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Abstract: Heterozygous Familial Hypercholesterolemia (HeFH) is a prevalent genetic disorder, which is
typically characterized by markedly elevated levels of total cholesterol and low-density lipoprotein
cholesterol (LDL-C), the presence of tendon xanthomas and corneal arcus, as well as an increased
susceptibility to premature atherosclerotic cardiovascular diseases (ASCVD).Extensive research
conducted both domestically and internationally has demonstrated that HeFH has a relatively high
prevalence. Nevertheless, the awareness and implementation rates of its treatment modalities remain
rather low. Currently, commonly adopted treatment strategies encompass lifestyle modifications, the use
of statin medications, and PCSK?9 inhibitors, among others. As the development of novel lipid-lowering
drugs and innovative treatment approaches continues to progress, the range of available treatment
options is becoming progressively more diverse. Extensive research conducted both domestically and
internationally has demonstrated that HeFH has a relatively high prevalence. Nevertheless, the
awareness and implementation rates of its treatment modalities are relatively low. Among the existing
treatment regimens, lifestyle interventions, statin drugs, and PCSK9 inhibitors are commonly utilized. As
the development of novel lipid-lowering drugs and innovative treatment approaches continues to
progress, the range of available treatment options is becoming progressively more diverse. This review
aims to explore the existing treatment modalities for heterozygous familial hypercholesterolemia as well
as those that can be achieved in the future, with the intention of providing a comprehensive understanding
and reference for relevant medical research and clinical practice.
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1. Introduction

Heterozygous Familial Hypercholesterolemia (HeFH) is a hereditary disease primarily manifested by
receptor-mediated disorders in the metabolism of low-density lipoprotein cholesterol (LDL-C). It is
usually diagnosed based on cholesterol levels, premature coronary artery disease, and family history [1].
In the past, its true prevalence was often underestimated. A study involving over 7.3 million people
demonstrated that the overall prevalence of Familial Hypercholesterolemia (FH) was 1:311 (0.32%), with
the prevalence among children (1:364 [0.28%]) being lower than that among adults (1:303 [0.33%]) [2].
A cohort study in China indicated that the crude prevalence rate of Familial Hypercholesterolemia was
0.19% [3].

HeFH not only has a high prevalence but also significantly increases the occurrence of cardiovascular
risk events. Studies have shown that patients with HeFH present clevated levels of low-density
lipoprotein cholesterol (LDL-C) since birth. The continuous increase in the exposure to LDL-C
throughout life can lead to a higher risk of atherosclerotic cardiovascular diseases (ASCVD) and
premature cardiovascular events [4]. Moreover, there is a dose-response relationship between cholesterol
and the cardiovascular risk in patients with Familial Hypercholesterolemia. The cholesterol annual score,
which is an index for evaluating the cumulative exposure of LDL-C, has been shown to be associated
with the occurrence of major cardiovascular events in patients with Familial Hypercholesterolemia [5].
Over time, untreated male and female Familial Hypercholesterolemia patients have a 30% to 50% risk
of fatal or non-fatal cardiac events at the ages of 50 and 60, respectively [1, 6]. Therefore, it is of crucial
importance to adopt effective lipid-lowering treatments at an early stage.

The 2019 ESC/EAS Guidelines for the Management of Dyslipidemia [7] proposed that in FH patients
with ASCVD or other major risk factors, the LDL-C target is to reduce LDL-C by >50% compared to
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the baseline, with LDL-C <1.4 mmol/L (<55mg/dL); in FH patients without ASCVD or other major risk
factors, the LDL-C target is to reduce LDL-C by >50% from the baseline and have LDL-C <1.8 mmol/L
(<70 mg/dL). However, the lipid levels of most patients after treatment are far higher than this standard.
Hence, the treatment of HeFH still awaits further popularization and attention.

2. Treatment modalities
2.1 Lifestyle interventions

A healthy lifestyle plays an indispensable role as an adjunctive treatment for heterozygous familial
hypercholesterolemia. Research has shown that among patients with familial hypercholesterolemia, a
higher level of adherence to the Mediterranean diet is correlated with better control of dyslipidemia and
a lower degree of inflammation [8]. Regarding diet, it is advisable to increase the intake of foods rich in
dietary fiber and high-quality protein while reducing the consumption of foods containing
polyunsaturated fats and high cholesterol. Moreover, supplementing with omega-3 fatty acids can
contribute to lowering cholesterol and triglyceride levels [9]. In addition, maintaining at least 150 minutes
of exercise per week is essential. Smoking is an independent predictor for the occurrence of
atherosclerotic cardiovascular diseases within 10 years among patients with FH [10]. Therefore, quitting
smoking can effectively decrease the incidence of premature coronary heart disease.

2.2 Pharmacological Treatments

2.2.1 Oral drug treatment
2.2.1.1 Statins

They are the most fundamental treatment approach for heterozygous familial hypercholesterolemia.
Their mechanism of action lies in competitively inhibiting hydroxymethylglutaryl coenzyme A (HMG-
CoA) reductase, thereby reducing cholesterol synthesis and effectively lowering the incidence of
cardiovascular events. Treatment is usually divided into three intensities. High-intensity statins (such as
atorvastatin 40 - 80 mg or rosuvastatin 20 - 40 mg) can reduce LDL-C by at least 50%; moderate-intensity
statins (such as atorvastatin 10 - 20 mg or rosuvastatin 5 - 10 mg) can reduce LDL-C by 30% to 49%;
low-intensity statins (such as pravastatin 10 - 20 mg, simvastatin 10 mg or rosuvastatin 2.5 mg) can
reduce LDL-C by less than 30% [11]. The 2019 ESC/EAS Guidelines recommend that treatment should
start with high-intensity statin therapy [7]. In a large cohort study of patients with heterozygous FH, it
was pointed out that moderate-to-high-intensity statin therapy was associated with a approximately 44%
reduction in the relative risk of primary prevention for coronary artery disease (CAD) and all-cause
mortality [12]. Among children and adolescents, statins are also an effective and safe way to lower lipids.
One study indicated that statins can also effectively delay the progression of carotid artery plaques [13,
14]. Another meta-analysis that included nine randomized placebo-controlled studies showed that statins
are an effective method for treating FH in children, and the incidence of adverse events was the same in
the statin group and the placebo group [15]. All statins have a lipid-lowering effect on patients with
heterozygous FH. However, the efficacy of statins partly depends on the increase in LDL receptor activity.
Therefore, statins alone are not sufficient to reach the target lipid levels recommended by the guidelines,
which is also the reason why many patients with heterozygous FH choose combination drug therapy. The
common side effects of statins include abnormal liver function, muscle damage, and effects on glucose
homeostasis. As a result, most patients cannot adhere to the use of statins or use statin doses with
insufficient intensity. However, some studies have pointed out that long-term statin therapy is very safe
and the established cardiovascular benefits of statin therapy far outweigh the risks of adverse reactions
[16].For other diseases, such as dementia, hepatic encephalopathy, venous thromboembolism, atrial
fibrillation, polycystic ovary syndrome, and cancer, studies have also been conducted, but the impact of
statins on these diseases has not been reliably demonstrated [7].Therefore, in the choice of treatment
options for heterozygous familial hypercholesterolemia, both in adults and children, statins have an
unshakable position at present and in the future.

2.2.1.2 Other oral drugs

Ezetimibe, a cholesterol absorption inhibitor, is capable of selectively inhibiting the cholesterol
transport proteins on the brush border of the small intestinal mucosa, thereby reducing the absorption of
cholesterol in the intestine. Ezetimibe is usually used in combination with statins. A randomized, double-
blind, multicenter, Phase III study indicated that the fixed-dose combination therapy of low-intensity
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rosuvastatin (2.5 mg) and Ezetimibe (10 mg) showed greater reductions in low-density lipoprotein-C
(LDL-C), non-high-density lipoprotein, and apolipoprotein B (apoB) compared with monotherapy using
moderate-intensity rosuvastatin (5 mg) in patients with different characteristics [11].Probucol, an
antioxidant drug, can inhibit the occurrence and development of atherosclerosis and is especially suitable
for FH patients with obvious tendon xanthomas. Studies have pointed out that it enhances reverse
cholesterol transport by activating plasma cholesterol ester transfer protein and liver scavenger receptor
class B type I (SR-BI) [17, 18]. It has a synergistic effect with the lipid-lowering mechanism of statins,
enabling more effective reduction of blood lipids. Other drugs such as bile acid sequestrants (e.g.,
cholestyramine), niacin, and fibrates can all be used as supplementary treatments when the basic lipid-
lowering regimens do not achieve satisfactory results.

2.2.2 Injectable Medications
2.2.2.1 PCSK9 Inhibitors

In the realm of managing heterozygous familial hypercholesterolemia (HeFH), PCSK9 inhibitors,
with Alirocumab and Evolocumab being the commonly utilized representatives, have emerged as
significant therapeutic agents. Their mechanism of action primarily hinges on inhibiting the binding of
proprotein convertase subtilisin/kexin type 9 (PCSK9) to the low-density lipoprotein receptor (LDLR).
Through this inhibitory action, the quantity of receptors capable of clearing low-density lipoprotein in
the bloodstream is increased, consequently leading to a reduction in the levels of low-density lipoprotein
cholesterol within the body. The injection frequency of these drugs is typically once every two weeks.
Compared with drugs that need to be taken orally on daily basis, this regimen can enhance patient
compliance to a greater extent. Two studies have demonstrated that the application of PCSK?9 inhibitors
can result in a continuous and significant decline in the levels of low-density lipoprotein cholesterol in
55 - 60% of patients with HeFH, and the overall reported rate of adverse reactions is low [19, 20]. Another
meta-analysis has indicated that when PCSK9 inhibitors are added to the maximum tolerated statin
therapy, the low-density lipoprotein-C (LDL-C) in FH patients is decreased by approximately half
[21].Apart from their potent lipid-lowering effect, studies have also shown that PCSK9 inhibitors can
significantly alleviate the coronary plaque burden and stabilize plaques as observed through coronary
computed tomography angiography [22].Currently, PCSK9 inhibitors are a common treatment option for
adult heterozygous FH. Studies have also pointed out that they possess significant efficacy and safety in
children [23]. Therefore, despite the continuous emergence of new treatment drugs and approaches for
HeFH, PCSKD9 inhibitors remain the option chosen by most patients.

2.2.2.2 Small Interfering RNA

A novel lipid-lowering drug with high-precision targeting ability can specifically inhibit the
translation of proprotein convertase subtilisin/kexin type 9 (PCSK9) in the liver, thereby increasing the
number of low-density lipoprotein receptor (LDLR) in the body and reducing the level of low-density
lipoprotein in vivo. Similar to other PCSK?9 inhibitors, inclisiran not only reduces the level of low-density
lipoprotein cholesterol but also decreases the levels of total cholesterol, apolipoprotein B (Apo-B),
lipoprotein (a), and triglycerides, which consequently significantly reduces the risk of cardiovascular
events. Inclisiran has a long injection interval. After the initial injections on day 1 and day 90, it only
requires an injection once every six months, which can enhance patient compliance. Inclisiran
demonstrates excellent lipid-lowering efficacy with few adverse reactions. ORION-9, ORION-10, and
ORION-11 are double-blind, randomized, placebo-controlled trials focusing on inclisiran. The results
showed that subcutaneous injections of inclisiran once every six months could reduce the level of low-
density lipoprotein cholesterol by approximately 50%, and the overall adverse events were generally
similar between the inclisiran group and the placebo group [24, 25].Moreover, in another study with a
long-term follow-up of 3,274 patients, it was pointed out that inclisiran could continuously and
effectively reduce low-density lipoprotein-C, exhibiting long-term safety and tolerability [26].

2.3 Lipoprotein Apheresis

Lipoprotein apheresis is a method that selectively removes apolipoprotein B (ApoB)-containing
lipoproteins (including low-density lipoprotein (LDL), very low-density lipoprotein (VLDL), and
lipoprotein (a)) from plasma through physical techniques. It can not only rapidly reduce blood lipid levels
to those that are difficult to achieve with drug treatment but also effectively influence the body's
inflammatory response. Literature indicates that among all types of familial hypercholesterolemia (FH),
the targeted acute low-density lipoprotein-C reduction rates range from 55% to 70% [27].A study has
demonstrated that lipoprotein apheresis treatment is closely associated with significant decreases in total
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cholesterol and LDL-C, as well as reductions in biomarkers related to endothelial dysfunction and
inflammation (high-sensitivity C-reactive protein (hsCRP), monocyte chemoattractant protein-1 (MCP-
1), and soluble endothelin), not only after each procedure but also during a long-term follow-up of up to
15 years [28].However, the application of lipoprotein apheresis is rather limited in clinical practice. The
primary reason is its high treatment cost, which makes it unaffordable for most patients. Secondly, as an
invasive treatment measure, each treatment session lasts as long as 2 to 3 hours, thereby affecting patients'
quality of life in daily life. With the emergence of new lipid-lowering drugs, the number of patients
choosing lipoprotein apheresis to reduce blood lipid levels has decreased significantly. Nevertheless, for
patients with homozygous FH, severe heterozygous FH, and those who have not shown significant
improvement after using multiple lipid-lowering drugs, lipoprotein apheresis remains an effective
treatment option currently available.

2.4 Gene Therapy

Gene therapy represents a novel and effective strategy for permanently correcting the defective low-
density lipoprotein (LDL) gene [29]. There are two approaches in gene therapy, namely ex vivo and in
vivo methods. Ex vivo gene therapy mainly involves liver resection, hepatocyte isolation, exposing the
isolated hepatocytes to retroviruses carrying the functional low-density lipoprotein receptor (LDLR) in
vitro, and finally transferring the recombinant hepatocytes back to the liver. In vivo gene therapy, on the
other hand, utilizes viral vectors or non-viral vectors to directly deliver the normal LDLR gene into the
patient's body. A study has demonstrated that in vivo adeno-associated virus (AAV)-CRISPR/Cas9-
mediated correction of the LDLR gene can partially restore LDLR expression and effectively improve
the atherosclerotic phenotype in LDLR mutants [30]. Additionally, two other studies have pointed out
that the extracellular vesicles (EV)- or exosome-mediated low-density lipoprotein receptor (LDLR)
mRNA can effectively restore LDLR expression, which holds great potential for gene therapy [31, 32].
Gene therapy offers the possibility of curing familial hypercholesterolemia (FH). Currently, it has also
shown favorable results in animal experiments. However, gene therapy may induce alterations in non-
target genes. Therefore, the safety and efficacy for clinical application still need to be further verified.
At present, it has not yet become a standard treatment method for FH. With the continuous optimization
and improvement of gene therapy, it is expected to become one of the preferred treatment options for FH
patients in the future.

3. Conclusions

Heterozygous familial hypercholesterolemia (HeFH) represents a prevalent disorder characterized by
the impairment of low-density lipoprotein cholesterol metabolism. In severe scenarios, it may give rise
to disability or even pose a life-threatening situation. In recent years, the continuous advent of novel
drugs and therapeutic approaches has led to a remarkable enhancement in both the lipid-lowering efficacy
and patient compliance. Consequently, it becomes of utmost significance to heighten the level of
standardization and the prevalence rate of the diagnosis and treatment of HeFH. Early and standardized
interventional treatments have been demonstrated to effectively lower the levels of low-density
lipoprotein cholesterol among patients, retard the formation of atherosclerotic plaques, and mitigate the
occurrence of premature cardiovascular events. Such outcomes not only contribute to the amelioration
of patients' quality of life but also play a crucial role in alleviating the burden on society and families.
This highlights the necessity for healthcare professionals to focus on the timely diagnosis and appropriate
management of HeFH, ensuring that patients can benefit from the most effective and evidence-based
treatments available, thereby optimizing their long-term health outcomes and reducing the overall impact
on public health and social welfare.
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