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Familial Hypercholesterolemia and the Atherosclerotic Disease
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Familial hypercholesterolemia (FH) is associated with premature atherosclerotic cardiovascular diseases, and is inherited as an autosomal
dominant trait. The prevalence of heterozygous FH is one in five hundred people. Owing to dysfunctional low density lipoprotein (LDL) re-
ceptors due to genetic mutations, serum low density lipoprotein-cholesterol (LDL-C) levels are considerably increased from birth. FH is clini-
cally diagnosed by confirmation of family history and characteristic findings such as tendon xanthoma or xanthelasma. Thus, clinical con-
cern and suspicion are important for early diagnosis of the disease. Current guidelines recommend lowering LDL-C concentration to at
least 50% from baseline. Statins are shown to lower LDL-C levels with high safety, and thus, have been the drug of choice. However, it is
difficult to achieve an ideal level of LDL-C with a single statin therapy in the majority of FH patients. Alternatively, lipid lowering combina-
tion therapy with the recently-introduced ezetimibe has shown more encouraging results. (Korean Circ J 2013;43:363-367)
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Introduction;
Risk of Familial Hypercholesterolemia

Familial hypercholesterolemia (FH), which occurs in one in five hu-
ndred (0.29%) Caucasians, is developed by low density lipoprotein re-
ceptor (LDLR) gene variations. It is a relatively common genetic dise-
ase that induces a rise in low density lipoprotein-cholesterol (LDL-C)
and total cholesterol levels. However, this disease may easily be
overlooked clinically.”

According to the World Health Organization 1999 report, only fif-
teen percent of Canadians with this disorder were properly diagnos-
ed. Thirty percent of these patients expired at the time of the first
attack of myocardial infarction” Owing to the autosomal dominant
inheritance of this disease, half of their offspring are also affected.
Elevated serum cholesterol concentration which characterizes het-
erozygous FH leads to a greater than 50% risk of developing coro-
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nary heart disease in men by the age of 50 years and at least 30%
risk in women by the age of 60 years. Furthermore, the fact that there
is a high possibility of developing cardiovascular disease at young age
calls for active clinical concern and vigorous effort.”

The Characteristics of Familial Hypercholesterolemia

The pathophysiology of familial hypercholesterolemia

Familial hypercholesterolemia is an autosomal dominant genetic
disease, and the clinical manifestation can result from mutation in
either the LDLR gene, the APOB gene, or the PCSK9 gene. Among th-
ese, the most common genetic abnormality is the mutation in the
LDLR located on chromosome 19.”

Until now, more than one thousand mutations of the LDLR genes
have been reported. Based on the expression levels and the activi-
ties of LDLRs, cases of FH homozygotes can be divided into two gr-
oups. One is a 'receptor-negative' group with less than 2% activity
of LDLRs and another is a 'receptor-defective’ group with 2-259% ac-
tivity of LDLRs compared to that of unaffected subjects. In general,
an inverse relationship is observed between LDLR activity and serum
LDL-C level. In other words, lower activity of LDLRs implies less ef-
fective clearance of LDL particles. As a result, homozygous FH pa-
tients commonly demonstrate excessively high serum cholesterol le-
vels, as much as 3-6 times those of normal individuals (total chole-
sterol level is unusually 500 mg/dL or higher). On the other hand,
cases with heterozygotes inherited from only one parent would have
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2-3 higher cholesterol levels depending on the extent of genetic ab-
normality and the effect of environmental factors (total cholesterol
5)

level is usually 300 mg/dL or higher)

Familial hypercholesterolemia and cardiovascular disease

Homozygous FH patients manifest cardiovascular symptoms be-
fore they reach the age of ten. Their symptoms are atypical, and sud-
den death is common. Receptor-negative patients may not survive
over the age of twenty without proper treatment, while receptor-
defective patients are inflicted with clinically significant cardiovas-
cular disease before the age of thirty. Their serum cholesterol levels
and clinical courses are mostly determined by their genetic back-
ground.® The extent of mutation of LDLR genes is also a major fac-
tor that determines the natural course of heterozygous FH pati-
ents. However, uncontrolled risk factors for cardiovascular diseases
such as smoking, hypertension and diabetes mellitus increase the
risk considerably.” It was reported that the attack rate of myocar-
dial infarction in unidentified and untreated FH males and females
before the age of sixty was sixty percent and thirty percent or
greater, respectively.

Clinical features and diagnosis of familial
hypercholesterolemia

Homozygous FH patients occur very rarely, happening in one in
one million people. Most of these patients develop xanthoma be-
fore the age of ten. Unless proper treatment is undertaken as men-
tioned earlier, most patients expire from cardiovascular disease be-
fore reaching adolescence. Thus, in reality, it is not easy to change
the clinical course. Heterozygous FH patients occur in one in five-
hundred people. Therefore, it requires particular clinical attention.
Accurate statistics are not yet available in the Korean population.
An assumption was made that the occurrence rate may be less in
Korea than that of other countries. A total cholesterol level of 300
mg/dL or higher is typical in reported cases. Clinicians should be
suspicious of FH in the presence of severe hyperlipidemia, and sh-
ould verify the family history of hyperlipidemia and cardiovascular
disease. It was reported that the diagnostic specificity can be up to
98% using only family history and cholesterol level. For instance, a
male patient with a total cholesterol level of 290 mg/dL or higher
is enough to be suspicious of familial hyperlipidemia (Table 1). Mo-
reover, any patient with a cholesterol level of 240 mg/dL or higher
in the presence of familial hyperlipidemia or past medical history
of cardiovascular disease would have a high diagnostic possibility
of FH. In such case, causes of secondary hyperlipidemia, such as hy-
pothyroidism or nephritic syndrome, should be preferentially ex-
cluded.”

Tendon xanthoma occurs in three fourth of middle-aged patients
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Table 1. Total cholesterol and LDL-C (in parentheses) levels (mg/dL) that are
used to diagnose heterozygous FH with 98 percent specificity by demon-
strating high cholesterol levels in family members. The general population
column refers to levels in patients with no evaluable family members
(Williams RR, Hunt SC, Schumacher MC, et al. Am J Cardiol 1993;72:171-6)

Age Degree of relatedness to closest FH relative  General
group First Second Third population
Age <18 220 (155) 230 (165) 240 (170) 270 (200)
Age 20 240 (170) 250 (180) 260 (185) 290 (220)
Age 30 270 (190) 280 (200) 290 (210) 340 (240)
Age 40+ 290 (205) 300 (215) 310 (225) 360 (260)

Total cholesterol levels in mg/dL (LDL-C in parentheses) expected to diag-
nose heterozygous FH with 98% specificity. FH: familial hypercholesterol-
emia, First: parent, offspring, brothers and sisters, Second: aunts, uncles,
grandparents, nieces, nephews, Third: first cousins, siblings of grandparents,
LDL-C: low density lipoprotein-cholesterol

and is largely discovered in the Achilles tendon. It may also occur in
the extensor area of the dorsum of the hand, heel or the knee. Since
xanthoma may be manifested only to the extent of thickening of a
tendon, FH patients may be overlooked by clinicians without due
concern. Xanthelasma or early arcus cornealis may also be observ-
ed (Fig. 1).2

Several diagnostic criteria for heterozygous FH have been sug-
gested. One of them' is shown in Table 2. Familial hypercholester-
olemia should be considered in adults with a total cholesterol level
of 285 mg/dL or higher and clinically diagnosed based on the extent
of hyperlipidemia and family history of early cardiovascular disease.™
On the other hand, a patient with a past medical history of early
cardiovascular disease should undergo a screening test for his or
her family members. The criteria have a high specificity of 90% for
‘definitive’ diagnosis, but have a low sensitivity of only 35%. On the
contrary, the sensitivity for 'possible’ diagnosis was high at 900%,
while the specificity was low at 30%."? Definitive diagnosis, which
is possible by testing mutations of the related genes, is only avail-
able in certain laboratories. In addition, costs for definitive tests are
not undemanding. Thus, clinical concern and suspicion are important
in making the diagnosis of FH.

Current treatment of familial hypercholesterolemia

Several significant clinical trials have been carried out for pati-
ents with FH.' First, there is ASAP, “Atorvastatin vs. Simvastatin on
Atherosclerosis Progression”, as an interventional study using st-
atin. The ASAP study, which included 325 FH patients, compared a
high dose regimen of atorvastatin 80 mg with the conventional
dose regimen of simvastatin 40 mg.

The carotid intima media thickness (CIMT) was increased in the
simvastatin-administered group. On the other hand, the thickness
statistically significantly decreased in the atorvastatin-administer-
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Fig. 1. Physical signs of heterozygous familial hypercholesterolemia, as a result of cholesterol deposition within macrophages in specific sites. Tendinous
xanthomas, for example, manifests first as thickening of, and later as deposits within, extensor tendons. A: lateral borders of thickened Achilles’ tendons
are shown with arrows. B: tendinous xanthomas can also occur in the extensor tendons of the hands (shown), feet, eloows and knees. C: xanthelasmas are
cholesterol deposits in the eyelids. D: arcus cornealis results from cholesterol infiltration around the corneal rim (arrow) (Yuan G, Wang J, Hegele RA. CMAJ

2006;174:1124-9).%

ed group. The group administered with a high-dose of atorvastatin
showed a fifty percent decrease in LDL-C levels, while the group with
simvastatin administration revealed a forty percent reduction.

The Exetimibe and Simvastatin in Hypercholesterolemia enhances
atherosclerosis regression (ENHANCE) study in 2008 was a study in-
cluding 720 FH patients. It investigated the effect of a single simv-
astatin regimen and that of a combination therapy of simvastatin
and ezetimibe. The results showed reduced rates in LDL-C levels for
the single regimen group with simvastatin 80 mg and the group
with a combination therapy of simvastatin 80 mg and ezetimibe 10
mg were 41% and 58%, respectively. The group with the combina-
tion therapy showed further reduction of twenty-six percent in
high sensitivity-C-reactive protein. However, different from what
was anticipated, there were no differences in CIMT between these
two groups. As the ENHANCE study reported, it triggered many de-
bates regarding the utility of CMIT or the anti-atherosclerotic ef-
fect with respect to drug interventional studies for FH patients.

However, a few precautions should be taken when interpreting a
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comparative analysis of a failed ENHANCE study and a successful
ASAP study. In the ENHANCE study, about eighty percent of sub-
jects were administered statin before they were enrolled in the
study. Unexpectedly, the mean CIMT of these patients was 0.69 mm.
This value is within the normal level. This could be explained by the
effect of existing statin treatment. Administration of statin prior to
the study may already stabilize CIMT, and the carotid intima media
may take a normal form. In such cases, additional drug treatment
would not revert its progress. The mean CIMT of ASAP study sub-
jects, in whom the CIMT decrease was verified, was 0.925 mm. In
fact, a thicker CIMT before the study predicts more distinctive reduc-
tion of CIMT after drug intervention.

The ENHANCE study, in which changes of a surrogate marker,
CIMT, were observed, could not provide a clear-cut answer to the
additive effect of ezetimibe. The recently reported positive results of
the Study of Heart and Renal Protection shed light on the future of
ezetimibe. However, depending on the results from IMProved Re-
duction of Outcomes: Viytorin Efficacy International Trial, which will
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be reported in 2013, it will enter upon a new phase and definitively
change the situation. Until then, the principle of treatment for FH be
suggested as follows.

In cases where the target LDL-C level is difficult to achieve or a
high-dose statin treatment cannot be continued due to adverse re-
actions, a combination therapy with concurrent ezetimibe administr-
ation must be considered.

Table 2. UK Simon Broome familial hypercholesterolemia register diag-
nostic criteria (Scientific Steering Committee on behalf of the Simon
Broome Register Group. Atherosclerosis 1999;142:105-12)"

Definite familial hypercholesterolemia is defined as:

-Total cholesterol greater than 6.7 mmol/L or LDL-C greater than 4.0
mmol/L in a child aged younger than 16 years, or total cholesterol
greater than 7.5 mmol/L or LDL-C greater than 4.9 mmol/L in an adult
(levels either pretreatment or highest on treatment), plus;

-Tendon xanthomas in patient, or in first-degree relative (parent, sibling
or child), or in second-degree relative (grandparent, uncle or aunt), or;

-DNA-based evidence of an LDL receptor mutation, familial defective
apoB-100 or a PCSK9 mutation

Possible familial hypercholesterolemia is defined as:

-Total cholesterol greater than 6.7 mmol/L or LDL-C greater than 4.0
mmol/L in a child aged younger than 16 years or total cholesterol
greater than 7.5 mmol/L or LDL-C greater than 4.9 mmol/L in an adult
(levels either pretreatment or highest on treatment), and at least one of
the following:

-Family history of myocardial infarction: younger than 50 years of age
in second-degree relative or younger than 60 years of age in first-
degree relative or;

-Family history of raised total cholesterol: greater than 7.5 mmol/L in
adult first- or second-degree relative or greater than 6.7 mmol/L in
child or sibling aged younger than 16 years

LDL-C: low density lipoprotein-cholesterol
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Efficacy of ezetimibe in the treatment of familial
hypercholesterolemia

Unlike general hypercholesterolemia, FH is not easy to treat with
dietary management or statin therapy alone.'” Moreover, it is diffi-
cult to expect the increasing effect of its manifestation by statin.

In such circumstances, a more effective LDL-C lowering effect may
be attained by concurrent treatment with ezetimibe that has a dis-
tinct pharmacologic mechanism, through which cholesterol ab-
sorption is suppressed in the intestine. However, such drug treat-
ment is not sufficient for homozygous patients. Only about a thirty
percent drop in LDL-C level would be attained even with a combi-
nation therapy of high-dose statin and ezetimibe. Thus, LDL apher-
esis or liver transplantation can also be attempted.

Heterozygous hyperlipidemia patients may reduce their choleste-
rol levels by 10-15% through dietary adjustment. Although rare, a
high dose statin regimen may achieve the target level. However,
dose reduction may be required due to adverse reactions such as
myalgia. Therefore, a combined therapy with excellent cholesterol-
lowering effect and less adverse reactions should be considered.
By the same token, ezetimibe may be a first-rate adjunct pharma-
cologic agent. In reality, concurrent ezetimibe treatment along with
statin therapy in patients with FH may additionally reduce LDL-C
levels by 10-20% (Table 3).

Additional genetic background in familial
hypercholesterolemia; Lipid change by mutations
of PCSK9 genes

PCSK9 genes (Fig. 2) are largely involved in recycling of LDLRs.
PCSK9 is a serine protease synthesized in the liver and intestines.
Well-functioning PCSK9 proteins inhibit recycling of LDLRs, and LDL

Table 3. Primary hypercholesterolemia: change from baseline in calculated plasma LDL-C for ezetimibe alone and combined with statins or placebo
(highlights of prescribing information. Available at: http://www.msppharma.com/msppharma/documents/zetia-pi.pdf. Accessed Feb. 1, 2011)

AV sV PV LV

Placebo 0.20 (+49%) -0.08 (~1%) -0.03 (~1%) 0.00 (0%)

E -0.92 (-200%) -0.92 (-19%) -091 (-200%) -0.86 (~19%)
10mgS -1.76 (-37%) -1.25 (-27%) -0.96 (-21%) -0.94 (-200%)
E+10mg S -2.46 (-530%) -2.10 (-46%) -1.55 (~349%) -1.56 (-34%)
20mg’S 191 (-4290) -1.74 (-36%) -1.10 (-23%) -1.18 (-26%)
E+20mg S -2.59 (~549%) -2.16 (~46%) -1.82 (-400%) -1.87 (-41%)
40mgS -2.09 (-450%) -1.75 (-38%) -1.43 (-31%) -1.44 (-300%)
E+40 mg S -2.69 (-56%) -2.55 (~56%) -1.97 (-420%) -2.15 (~46%)
80mg S -2.57 (-54%) -2.11 (-45%)

E+80 mg S -2.93 (-61%) -2.64 (~58%)

Pooled data: All S -2.08 (-44%) -1.71 (-36%) -1.16 (~250%) -1.19 (-25%)

Pooled data: All E+S -2.67 (-56%)

-2.36 (-51%)

-1.78 (-39%) -1.86 (-40%)

Values represent mean absolute change (in mmol/L) from baseline and values in parenthesis represent mean percent change from baseline. LDL-C: low den-
sity lipoprotein-cholesterol, AV: atorvastatin, SV: simvastatin, PV: pravastatin, LV: lovastatin, E: ezetimibe, S: statin
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and management of dyslipidemia patients with family history in-
@ 2 cluding FH.
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