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Current challenges in the management of 
patients with familial hypercholesterolemia

Familial hypercholesterolemia (FH) is an inher-
ited disorder of lipid metabolism, very common 
in the clinical practice [1]. It causes high lev-
els of LDL cholesterol (LDL-C), which leads 
to premature coronary heart disease (CHD). 
Early analyses have indicated that approxi-
mately half of men with FH, if untreated, will 
have developed clinically evident CHD by the 
age of 55 years, and one-third of women by the 
age of 60 years [2,3]. Even though a decline has 
been observed in the mortality rate associated 
with FH in the last 30 years [4], more recent 
investigations demonstrated that the event-free 
survival rate in untreated FH patients remain 
low (approximately 40% during a 12-year fol-
low-up) [5], further confirming that this condi-
tion still carries a significantly increased risk of 
CHD. Despite FH being a life-threatening con-
dition, the vast majority of affected individu-
als remain undiagnosed or are only diagnosed 
after their first coronary event [6,7]. Although 
it has been reported that a significant reduc-
tion in mortality and morbidity in FH can be 
achieved through the use of statins [6], in many 
patients the current treatments fail to reach the 
lipid targets [8]. The overall consequence is that 
too many FH individuals still experience a high 
CHD risk. In this review, we will examine the 
current major challenges in the management of 
patients with FH and the ways in which clinical 

approaches to this severe metabolic disorder can 
be improved.

Diagnosing FH
It is known that the FH phenotype is caused 
by mutations within three genes (LDLR, APOB 
and PCSK9) all regulating the metabolism of 
LDL particles [9]. Among these, mutations in 
the LDLR gene are the most frequent [9]. The 
LDLR gene is located on chromosome 19p13.2 
and codes for a transmembrane glycoprotein 
that is expressed on the surface of most cells 
and is responsible for removing approximately 
two-thirds of LDL circulating in the plasma 
[1]. Therefore, defects in LDL receptor (LDLR) 
function are accompanied by slowed catabolism 
of LDL particles that results in the accumulation 
of LDL-C in the plasma [1].

FH is inherited as an autosomal dominant trait 
and appears early in life as two clinical forms: the 
heterozygous form (heFH), of which prevalence 
may range from 1:500 to 1:150 individuals in 
the general population [10], and the homozygous 
form (hoFH), which is rarer, being present in one 
in 1,000,000 individuals [1]. Typically, these two 
forms show distinct phenotypes, as plasma lev-
els of total cholesterol in heFH are between 300 
and 500 mg/dl, while those in hoFH are much 
higher (from 600 to 1200 mg/dl) [1]. However, 
hypercholesterolemia in FH is associated with a 
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high degree of variability in the age of onset and 
severity. Indeed, a proportion of children who are 
carriers of a mutation causing FH may present 
initially with lipid levels within the normal range 
and elevated levels may develop only at a later age 
[11]. In addition to high cholesterol, FH patients 
may show tendon xanthomata (e.g., small modu-
larity tendons of metacarpal–phalangeal joints), 
the presence of which must be considered as a 
pathognomonic sign of this disease [1]. Unfor-
tunately, tendon xanthomata are present in only 
30% of FH patients and, therefore, the lack of 
this sign does not certainly exclude the presence 
of FH.

From the above, we must recognize that there 
is no individual diagnostic test with sufficient 
specificity and sensitivity to reliably detect FH. 
Therefore, several international groups have 
developed diagnostic criteria based on a combi-
nation of clinical signs, family history and cho-
lesterol measurements [12–14,101,102]. Recently, the 
European Society of Cardiology and the Euro-
pean Atherosclerosis Society guidelines have pro-
posed criteria for the clinical diagnosis of heFH 
based on the Dutch point score system [15]. This 
score appears to perform better in the presence 
of tendon xanthomata [15]. Nevertheless, in most 
patients, a Dutch score above five gave an over-
all receiver-operating curve of 0.72 to correctly 
identify true FH [16].

Unfortunately, it has been reported that 
the simple use of clinical criteria to diagnose 
FH identifies only approximately 50–60% 
of affected individuals [17]. Due to the genetic 
nature of FH, the gold standard for making a 
definitive diagnosis should be the identification 
of the mutation in the LDLR gene. So far, more 
than 1000 different mutations have been found 
to cause FH [103]. They are of various types (mis-
sense, nonsense, small and large deletions or gene 
rearrangements) and located either in the cod-
ing (exons) or untranslated (introns) regions of 
the LDLR gene, including the promoter. Only a 
few mutations are found in seemingly unrelated 
families, but this probably occurs because of the 
‘founder effect’ seen in very specific geographic 
areas, such as South Africa, Quebec, Canada and 
Lebanon, where the prevalence of FH is >1% of 
the general population [18].

As mentioned above, in addition to the 
LDLR gene, other genes have been involved in 
causing a hypercholesterolemic syndrome that 
resembles FH. In particular, it has been shown 
that some FH patients carry a mutation in a 
gene called PCSK9 [19]. This gene, located on 

chromosome 1p32, is made up of 12 exons and 
encodes PCSK9, a protein of 692 amino acids. 
PCSK9 is mainly expressed in the liver and small 
intestine and has the ability to degrade the LDLR 
protein. Mutations leading to an increase in the 
proteolytic capacity (gain-of-function mutations) 
of PCSK9 cause accelerated destruction of LDLR 
and, therefore, a reduced availability of this pro-
tein on the cell surface [20]. As a consequence the 
catabolism of LDL is reduced and, thereby, an 
elevation of LDL‑C concentration, which is of 
the same magnitude of that in heFH, develops. 
In addition, mutations in the APOB gene, which 
codes for apoB, the ligand for LDLR, may cause 
FH by impairing LDL to LDLR binding [21]. It 
has been estimated that this condition, also called 
familial defective apoB, is present in approxi-
mately 6% of FH cases and is associated with bet-
ter drug responses and prognosis [21]. Overall, this 
gives FH an extreme variability from a molecu-
lar point of view. Nevertheless, in recent years, 
several methods have been developed for DNA-
based rapid mutation screening, even though all 
have drawbacks either with regard to use of toxic 
chemicals, radiolabeling, sensitivity or specificity. 
More recently, the widespread use of direct DNA 
sequencing techniques may definitively facilitate 
the genetic diagnosis of FH, providing a good 
rate of mutation detection (~70–80%) in a rela-
tively short time and at reasonable costs [22]. It 
has been suggested that the full sequencing of 
LDLR, APOB exon 26 and exon 7 of PCSK9 is 
a reasonable strategy for the genetic diagnosis of 
FH [23]. However, when the mutation is known 
for a proband, DNA tests in relatives will give 
an unequivocal result within 1–2 days, so that 
other family members can be diagnosed quickly 
and cheaply.

One question remaining is whether genetic 
screening should be universal or limited to few 
well-selected individuals. Based upon the fact 
that case finding among relatives of FH cases 
(cascade screening) appears to be the most cost-
effective strategy, while universal systematic 
screening the least cost-effective, several guid-
ance reports have recommended molecular test-
ing as a part of cascade screening [24–26,102]. In 
addition, it has been convincingly demonstrated 
that providing patients with a definite diagnosis 
of FH based upon genetic testing does not cause 
any adverse psychological consequences [27], but 
results in more patients being adequately treated. 
For example, it has been reported that 2 years 
after the molecular diagnosis of FH, the num-
ber of patients regularly taking lipid-lowering 
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medications increased by 50% [28]. Again, in 
361 mutation carriers, there was a further 14% 
reduction in LDL‑C levels 6 months after genetic 
testing and this was associated with a 53.0% 
reported change in drug therapy and the dou-
bling in the number of individuals with total 
cholesterol below 200 mg/dl [26].

Despite the availability of reliable diagnostic 
criteria for FH, several surveys have demonstrated 
that they are not fully implemented in general 
clinical practice. For example, in a registry study 
carried out in Oxfordshire (UK), the overall 
prevalence of FH ascertained by Simon Broom 
criteria was 0.54/1000, which was well below the 
expected prevalence of approximately 2/1000 [29]. 
This figure indicates that only approximately a 
quarter of predicted cases of FH were diagnosed 
routinely, while the vast majority remained undi-
agnosed (Figure 1). Moreover, the underdiagno-
ses were even greater among children and young 
adults: only two children aged under 10 years and 
12 aged 10–19 years were identified. Although 
the situation might have been improved since the 
year 2000, the underdiagnosis of FH remains a 
global challenge, with correct identification rang-
ing from less than 1% in Russia to 20% in The 
Netherlands and 44% in Iceland [6].

It is not known why patients with FH are often 
missed in primary care, but many seem to be 
diagnosed in middle age when family members 
present with CHD [29]. Although patients diag-
nosed with familial FH are instructed to contact 
their relatives, several studies have shown that 
this is not effective in practice [24]. The lack of 
national screening programs, the limited useful-
ness of clinical evaluation among children and 
young adults in whom clinical signs are rarely 
present and the low referral rate to specialists for 
cascade DNA testing all probably contribute. [30]. 
Despite all this, we have a duty to overcome these 
problems [31]. We need to implement in clinical 
practice the current guidelines for the manage-
ment of FH and also ensure our local primary care 
trusts understand the number of life-years that 
can be cost effectively saved by cascade screening 
for FH and, therefore, fund the screening and 
DNA-based diagnosis of first‑degree relatives of 
the index cases.

Reaching lipid goals in FH
Effective treatment is available to prevent early-
onset heart disease for individuals with FH. This 
comprises the use of statins to reduce LDL‑C 
levels combined with lifestyle changes, particu-
larly smoking cessation. It has been demonstrated 

that monotherapy with high dosages of power-
ful statins may produce up to 50% reduction of 
LDL‑C concentration in FH [32]. However, the 
benefit of these treatments on vascular outcomes 
has not been carefully determined as no random-
ized placebo-controlled clinical outcome trials of 
statin treatment have been conducted for ethical 
reasons. Nevertheless, useful information can 
be derived from large, long-term observational 
studies. For example, in a cohort study enroll-
ing 1707 asymptomatic FH patients receiving 
statin therapy [5], the risk of CHD was reduced 
by 76% (hazard ratio: 0.24; 95% CI: 0.18–0.30; 
p < 0.001) over a mean follow-up of 8.5 years. 
Notably, the risk of myocardial infarction in 
these statin-treated patients was not significantly 
greater than that in an age-matched sample from 
the general population. Again, in a registry study 
involving 3382 FH patients (aged <80 years) [33], 
the CHD standardized mortality ratios (com-
pared with the population in England and Wales) 
before and after 1 January 1992 (e.g., before and 
after the widespread use of statins) fell by 37% 
and this benefit was even greater in the younger 
groups (-76% in the 20–39-year-old age group). 
Primary prevention resulted in a 48% reduction 
in CHD mortality, with a smaller reduction 
of nearly 25% in patients with established dis-
ease. The coronary mortality was reduced more 
in women than in men. These data agree with 
findings from trials using carotid intima–medial 
thickness (IMT) as a surrogate cardiovascular 
outcome. In particular, the ASAP study, the 
largest randomized-controlled trial comparing 
the effect of 80 mg once daily (q.d.) atorvastatin 
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Figure 1. Age- and sex-specific prevalence of diagnosed cases of familial 
hypercholesterolemia among residents in Oxfordshire (UK). 
Data taken from [29].
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versus 40 mg q.d. of simvastatin on IMT changes, 
in 326 FH patients, demonstrated that the higher 
LDL‑C reduction achieved in the atorvastatin-
treated compared with the simvastatin-treated 
group (51 vs 41%) was associated after 2 years 
with a significant regression of carotid IMT 
(-0.031 vs +0.036 mm; p < 0.001) [34].

Largely based on extrapolation from surrogate 
outcome studies, all current guidelines strongly 
suggest treating FH aggressively and have indi-
cated as a therapeutic target in these patients a 
LDL‑C value of <100 mg/dl or, at least, 50% 
LDL‑C reduction [15]. The reaching of this 
LDL‑C target in FH is a challenge [35–37]. It 
becomes even more difficult (or impossible) if 
a heFH patient requires LDL‑C of <70 mg/dl 
due to the presence of overt CHD or additional 
risk factors (e.g., diabetes and hypertension), 
or in the presence of hoFH. The use of high 
dosage of high-potency statins may be a prac-
tical option. Indeed, it has been reported that 
employing rosuvastatin at the dosage of 80 mg 
q.d., the percentage of heFH individuals reach-
ing LDL‑C goals was significantly higher than 
that obtained with atorvastatin at 80 mg q.d. (58 
vs 44%; p < 0.001) [38]. The addition of other 
lipid-lowering compounds (especially ezetimibe, 
but also fibrates, and bile acid-binding resins) to 
high potency statins may be another possibility. 
For example, in a small trial involving 17 Japa-
nese patients with heFH, the coadministration 
of rosuvastatin (20 mg q.d.), ezetimibe (10 mg 
q.d.) and granulated colestimide (3.62 g q.d.) 
resulted in a LDL‑C reduction from an average of 
296.6 to 100.1 mg/dl (-66.2%; p < 0.001), with 
44% of patients achieving LDL‑C of <100 mg/dl 
[39]. Despite this potential, there are no data dem-
onstrating that either the addition of ezetimibe 
to high-dose statin [40] or any other combination 
is able to produce any further cardiovascular 
protection in FH.

An alternative treatment for severe refrac-
tory FH is represented by LDL apheresis. Sev-
eral methods are now available for performing 
this procedure, of which a detailed description 
is out of the scope of the present review (see [41] 
for more details). Despite some differences, all of 
them are able to lower LDL‑C and lipoprotein(a) 
efficiently and safely when performed weekly or 
bi-weekly. The benefit of LDL apheresis has been 
evaluated in seven angiographic studies involv-
ing FH patients (mainly heterozygotes), showing 
coronary artery disease (CAD). A recent analysis 
of their results in comparison with those obtained 
during dietary and drug trials indicated that FH 

patients treated with LDL apheresis showed less 
progression (18 vs 46%, and 33%) and more 
regression or no changes (82 vs 54%, and 67%) 
compared with those treated with other regimens 
[41]. Although the difference did not reach statis-
tical significance, these trends suggest that LDL 
apheresis plus drug therapy is just as or possibly 
more effective at reducing progression of CAD 
in FH than drug therapy alone. Fewer studies 
have explored the effectiveness of LDL apheresis 
at reducing cardiovascular events in FH patients. 
In a nonrandomized trial, 43 FH patients were 
allocated to treatment with LDL apheresis plus 
drugs and 87 received drug therapy [42]. Over a 
period of 6 years, LDL‑C decreased by 58% in the 
apheresis group and by 28% in the drug group. 
The incidence of coronary events during the trial 
was 70% lower in patients treated with LDL 
apheresis plus drugs than in those on drugs alone 
(p < 0.01). There is a large consensus that LDL 
apheresis should be the treatment of choice in all 
hoFH patients from the age of 7 years onwards 
unless their serum cholesterol can be reduced by 
>50%, and in heFH patients whose coronary dis-
ease progresses, as well as in those whose LDL‑C 
remains >200 mg/dl or is decreased by <40% 
with maximal drug therapy [41].

New cholesterol-lowering drugs in the 
management of FH
Several new cholesterol-lowering drugs under 
investigation might be proven to be useful in 
ameliorating FH treatment. These new com-
pounds can be classified into two groups: those 
aimed at reducing the liver production of VLDL 
and those aimed at further stimulating the 
availability of LDLR, mainly in the liver cells.

The rationale for the first approach relies on 
the fact that several in vivo lipoprotein turnover 
studies have demonstrated that the lack (or the 
reduced function) of LDLR not only causes an 
impaired receptor-dependent clearance of circu-
lating LDL, but is also associated with increased 
production of VLDL by the liver [43]. As VLDLs 
are the metabolic precursors of LDL, the inhi-
bition of VLDL synthesis and secretion might 
further help in reducing LDL‑C levels, par-
ticularly in those FH patients showing severely 
impaired (or absent) LDLR activity, such as in 
hoFH individuals. The major factor regulating 
VLDL assembly and secretion is the availability 
of apoB100, the typical apolipoprotein of LDL 
[44]. The inhibition of its synthesis has been dem-
onstrated to markedly reduce VLDL secretion 
by the liver [44].
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Mipomersen (ISIS 301012; Isis Pharmaceu-
ticals, CA, USA and Sanofi-Genzyme Pharma-
ceutical, MA, USA) is a 20-mer oligonucleotide 
(2 -́O-[2-methoxy]ethyl-modified oligonucle-
otide), a second-generation antisense oligonu-
cleotide, complementary to the coding region 
for human-specific apoB100 mRNA. It acts 
by binding to apoB100 mRNA, thus targeting 
it towards destruction [45]. This drug has been 
tested in a number of trials (Table 1). A total of 
51 hoFH patients on maximally tolerated lipid-
lowering therapy were treated with 200 mg/week 
of mipomersen or placebo. The mean percent-
age change in LDL‑C was significantly greater 
with mipomersen (-24.7%; 95% CI: -31.6 to 
-17.7) than with placebo (-3.3%; CI: -12.1 to 
5.5; p < 0.001) [46]. However, the response to 
mipomersen was highly variable, with some 
patients achieving a reduction in LDL‑C of 
50–80%, whereas others failed to respond. The 
most common adverse events associated with 
mipomersen use were injection-site reactions, 
resulting in two patients discontinuing therapy. 
A total of 12% (four out of 34) of patients in 
the mipomersen group, compared with none in 
the placebo group, had an increase in the con-
centrations of alanine aminotransferase (ALT; 
≥three-times the upper limit of normal [ULN]).

The safety and effects of this medication have 
also been evaluated in subjects with severe heFH. 
A randomized, double-blind, placebo-controlled, 
dose-escalation study involving 44 patients with 
heFH received conventional therapy at the 
maximum tolerated doses [47]. Patients were ran-
domized into four groups, with doses ranging 
from 50 to 300 mg/week during a 6-week treat-
ment period. Patients assigned to the 300‑mg 
dose continued for an additional 7 weeks with 
once-per-week dosing. After 6 weeks of treat-
ment, the LDL‑C level was reduced by 21% 
from baseline in the 200 mg/week dose group 
(p < 0.05) and 34% from baseline in the 300 mg/
week dose group (p < 0.01), with a concomitant 
reduction in apoB of 23% (p < 0.05) and 33% 
(p < 0.01), respectively. Injection-site reactions 
were the most common adverse event. Elevations 
in liver transaminase levels (>three-times ULN) 
occurred in four (11%) of 36 patients assigned 
to active treatment; three of these patients were 
in the highest dose group. The most recent study 
on mipomersen involved 124 heFH patients with 
CAD demonstrating LDL‑C of >100 mg/dl on 
the maximally tolerated statin dose [48]. They 
were randomized to a weekly subcutaneous 
dose of 200 mg mipomersen or placebo (2:1) for 

26 weeks. Of the randomized patients, 114 (41 
placebo, 73 mipomersen) completed the treat-
ment. Mean LDL‑C decreased significantly with 
mipomersen (-28.0%; 95% CI: -34.0 to -22.1%) 
compared with a 5.2% (95% CI: -0.5 to 10.9%) 
increase with placebo; p < 0.001). Mipomersen 
significantly reduced apoB (-26.3%), total cho-
lesterol (-19.4%), and lipoprotein(a) (-21.1%) 
compared with placebo (all p  <  0.001). Five 
mipomersen patients (6%) had two consecu-
tive ALT values of >three-times ULN, at least 
7 days apart. Hepatic fat content increased by a 
median of 4.9% with mipomersen versus 0.4% 
with placebo (p < 0.001) [48].

The potential impact of mipomersen on intra-
hepatic triglyceride (IHTG) content in FH has 
been specifically evaluated in a randomized, 
double-blind, placebo-controlled study [49]. A 
total of 21 patients with heFH received a weekly 
subcutaneous dose of 200 mg mipomersen or 
placebo for 13  weeks, while continuing con-
ventional lipid-lowering therapy. The change in 
IHTG content from week 0 to 15 was measured 
by proton magnetic resonance spectroscopy. As 
expected, mipomersen administration showed 
a significant cholesterol-lowering effect as after 
13 weeks LDL‑C was reduced by 22.0% and 
apoB by 19.9% (both p < 0.01). A nonstatisti-
cally significant trend towards an increase in 
IHTG content was seen in mipomersen-treated 
FH patients (placebo: baseline: 1.2% and 
week 15: 1.1%, change -0.1 [standard deviation: 
0.9]; mipomersen: baseline: 1.2% and week 15: 
2.1%, change 0.8 [standard deviation: 1.7]; 
p = 0.0513). However, only one patient devel-
oped a mild steatosis (IHTG above 5.6%) and 
none showed clinically significant increases in 
ALT (>three-times ULN) or other measures of 
liver function. However, the relatively short-term 
duration of this trial precludes the possibility of 
any definitive conclusion about this potential side 
effect of inhibition of apoB synthesis.

Another way to inhibit VLDL synthesis is to 
reduce the incorporation of lipids into nascent 
VLDL lipoprotein; a good target could be MTP, 
which, within liver cells, couples triglycerides to 
the lipid-poor apoB100, allowing the formation 
of nascent lipoprotein [50]. Lomitapide (AEGR-
733, Aegerion Pharmaceuticals, Inc., MA, USA) 
is a MTP inhibitor, which has been demonstrated 
to be able to block VLDL lipoprotein assembly 
and secretion in the liver (Table 1). In the first 
Phase II trial, lomitapide was employed in the 
treatment of six hoFH patients at four different 
dose regimens (0.03, 0.1, 0.3 and 1.0 mg/kg of 
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Table 1. Summary of LDL cholesterol-lowering effects of new drugs in patients with familial 
hypercholesterolemia.

Study Patient 
population

Duration Dosage Baseline LDL-C 
(mg/dl)

LDL-C 
(% change)

Major side effects Ref.

Mipomersen

Raal et al. 
(2010)

hoFH (n = 51) 26 weeks Placebo 401.4 ± 142.8 -3.3 Injection-site reactions, 
12% increase of ALT

[46]

200 mg/week 440.0 ± 139.0 -25

Akdim et al. 
(2010)

heFH (n = 44) 6 weeks Placebo 170.6 ± 46.3 0 Injection-site reactions, 
17% increase of liver 
transaminases†

[47]

50 mg/week 206.5 ± 77.2 -13

100 mg/week 173.7 ± 38.6 -11

200 mg/week 163.7 ± 30.9 -21

300 mg/week 173.7 ± 34.7 -34

Visser et al. 
(2010)

heFH (n = 21) 13 weeks Placebo 155 ± 31 1.0 Injection-site reactions, flu-like 
illness, 10% with mild steatosis

[49]

200 mg/week 155 ± 37 -22

Stein et al. 
(2012)

heFH 
(n = 124)

26 weeks Placebo 142.8 5 6% of patients with mipomersen 
had ALT increase; hepatic fat 
content increased by 4.9% with 
mipomersen vs 0.4% with placebo

[48]

200 mg/week 152.8 -28

Tardif et al. 
(abstract; 
2011)

Severe heFH 
(n = 58)

26 weeks Placebo 248.6 13 [78]

200 mg/week 275.6 -36

Lomitapide

Cuchel et al. 
(2007)

hoFH (n = 6) 4 weeks 1 mg/kg/day 614.1 -50.9 Increased stool frequency, 
60% increase liver transaminase†, 
hepatic steatosis

[51]

Cuchel et al. 
(2013)

hoFH (n = 29) 26 weeks 40 mg/day
(median dose)

335.8 ± 111.9 -50.0 Gastrointestinal symptoms, 
34% increase in liver transaminase†, 
increase in hepatic fat (from 
1 to 8%)

[52]

PCSK9 inhibitors

Stein et al. 
(2012)

heFH (n = 21) 57 days Placebo 133.2 ± 20.7 13% increase in CPK (>three-times 
ULN) but also in those taking 
atorvastatin

[55]

50 mg/every 
3 weeks

125.0 ± 12.1 -31.4

100 mg/every 
3 weeks

135.8 ± 41.1 -57.6

150 mg/every 
3 weeks

140.2 ± 26.2 -55.7

Stein et al. 
(2012)

heFH (n = 77) 12 weeks Placebo 150.0 ± 34.0 -10.6 Injection-site reactions, infections, 
gastrointestinal disorders; no 
changes in liver or muscle enzymes

 [56]

150 mg/every 
4 weeks

166.7 ± 50.2 -28.9

200 mg/every 
4 weeks

169.8 ± 56.7 -31.5

300 mg/every 
4 weeks

139.7 ± 24.7 -42.5

150 mg/every 
2 weeks

147.1 ± 32.4 -67.9

Raal et al. heFH 
(n = 167)

12 weeks Placebo 162.1 ± 42.5 1.1 Injection site pain, skin burning, 
headache, 3% increase CPK 
(>five-times ULN) and 1.8% 
increase in liver enzymes 

[57]

350 mg/every 
4 weeks

158.3 ± 46.3 -42.7

420 mg/every 
4 weeks

150.5 ± 34.7 -55.2

†Increase of liver transaminases indicates >three-times ULN. 
ALT: Alanine aminotransferase; CPK: Creatine phosphokinase; heFH: Heterozygous familial hypercholesterolemia; hoFH: Homozygous familial hypercholesterolemia; 
LDL-C: LDL cholesterol; ULN: Upper limit of normal.
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bodyweight per day). It has been observed that 
the highest dose (1.0 mg/kg) reduced LDL‑C lev-
els and apoB levels by 50.9 and 55.6%, respec-
tively, from baseline, after 4 weeks of treatment 
(p < 0.001 for both comparisons) [51]. Adverse 
events included elevation of liver aminotransfer-
ase levels and gastrointestinal side effects, par-
ticularly increased stool frequency and marked 
accumulation of hepatic fat, which at the highest 
dose ranged from <10 to >40%.

In a more recent, single-arm, open-label, 
Phase III trial in hoFH, lomitapide was admin-
istered to 29 patients (aged >18 years) at a dosage 
increasing from 5 mg to a maximum of 60 mg 
q.d. on the basis of safety and tolerability [52]. 
Although the primary end point of this trial was 
the mean percentage change in LDL‑C levels 
from baseline to week 26, patients remained on 
lomitapide through to week 78 for the safety 
assessment. A total of 23  enrolled patients 
completed both the efficacy phase and the full 
study. At the end of 26 weeks of treatment, the 
median dose of lomitapide was 40 mg q.d. and 
LDL‑C was reduced by 50% (95% CI: -62 to 
-39; p < 0.0001); plasma levels of LDL‑C were 
<100 mg/dl in eight patients (35%). A slightly 
decreased lowering effect was seen over time as 
LDL‑C remained reduced by 44% (95% CI: -57 
to -31; p < 0.0001) at week 58 and 38% (-52 to 
-24; p < 0.0001) at week 78. Although gastroin-
testinal symptoms were the most common side 
effects, no patients discontinued the treatment 
because of liver abnormalities. Four patients 
(15%) had aminotransferase levels of >five-times 
ULN, but this resolved after dose reduction or 
temporary interruption of lomitapide. In this 
trial, no data on change in liver fat content were 
reported.

Other potential therapies to further reduce 
LDL‑C in FH include PCSK9 inhibitors. As 
indicated above, PCSK9 is a serine protease that 
binds to the LDLR, promoting its degradation, 
thereby regulating LDL metabolism. The action 
of these drugs is to block the function of wild-
type PCSK9, thus allowing more LDLR proteins 
available to remove circulating LDL particles. 
Preliminary results of PCSK9 inhibitors (anti-
sense and monoclonal antibodies) in nonhuman 
primates demonstrate 50–70% reductions in 
circulating LDL that were transient with the 
antibody inhibitor [53,54].

Recently, a number of trials evaluating the 
potential benefit of two different PSCK9 inhibi-
tors in the treatment of FH have been published 
(Table 1). In the first small study, the efficacy and 

safety of the anti-PCSK9 monoclonal antibody 
REGN727 (Regeneron, NY, USA) was tested 
in a small group of 21 patients with heFH who 
were receiving atorvastatin (baseline LDL‑C of 
>100 mg/dl) [55]. REGN727 at doses of 50, 100 
or 150 mg were administered subcutaneously on 
days 1, 29 and 43. At baseline, LDL‑C concen-
trations ranged from 125 to 140 mg/dl in the 
different dosing groups. On day 57, the doses of 
50, 100 and 150 mg reduced measured LDL-C 
levels to 80.6, 60.0 and 65.4 mg/dl, respectively, 
for a difference in the change from baseline of 
-41.4, -57.6 and -55.7%, respectively, compared 
with placebo (p < 0.001 for all comparisons). 
Stein et  al. assessed the REGN727 inhibitor 
in a larger, multicenter, randomized, placebo-
controlled Phase II trial [56]. A total of 77 heFH 
patients presenting with LDL‑C of >100 mg/dl 
during statin and/or ezetimibe treatment were 
randomly assigned to receive REGN727 150, 
200 or 300  mg every 4  weeks, or 150  mg 
every 2 weeks, or placebo every 2 weeks (ratio 
1:1:1:1:1). Randomization was stratified by con-
comitant use of ezetimibe at baseline. LDL‑C 
reduction from baseline to week 12 was 28.9% 
for 150 mg every 4 weeks (p = 0.0113), 31.5% for 
200 mg every 4 weeks (p = 0.0035), 42.5% for 
300 mg every 4 weeks (p < 0.0001) and 67.9% 
for 150 mg every 2 weeks (p < 0.0001), compared 
with 10.6% for placebo. One serious adverse 
event was reported with placebo and none with 
REGN727. No increases of >three-times ULN 
were reported for hepatic transaminases or cre-
atine kinase. The most common adverse event 
was a 13% increase in creatine phosphokinase 
with one patient in the 300-mg REGN727 
group terminating treatment.

A Phase II, multicenter, double-blind, ran-
domized, placebo-controlled, dose-ranging study 
evaluated the efficacy and safety of AMG 145 
(Amgen, CA, USA), another human mono
clonal antibody against PCSK9 in heFH patients 
[57]. Patients diagnosed by Simon Broome crite-
ria were selected on the basis of having LDL‑C 
≥100 mg/dl despite statin therapy with or with-
out ezetimibe. A total of 168 were randomized 
(1:1:1) to receive 350 or 420 mg of AMG 145, 
or placebo, subcutaneously every 4 weeks. After 
12 weeks of treatment, LDL‑C reduction was 
43 and 55% with AMG 145 350 and 420 mg, 
respectively, compared with a 1% increase with 
placebo (p < 0.001 for both dose groups). Most 
(95%) patients on AMG 145 experienced reduc-
tions in LDL‑C of at least 15% and 52% had 
reductions of 50% or more. Four patients in 
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the AMG 145 350-mg group and one patient 
in the 420-mg group were considered poor 
responders based on <15% reduction in LDL‑C 
at week 12. The three most common treatment-
related adverse events for AMG 145 (350 mg, 
420 mg and placebo) were injection-site pain 
(7.3%; 3.6%; 1.8%), headache (5.5%; 1.8%; 
0.0%) and skin burning sensation (1.8%, 3.6%; 
0.0%). Three patients (one AMG 145 350 mg, 
one AMG 145 420 mg and one placebo) experi-
enced adverse events that led to the discontinu-
ation of treatment. Three patients experienced 
creatine phosphokinase (>five-times ULN) and 
two patients transaminase (>three-times ULN) 
elevation.

The results reported above clearly indicate 
that, in patients with established FH, strategies 
aimed at inhibiting VLDL synthesis or at block-
ing PCSK9 have the potential to increase the fall 
in LDL‑C by more than 50% when prescribed in 
combination with standard lipid-lowering drugs. 
Although the inhibition of PCSK9 appears to 
have minimal adverse events and good toler-
ability, no long-term safety data are reported; 
moreover, concern still exists regarding the 
potential long-term consequences of increased 
liver fat in association with mipomersen or lomi-
tapide treatment. In addition, the significance of 
patients’ discomfort due to injection-site reac-
tions or the possibility of developing neutralizing 
antibodies during treatment remain aspects that 
need to be carefully evaluated in future larger 
trials. Finally, a more accurate definition of those 
patients who might benefit most from these new 
drugs (hoFH, resistant heFH or FH individuals 
with concomitant CHD) still remains an open 
question. Nevertheless, the future years appear 
very promising in offering new therapeutic 
approaches aimed at improving lipid control in 
FH patients.

Treating FH in children & during 
pregnancy
As FH starts early in life and is associated with 
a dramatically increased risk of CHD in the 
young, a reasonable approach should be to treat 
FH as soon as possible, even during childhood. 
However, the treatment of FH children with 
statins is still a challenge. Several trials have 
been carried out in children and all definitively 
demonstrated that statin therapy effectively 
lowered LDL‑C levels in FH children, and 
LDL‑C levels were reduced by approximately 
30% (ranging from 23 to 50%) [58,59]. Impor-
tantly, statin therapy was not associated with 

clinically significant changes in measures of 
growth or maturation, liver enzymes, serum cre-
atine kinase or incidence of myopathy. However, 
when treating children pharmacologically, par-
ticularly when the treatment regards a life-long 
condition such as FH, considerations must be 
made about potential long-term side effects. As 
the durations of controlled statin trials involv-
ing FH children have been rather short, lasting 
a maximum of approximately 2 years, it was 
not possible to make any definite statements 
regarding the safety of long-term statin treat-
ment in FH children. In an uncontrolled study, 
which is actually the longest follow-up study 
of FH children on statin therapy, 186 children 
(aged 8–18 years) were treated with pravastatin 
for an average of 4.5 years (2.1–7.4 years) and no 
serious adverse events were reported [60].

Due to the lack of sound clinical evidence, 
opinions regarding the age at which statin 
therapy should be initiated in FH children vary 
(Table 2). However, with little differences, many 
agree that the ages of 8–10 years is a reasonable 
time to decide starting pharmacological therapy 
in these children [61–66,104,105]. Are there sources 
of scientific evidence to support these recom-
mendations? In trying to answer this difficult 
question, it might be relevant to identify at what 
age the accumulation of LDL particles start to 
produce significant and premature vascular 
changes in children with FH. The only way to 
approach this problem is to use surrogate mark-
ers of atherosclerosis, such as the thickening of 
the carotid IMT. This measure can be obtained 
accurately in children and changes over time can 
be monitored [67]. Studies from The Netherlands 
have shown clearly that the carotid IMT of FH 
children aged 8–19 years was significantly greater 
than in their unaffected siblings [68], strongly 
suggesting that the actual atherosclerotic disease 
process must be already ongoing at an early age. 
It is well known that atherosclerotic complica-
tions due to FH are strongly related to duration 
of exposure to increased LDL‑C, the so-called 
‘LDL‑C burden’, which can be calculated by the 
sum of LDL‑C levels multiplied by the years of 
age [69]. In a very recent position paper about 
statin treatment in FH children, it has been esti-
mated that a non-FH adult may show a LDL‑C 
burden of 6.17 g by the age of 55 years, while 
the same LDL‑C burden can be reached by the 
age of 35 years in untreated FH patients [70]. If 
the patient is treated since the age of 18 years, 
this exposure level will be delayed to the age of 
48 years and it will be further delayed to the age 
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of 53 years if the patient has been treated since 
the age of 10 years. 

Although these calculations make some 
assumptions that can produce an underestimate 
of the actual LDL‑C-related risk (e.g., children 
with more severe heFH may have higher LDL‑C 
exposure or FH children with family history 
of CHD might be more prone to developing 
atherosclerosis), they may represent a rationale 
for suggesting the initiation of statin therapy in 
FH children within the 8–10 years age range. 
This approach can be further supported by the 
results of placebo-controlled trials that demon-
strated that the use of statins in children with 
FH significantly reduces progression to thicker 
carotid IMT over 2 years compared with non-
treated children with FH [71], again proving the 
clinical utility of early commencement of statins 
in children with FH.

Based on this reasoning, we fully agree that in 
deciding to prescribe statins to a FH child [70], 
clinicians should consider the following: there 
is no rationale for starting statin therapy in FH 
children before the age of 8 years; statin treat-
ment should be started by the age of 10 years 
unless important contraindications are present 
(e.g., other severe disease or risk of myopathy); 
and statin treatment could be delayed only if the 
disease phenotype is mild (i.e., serum LDL‑C 
level is below 150 mg/day after dietary inter-
vention and no severe family history or several 
additional CAD risk factors are present).

There is no doubt that the battle against FH 
will rely most on the early treatment of this con-
dition. We hope that future long-term follow-up 
studies in children will show the advantages, 
as well as highlight any possible long-term 
side effects, of early-onset long-duration statin 
treatment. This will generate information that 

can be useful in the development of effective 
programs for managing FH children in clini-
cal practice. 

Physicians are faced with a treatment 
dilemma if a FH female presents either with an 
established pregnancy or a wish for pregnancy, 
since all systemically absorbed lipid-lowering 
medication are contraindicated during preg-
nancy in order to avoid potential teratogenic 
effects in the unborn child [72]. In considering 
this challenge, several aspects have to be con-
sidered. It is known that in normal women, 
pregnancy is associated with a 30–50% increase 
of LDL‑C as a result of enhanced cholesterol 
synthesis in the liver. Unfortunately, few studies 
have investigated the changes in LDL‑C during 
pregnancy in FH women. A Scandinavian group 
analyzed lipid profiles between week 17 and 36 
of gestation in 22 FH patients in comparison 
with 149 normocholesterolemic individuals [73]. 
Although the percent increase in cholesterol lev-
els was equal between the two groups, the abso-
lute increase (LDL‑C: 73.5 vs 31 mg/dl, respec-
tively) was more pronounced in the FH group 
due to elevated levels at baseline. It is unknown 
whether such an increase in cholesterol levels 
during pregnancy will lead to enhanced ath-
erosclerosis for the FH mother. Nevertheless, 
taking into account that in a pregnant FH 
women, the total ‘unprotected’ period should 
consist of at least 12–15 months and that the 
achieved cholesterol levels exceed approximately 
threefold the physiological range, the growth 
of an atheroma is not unlikely. There are no 
reports indicating lipotoxicity of high maternal 
cholesterol levels for the fetus, but it is has been 
suggested that maternal hypercholesterolemia 
could induce increased cardiovascular risk for 
offspring [74–76].

Table 2. Summary of current recommendations for treating familial hypercholesterolemia children with statins.

Guidelines Recommendations Ref.

NICE and Scottish Intercollegiate Guidelines 
Network

Use statins from the age of 10 to 12 years [104,105]

National Lipid Association Expert Panel Consider statins over 8 years of age [61]

American Academy of Pediatrics Use statins over 8 years of age if LDL cholesterol is >190 mg/dl [62]

Avis et al.  Consider statin therapy from the age of 8 years [63]

Australasian Guidelines Consider statin therapy after the age of 10 years also considering the presence 
of other risk factors; evaluate the familial cardiovascular risk

 [64]

Belgian Consensus Panel Consider statin therapy at the age of 10–14 years if LDL cholesterol is 
>150 mg/dl despite diet and if other risk factors are present; between the age 
of 14–18 years eventually increase dosages to achieve LDL cholesterol of 
<130 mg/dl

[65]

American Heart Association Atherosclerosis, 
Hypertension and Obesity Youth Committee

Consider statins after 10 years of age; in girls after the onset of menses [66]
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All together these considerations prompted 
the development of a strategy to manage FH 
women of childbearing age or during pregnancy 
mainly based on the primum non nocere prin-
ciple [76]. In short, even though available reports 
in humans do not show adverse safety signals, 
when lipid-lowering medication is first consid-
ered for females of childbearing age, the risks to 
the pregnancy and the fetus should be carefully 
discussed. Women wishing to become pregnant 
should be advised to stop use of statins 3 months 
prior to attempting to conceive. In the case in 
which a drug treatment is necessary, one option 
could be to use bile acid resins or other poorly 
absorbable drugs (e.g., colestyramine and cole-
sevelam). Although FH women who experience 
an unplanned pregnancy while taking statins 
should be reassured that the chance of an adverse 
pregnancy outcome is minor [77], they must be 
advised to stop treatment immediately and be 
referred to an obstetrician for fetal assessment.

In light of the lack of evidence-based support 
for much of this advice, teratogenicity of statins 
and other lipid-lowering medications should be 
further investigated. In addition, large follow-
up studies are needed to determine the effect 
of hypercholesterolemia during pregnancy on 
CVD risk for FH women, as well as for their 
offspring.

Conclusion
Several years of clinical and genetic investiga-
tions provided reliable diagnostic criteria for FH. 
Unfortunately, these criteria are not fully imple-
mented in routine clinical practice and many 
FH patients still receive diagnosis only after an 
ischemic event. The lack of national screening 
programs, the limited usefulness of clinical evalu-
ation among children and young adults and the 
low referral rate to specialists for cascade DNA 
testing all probably contribute to this limitation. 
The treatment of FH using currently available 
drugs is still a challenge due to the fact that in 
some patients it is very difficult to reach the 
lipid targets. The identification of new targets 
to control LDL levels and the development of 
appropriate drugs might allow overcoming these 
difficulties. Despite uncertainties on pharmaco-
logical therapy in FH children, there is rationale 
for proposing statin treatments after the age of 
8 years, unless the disease phenotype is very mild 
and no additional risk factors are present. It is 
conceivable not to use statins during pregnancy 
or lactation  in FH women. However, those who 
experienced an unplanned pregnancy while tak-
ing stains should be reassured about the risk of 
adverse pregnancy outcomes. Alternative drugs 
should be used during pregnancy in these patients 
to reduce the time of exposure to very high LDL. 

Executive summary

Diagnosis of familial hypercholesterolemia

�� Familial hypercholesterolemia (FH) is a common, life-threatening genetic disorder of lipid metabolism. It is genetically heterogeneous as 
the underlying molecular defect can be detected in one of three genes (LDLR, APOB and PCSK9).

�� FH is characterized by marked elevation of LDL cholesterol (LDL‑C) caused by delayed clearance of circulating LDL particles.

�� There is no single clinical criterion to make an unequivocal diagnosis of FH, but the combination of measurements of LDL‑C, 
identification of family history of hypercholesterolemia and recognition of the presence of tendon xanthomata allow the diagnosis of 
FH in most of patients.

�� The sequencing of the entire LDLR gene, of exon 26 of APOB gene and of exon 7 of PCSK9 is the suggested strategy for genetic testing 
in suspected FH. With this method, up to 80% of cases can be accurately diagnosed. When the mutation is known for the proband, 
other family members can be genotyped quickly and cheaply.

�� The implementation of cascade screening within affected families, as well as the promotion of national screening programs, might help 
to reduce the number of undiagnosed FH individuals within the population.

Treatment of FH

�� Statins are effective in lowering LDL‑C and cardiovascular risk in FH. All current guidelines strongly suggest treating FH aggressively and 
have indicated a therapeutic target in these patients of LDL‑C levels of <100 mg/dl or, at least, a 50% LDL‑C reduction. 

�� Stains alone or in combination allow the attainment of therapeutic goals in only 40–60% of FH patients. The new lipid-lowering 
agents (blockers of apoB synthesis or PCSK9 inhibitors) hold promise as an adjunct therapy in patients with resistant FH. However, the 
long-term efficacy and safety of these drugs need to be further demonstrated.

FH in children & during pregnancy

�� There is evidence that an early therapeutic intervention significantly improves outcomes in FH patients. There is a general consensus 
that ages 8–10 years is a reasonable time to start pharmacological therapy in these children.

�� Although it is safe to stop statins during pregnancy and lactation, FH women who experience an unplanned pregnancy while taking 
statins should be reassured that the chance of an adverse pregnancy outcome is minor. 

�� If necessary, the use of bile acid resins is a therapeutic option during pregnancy or lactation.
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