” AND “children” or “pediatrics”.

Overview of statins

Statins are competitive inhibitors of HMG-CoA reductase, the enzyme that catalyzes the rate-limiting
step of cholesterol synthesis in the liver [10]. By reducing the activity of this enzyme, statins decrease
the production of cholesterol, particularly LDL-C, which is known to be a significant contributor to
the development of atherosclerosis and CVD [11].

Statins upregulate the expression of LDL receptors on the surface of hepatocytes, which enhances the
clearance of circulating LDL-C from the bloodstream, leading to a further reduction in its level [12].
In addition to their cholesterol-lowering effects, statins exhibit pleiotropic effects that are likely to
contribute to their overall cardiovascular benefits [13]. These include the reduction of inflammation,
improvement of endothelial function, and stabilization of atherosclerotic plaques. It has been
suggested that these effects could account for the residual risk reduction observed in patients treated
with statins, even in the presence of optimal LDL-C levels [14].

Statin potency

Potency is a pharmacological term used to describe the strength of a drug in reducing LDL-C levels.
The measurement of potency is typically determined by the percentage reduction of LDL-C achieved
by the drug [15]. Patients with elevated levels of LDL-C may necessitate the administration of more
potent statins to attain their treatment objectives. Moreover, individuals with additional cardiovascular
disease (CVD) risk factors, such as a history of heart disease or diabetes, may derive benefits from
more potent statins 16. Nevertheless, it is crucial to strike a balance between the advantages of statin
therapy and the potential risks of side effects such as hepatic damage and muscular pain. The selection
of a specific statin therapy should be tailored to the individual and capable of achieving the desired
treatment goals, considering the incidence and severity of reported adverse effects [17].

Statins are categorized based on their efficacy in reducing LDL-C levels into three distinct groups.
The first group comprises low-intensity statins, which can reduce LDL-C levels by no more than 30%.
The second category consists of moderate-intensity statins that can lower LDL-C levels between 30%
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and 49%. Finally, high-intensity statins constitute the third group and can reduce LDL-C levels by
50% or more. This classification system is useful in guiding the selection of the appropriate statin
therapy for individual patients with varying degrees of LDL-C elevation [18].Fig 1
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Figure 1. Statins in children with familial hypercholesterolemia

The administration of statin therapy is generally safe and well-tolerated. Although there exists a risk
of adverse events associated with the administration of statin therapy, most side effects can be
managed by adjusting the dose or switching to a different statin. Furthermore, the established
advantages of statin therapy in mitigating the risk of cardiovascular disease are grounded in extensive
clinical research and evidentiary support [19].In the United States, pravastatin and pitavastatin have
been approved by the FDA for children aged > 8 years with HeFH (Fig.2).
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Figure 2. Proposed algorithm of heterozygous FH in children and adolescents
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Lovastatin, simvastatin, fluvastatin, atorvastatin, and rosuvastatin have been approved for use in
children aged >10 years with FH. At the higher prescribed doses, atorvastatin and rosuvastatin are
more potent than the other approved medications [20]. Rosuvastatin was recently approved for use in
children from 7 years old with HoHF [21] (Fig.3)
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Flgure 2. Proposed algorithm of heterozygous FH in children and adolescents

Low potency statins

Fluvastatin. In patients with HeFH, fluvastatin (20 mg as a starting dose, and a maximum of 80
mg/day) significantly reduced LDL-C levels by 30.6% in the treatment group compared to the placebo
group (p<0.001). The mean decrease in LDL-C levels was 47.8 mg/dL in the fluvastatin group,
compared to an increase of 3.3 mg/dL in the placebo group. The study also found that fluvastatin was
well tolerated, with no significant differences in adverse events between the treatment and placebo
groups. The most common adverse events reported were upper respiratory tract infections and
headaches [22].

Lovastatin. Lovastatin has been found to reduce the LDL-C levels between 25-29% given at a starting
dose of 10 mg/day, and a maximum of 40 mg/day in children aged 8-18 years [23].

Pravastatin. Several studies have investigated the efficacy of pravastatin in reducing LDL-C levels
in children with familial hypercholesterolemia. Studies have reported an LDL-C reduction of 24-30%,
besides, carotid Intima-Media thickness regression compared with placebo. No differences were
observed in growth, muscle or liver enzyme levels, or pubertal development between groups [24,25,].

Moderate potency statins

Simvastatin. The study by de Jongh [26] showed reductions of 30% in total cholesterol levels and a
39.8% reduction in LDL-C levels. Also, simvastatin showed an improvement in endothelial
dysfunction toward normal levels after the short term. Simvastatin therapy showed a better response
in children with the C646Y mutation LDL receptor genotype [27].

High potency statins

Atorvastatin. The magnitude of LDL-C reduction in children with FH varies between studies but
ranges from 39% to 50.1% compared to baseline levels [28]. Treatment with atorvastatin over 3 years
in children and adolescents with HeFH had no impact on growth/maturation, was well tolerated, and
only 2.2% of the subjects discontinued treatment because of adverse events [29].
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Pitavastatin. In terms of its effect on LDL-C levels in adults, pitavastatin is approximately six times
stronger than atorvastatin and 1.7 times more potent than rosuvastatin [30]. Pitavastatin in children
shows a reduction based on the given dose. With 1 mg/day, the reduction was 23-28.5%, and with the
2 mg dose, the reduction observed was between 30.1-36.3% [31].

Rosuvastatin. Rosuvastatin is a drug indicated for the treatment of the heterozygous and homozygous
forms of FH. In patients with the heterozygous form, the reduction in LDL-C levels ranged from
47.3% to 50.8% [32,33]. For patients with the homozygous form, rosuvastatin achieved a 41%
reduction in LDL-C levels by 41% compared to baseline. The largest mean reduction in LDL-C-C
with rosuvastatin was observed in the subgroup with two defective LDLR mutations. [34]

What are the risks associated with statin use in FH children?

As with any other medication, there are potential risks and side effects associated with the use of
statins in children with FH.Overall, statins are generally well-tolerated.

Despite concerns about the potential risk for liver dysfunction due to statin therapy in children,
available evidence does not support an increased risk of liver failure in this population.[35].

In adults, the likelihood of rhabdomyolysis of patients taking statins is estimated to be less than 0.1%.
However, the risk of rhabdomyolysis can vary and may depend on factors such as the dosage and
potency of statin used, as well as comorbidities or concurrent usage of medications that may heighten
the risk. The risk of rhabdomyolysis in children diagnosed with FH who receive statin therapy is
relatively lower compared than that in adult patients, although the overall risk remains relatively low
[36].

There is no evidence indicating a difference in sexual development, as assessed by the Tanner staging
method, between the group receiving statins and the group receiving a placebo [37].

Data have been accumulating on the potential adverse effects of these drugs on glycemic control in
patients with type 2 diabetes [38]. However, the risk of type 2 diabetes in children with FH on statin
therapy is unclear [39]. A recent study assessing the association between treatment with statins and
changes in insulin resistance markers in children and adolescents in Slovenia found no significant
changes [40].

Children with FH who are receiving statin therapy should undergo routine monitoring of their
cholesterol levels, liver function tests, and creatine kinase levels. If a child experiences muscle
symptoms, it is recommended to reduce the statin dose, switch statins, or consider the use of
alternative treatments for children who cannot tolerate statin therapy [41]. It is important to manage
potential drug interactions, particularly with medications that increase the risk of myopathy [42].

Conclusion

The early detection of FH in children is of fundamental importance, given that untreated FH may lead
to an elevated risk of CVD at a young age. Statins represent the primary therapeutic option for
managing FH in children, and all individuals diagnosed with FH, regardless of age, should commence
statin therapy promptly. High-potency statins offer a feasible way to achieve treatment objectives
and mitigate the risk of CVD in this cohort. However, clinicians should adopt a personalized approach
to therapy and remain aware of the potential benefits and risks associated with each type of statin.
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