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Achilles tendon after its rupture. Palpebral xanthoma
is not diagnostically valuable because it is observed in
many persons without FH.

Corneal Arcus

Corneal arcus is also characteristic of FH, as
shown in Fig.3, and its prevalence is approximately
30% in FH. Senile arcus is observed in most people
aged over 60, but the border of corneal arcus is clearer,
making it distinguishable. Corneal arcus in those who
are under 50 is diagnostically valuable in clinical prac-
tice.

Coronary Atherosclerosis

FH should be suspected in premature CAD
patients with high LDL-C. Hyper-LDL cholesterol-
emia deteriorates coronary atherosclerosis, and the
absence of treatment leads to cardiac death in approxi-
mately 60% of patients with heterozygous FH. Some
previous studies also indicated the association of
hyper-LDL cholesterolemia with cerebrovascular dis-
order, but the incidence is approximately 5 to 10% in
heterozygous FH* ©. In males, the incidence of myo-
cardial infarction increases linearly after the age of 30.
On the other hand, myocardial infarction is not very
common in females under the age of 49. There is
therefore a marked gender difference, as shown in

Fig.4.
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Epidemiology

Diagnosis of FH is not definitive for most het-
erozygous FH; therefore, the incidence of heterozy-
gous FH is estimated as 1/500 persons (general popu-
lation) using the Hardy-Weinberg equilibrium for-
mula, as the incidence of homozygous FH with marked
clinical features is approximately 1/1,000,0007; how-
ever, no nationwide survey has been carried out to
investigate the accurate incidence of heterozygous FH
in Japanese. On the other hand, recent advances in
genetic diagnostic techniques have made possible to
make a definitive diagnosis in more homozygous FH
patients. Mabuchi ez /. reported that LDL-receptor
mutations are more frequent and consequently the inci-
dence of heterozygous FH was estimated to be approx-
imately 1/200 in the Hokuriku area, based on the
incidence of homozygous FH®. It is still unclear whether
this is a region-specific phenomenon, such as seen in
Quebec, Lebanon and South Africa, and there are no
evident grounds to extrapolate these data to nation-
wide prevalence; therefore, it is not irrational to regard
the nationwide FH incidence as 1/500. Nevertheless,
FH is not a rare disease, and FH patients may com-
prise approximately 8.5% of hyper-LDL cholesterol-

emia patients receiving treatment”.

Causative Genes
The diagnosis of FH is definitive when muta-
tions of the genes involved in LDL metabolism are
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Fig.5. Achilles tendon thickening in FH patients.

confirmed, such as LDL receptors, in addition to
hyper-LDL cholesterolemia; however, institutions
where genetic diagnosis is available are limited. When
a genetic diagnosis of FH is made for a primary
patient, the diagnosis in his/her family can be defini-
tive.

Besides the LDL receptor, it is known that muta-
tions in the genes for apolipoprotein B-100 (Apo
B-100), and proprotein convertase subtilisin/kexin
type 9 (PCSK9) cause FH!® '), These molecules play
an important role in LDL metabolism. The mutations
of causative genes can be confirmed in 60 to 80% of
clinically diagnosed heterozygous FH patients.

LDL Receptors

In the majority of FH patients, the causative
mutation is in the LDL receptor gene. A number of
mutation sites have been identified in this gene to
cause FH; more than 1,000 sites of mutations world-
wide (htep://www.ucl.ac.uk/fh/) and some 100 sites in
Japan®.

Apolipoprotein B-100

Mutations in the apoB gene, a ligand of the LDL
receptor, are termed familial defective apolipoprotein
B-100 (FDB). The incidence of these mutations is rel-
atively high in Caucasians in Europe and the United
States but low in other races. An increase in the serum
lipid level is relatively mild in comparison with LDL
receptor mutations. No patient has been reported in

Japan.

PCSK9
PCSK9 is a plasma protein that facilitates turn-
over of the LDL receptor. Gain-of-function mutation
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Fig.6. Radiography of the Achilles tendon. The measurement
site of the Achilles tendon is indicated by arrows.

of PCSK9 therefore decreases the number of LDL
receptors, causing hyper-LDL cholesterolemia. These
mutations may not always induce marked hyper-LDL
cholesterolemia. In Japan, E32K mutation (slight gain-
of-function mutation), which contributes to a rela-
tively small increase in the LDL-C level, is identified
in 1 to 2% of the general population and in 6% of
clinically diagnosed FH patients. When E32K muta-
tion is concomitantly present in LDL-receptor-related
heterozygous FH, the clinical features may become
like homozygous FH'Y; however, these patients respond
to drug therapy more effectively than an FH patient
homozygous for a mutation in the LDL receptor gene.

Significance of Diagnosis and Treatment

Among untreated heterozygous FH, the risk for
the development of CAD is 20 times higher than in
those treated. No symptom might be observed except
for hyper-LDL cholesterolemia before CAD events. It
is therefore important to make a definitive diagnosis
at an early stage of life and to start appropriate treat-
ment to prevent juvenile death, even when patients
are still asymptomatic. FH should be positively sus-
pected in patients with hyper-LDL cholesterolemia to
make a definitive diagnosis through surveys of ten-



1048 Harada-Shiba et al.

Table 1. Diagnostic criteria for adult (15 years or older) heterozygous FH

1. Hyper-LDL cholesterolemia (LDL-C before treatment: 180 mg/dL or more)

2. Tendon xanthoma (tendon xanthoma on the dorsal hands, elbows, and knees, or Achilles tendon thickening) or nodular xanthoma on the skin

3. Family history within the second-degree relatives FH or premature CAD

» A diagnosis should be made after ruling out the possibility of secondary hyperlipidemia.
« Patients meeting 2 items should be regarded as having FH. Concerning those meeting 1 item, refer to Fig. 4. When FH is suspected, genetic tests

should be conducted to make a diagnosis.
+ Nodular xanthoma on the skin does not include palpebral xanthoma.

» Patients with Achilles tendon thickening (9 mm or more) on radiography should be regarded as having xanthoma.

+ When the LDL-C is 250 mg/dL or more, FH should be strongly suspected.

* During drug therapy, the pretreatment lipid level should be employed as a reference value.
+ CAD in males younger than 55 years old and females younger than 65 years old is defined as premature CAD.
* When a diagnosis of FH is made, the patient’s family should also be investigated.

don/skin xanthoma and of family members. When a
definitive diagnosis of heterozygous FH is made, the
patient’s family should be examined extensively for
early diagnosis/treatment.

Diagnosis of Heterozygous FH

FH is characterized by the presence of type Ila or
IIb dyslipidemia, Achilles tendon thickening, skin
xanthoma, and corneal arcus. Achilles tendon thicken-
ing is evaluated based on the results of inspection and
palpation (Fig.5); however, when diagnosis is diffi-
cult, radiography should be conducted to measure the
maximum thickness of the Achilles tendon. Patients
with a maximum thickness of 9 mm or more are
regarded as having thickening of the tendon (Fig.6).
Skin/tendon xanthoma frequently develops on the
extensor sides of the hands, elbows or knees. The
onset of premature CAD (age at onset: less than 55
years in males, less than 65 years in females) in the
family is frequent.

New Diagnostic Criteria for FH

Mabuchi ez al. reported that the mean LDL-C
levels in genetically diagnosed heterozygous FH patients
and their relatives without FH were 260.8 and 114.8
mg/dL, respectively, suggesting the definition of het-
erozygous FH with an LDL-C level over 161 or 163
mg/dL'?.

Previous diagnostic criteria included a total cho-
lesterol level of 260 mg/dL or more as a major symp-
tom, but Japanese guidelines for the management of
atherogenic risks use LDL-C, so that the use of LDL-C
is chosen as a more appropriate parameter to diagnose
and treat FH. Based on the results of previous and
preliminary studies, hyper-LDL cholesterolemia, Achil-
les tendon thickening, skin xanthoma, and the pres-
ence of FH or premature CAD in first and/or second

degree relatives were established as major symptoms,
and patients with 2 or more of these symptoms were
regarded as having FH. To determine the cut-off level
of LDL-C for the diagnosis, we analyzed the before-
treatment data obtained from 1,356 patients who had
consulted the Lipid Clinics (FH patients: 419, non-
FH: 937) of the National Cerebral and Cardiovascular
Center, Osaka University, Kyoto University, Chiba
University, Nippon Medical University, and Kanazawa
University. When establishing a cut-off as 180 mg/dL
or more for LDL-C, the sensitivity and specificity
were 94.3 and 99.1%, respectively. When establishing
the cut-off as 190 mg/dL or more, the sensitivity and
specificity were 92.1 and 99.1%, respectively; there-
fore, 180 mg/dL was employed as a more sensitive
cut-off of LDL-C (Study Group of Primary Hyperlip-
idemia, Research report in fiscal year 2011). In this
analysis, the sensitivity and specificity of LDL-C were
higher than those of total cholesterol. The new diag-
nostic criteria prepared in this study are shown in
Table 1. The flow chart of diagnosis is shown in
Fig.7. In this analysis, non-FH patients accounted for
5% of those with an LDL-C level of 250 mg/dL or
more. The subjects of this analysis were those who had
been followed-up at Lipid Clinics, so that this propor-
tion should be lower in general clinical practice; there-
fore, it is described in our diagnostic criteria that FH
should be strongly suspected when the LDL-C level is
250 mg/dL or more. FH patients with no Achilles
tendon thickening but with corneal arcus are
extremely rare; therefore, corneal arcus, included in
the previous diagnostic criteria, was not employed in
the present diagnostic criteria. Lymphocytic LDL
receptor activity assay was not employed as a standard
measure because there is no data accumulation.

When serious illnesses develop concomitantly,
including acute myocardial infarction, LDL-C may
significantly decrease and hyper-LDL cholesterolemia
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Major components

1. LDL-cholesterol 180 mg/dL or over
2. Achilles tendon xanthoma or skin xanthoma

in 15t or 2nd degree relatives

3. Family history of FH or premature coronary artery disease

l Major components: 2 or more
No

—

Presence of FH DD: sitosterolemia | LDL-C>140 mg/dL
hypercholesterolemia and other lY s No
by further investigation | | disorders and
follow up s/o FH | FH unlikely, but
Yes No follow up is

k.
s/lo FH | Follow the

guideline for
dyslipidemia

recommended in
the case of young
adults

Fig.7. Flow chart of FH diagnosis. DD: differential diagnosis

may not be apparent even in FH patients on admis-
sion. Therefore, palpation should be performed to
examine the Achilles tendon and a survey of the fam-
ily history must be conducted for all the patients with
acute myocardial infarction.

Radiography of the Achilles Tendons

Thickening of the Achilles tendons can be mea-
sured using radiography. The angle between the lower
leg bone and sole should be 90 degrees. An angle of
incidence should be established involving the fibular
lateral malleolus from the lateral side. The imaging
distance is 120 cm. The following imaging conditions
should be employed: 50 kV and 5.0 mA. Ultrasonic
assessment of Achilles tendon thickening is also possi-
ble; however, it has not yet been standardized.

Differential Diagnosis

Secondary hyperlipidemia with hyper-LDL cho-
lesterolemia (i.e. diabetes, hypothyroidism, and neph-
rotic syndrome), as well as familial combined hyper-
lipidemia (FCHL), should be differentiated from FH.
FCHL can be differentiated based on the absence of
tendon xanthoma, presence of small dense LDL, pres-
ence of other types of dyslipidemia (types Ila, IIb, and
IV) in the family, and a less marked increase in LDL-C
during childhood in comparison with FH patients.
Key points to differentiate FH from FCHL are sum-
marized in Table 2.

Risk Factors for Heterozygous FH and the Target
Level of LDL-C in Lipid Control

The age at onset of CAD and the rate of its dete-
rioration vary among heterozygous FH patients. Risk
factors reportedly play roles in the development of
CAD in Japan, as indicated by the following studies:
Yagi ¢t al. investigated 117 patients with heterozygous
FH in the Hokuriku district and identified diabetes
and hypo-HDL cholesterolemia as significant risk fac-
tors'?. Sugisawa et al. reported that LDL-C 260 mg/
dL or higher and/or Achilles tendon thickness 14.5
mm or thicker are useful markers for detecting patients
at “very high” risk for CAD'. Hirobe et 4l. also indi-
cated the involvement of hypo-HDL cholesterolemia
in the onset of CAD in FH patients'. Yanagi ez 4.
reported the involvement of diabetes and impaired
glucose tolerance!®. Nakamura et /. emphasized the
importance of visceral fat'”. Furthermore, the Primary
Hyperlipidemia Research Group indicated that hyper-
triglyceridemia and hypo-HDL cholesterolemia were
frequent in FH patients with CAD'®. In The Nether-
lands, Rana ez 4/. reported that the risk of cardiovascu-
lar events increased 1.5-fold in FH patients with met-
abolic syndrome, which was diagnosed using the
NCEP-ATPII criteria based on the analysis of 1,698
patients with FH'?. Jensen ez al. conducted a cohort
study involving 2,400 patients with heterozygous FH
in the Netherlands, and indicated that the risk of car-
diovascular events increased 1.5-fold when lipoprotein
(a) was 30 mg/dL or more® Y. Holmes et al. per-
formed a cohort study involving patients with hetero-
zygous FH in Canada, and reported that the risk of
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Table 2. Comparison of familial hypercholesterolemia (FH) and familial combined hyperlipidemia (FCHL)

Heterozygous FH

FCHL

Causative gene (single gene abnormality)

Frequency

Ila in most patients,
IIb in some patients

Lipid profile

Achilles tendon thickening,

. Present
skin xanthoma

Juvenile corneal arcus Present
Presence of small-dense LDL Not frequent

Insulin resistance Not frequent

LDL receptors, PCSK9, Apo B-100

1 per approximately 500 persons

Although USF-1 and LPL have been reported as
candidates, no causative gene has been identified
(multi-gene abnormalities).

1 per approximately 100 persons

During the course, both patients and their families
may show 3 phenotypes, la, IIb, and IV.

Absent

Absent
Frequent

Frequent

PCSKO9: proprotein convertase subtilisin/kexin type 9
USF-1: upstream transcription factor 1, LPL: lipoprotein lipase

cardiovascular events increased 2.5-fold in those with
lipoprotein (a) of 56 mg/dL or more®. Recently,
Nenseter ez al. indicated that lipoprotein (a) of 35 mg/
dL or more was a significant risk factor for heterozy-
gous FH?.

Risk factors for CAD include age, hypertension,
diabetes (including impaired glucose tolerance), chronic
kidney disease (CKD), family history of CAD, hypo-
HDL cholesterolemia, and smoking in the guidelines
for the prevention of atherosclerosis in 2012. Based on
these previous studies, this guideline defines risk fac-
tors for CAD development in FH patients; an age of
30 years or older in males/45 years or older in females
(or postmenopausal women), pretreatment LDL-C of
260 mg/dL or more, Achilles tendon thickening (15
mm or more), lipoprotein (a) of 50 mg/dL or more,
and metabolic syndrome. Therefore, to prevent CAD
in FH patients, risks other than LDL-C should also be
extensively managed.

Since the CAD risk is very high in heterozygous
FH, the target level of LDL-C management should be
set similarly to secondary prevention; less than 100
mg/dL; however, this target may not be achievable in
many cases of FH. Even when LDL-C does not reach
the target level, physicians may be advised to target
LDL-C reduction more than 50% of the pretreatment
value. In the ASAP study, 325 patients with FH were
assigned to receive high-dose atorvastatin (80 mg/day)
or simvastatin (40 mg/day), and were followed-up for
2 years. LDL-C in the atorvastatin group (LDL-C:
308 to 149 mg/dL) decreased more markedly than in
the simvastatin group (LDL-C: 321 to 185 mg/dL).
When measuring IMT using carotid ultrasonography,

intima-media thickness (IMT) increased in the latter
whereas it significantly decreased in the former®?;
therefore, 50% or more decrease in LDL-C may be
beneficial. As clinical studies without lipid-lowering
therapy cannot be conducted on FH patients for ethi-
cal reasons, there is no evidence regarding these target
levels. Even when LDL-C reaches the target goal, the
absence of events may not be assured. It should be
noted that the risk chart published by the Japan Ath-
erosclerosis Society cannot be applied for risk assess-
ment of FH patients.

The goal of the treatment in this guideline
should be employed for FH patients aged 30 years or
older. As a rule, treatment should be performed under
specialist guidance. In particular, FH patients aged 15
to 29 years must be treated under specialist guidance.
Therapeutic strategies for women who may become
pregnant are described in another section.

Treatment of Heterozygous FH
As FH patients show severe hyper-LDL choles-

terolemia, the direct influence of lifestyle modifica-
tions on the plasma lipoprotein profile, such as diet
and exercise, and on the prognosis remains uncertain;
however, lifestyle modifications may positively influ-
ence other risk management so they are recommended
even when the rate of LDL-C decrease is limited to 2
or 3%. It is extremely important to instruct smokers
to quit smoking.

Diet Therapy

Diet management should also be performed for
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~Table 3. Diagnostic criteria for heterozygous FH in children

1. Hypercholesterolemia: Pretreatment LDL-C level = 140 mg/dL (When the total cholesterol level is 220 mg/dL or more, LDL-C should be

measured.)

2. Family history of FH or premature CAD (second degree relative)

+ As clinical symptoms such as tendon xanthoma are absent in children, FH diagnosis in their families is important.
» As there are changes in LDL-C level during the growth petiod, close follow-up is necessary.
+ CAD in males younger than 55 years old and females younger than 65 years old is defined as premature CAD.

FH patients. There is no diet therapy regimen specific
to FH, and standard diet therapy for hypercholesterol-
emia should be applied. Maintaining good compliance
is more important for FH patients.

Exercise Therapy

Exercise should also be helpful for FH patients;
however, the presence of insidious CAD should be
carefully screened before starting exercise therapy, as
their CAD risk is high. History taking, electrocardiog-
raphy, stress electrocardiography, and echocardiogra-
phy should be performed to evaluate coronary func-
tion. When the presence of CAD is suspected, exercise
therapy should be conducted cautiously after appro-
priate treatment.

Drug Therapy

Normalization of the plasma lipid and lipopro-
tein profile cannot be achieved in most FH patients
by lifestyle modification alone. Drug therapy is there-
fore required. HMG-CoA reductase inhibitors (statins)
are chosen as first-line drugs. Retrospective analysis of
329 patients with heterozygous FH in Japan demon-
strated that the use of statins significantly delayed the
onset of CAD %),

Statin therapy should be started with an “initial”
dose, and the dose should be adjusted while observing
its efficacy and side effects. The LDL-C-lowering
effects of statins are potentiated in a dose-dependent
manner, but the frequency and severity of side effects
may also increase. It is necessary to examine the pres-
ence of myalgia by inquiry, and to evaluate liver func-
tion parameters, such as AST and ALT, as well as CK,
particularly cautiously during the initial month and
thereafter periodically. Rhabdomyolysis is the most
serious side effect and should not be overlooked.

When patients do not respond to monotherapy
with statins, combination therapy with other lipid-
lowering agents may be beneficial to decrease LDL-C,
such as ezetimibe, bile acid resins (cholestyramine,
colestimide), probucol, fibrates, and nicotinic acid
derivatives. However, it remains undermined whether
these combination therapies are more effective to

inhibit or delay the onset of cardiovascular events in
patients with FH than monotherapy with statins. In
the ENHANCE study, 720 patients with heterozy-
gous FH were assigned to receive 80 mg/day simvas-
tatin alone or combination therapy with 10 mg/day
ezetimibe, and followed-up for 24 months. In the
combination therapy group, the rate of LDL-C dec-
rease was significantly greater (combination therapy
group: 58% vs. monotherapy group: 41%, p<0.01).
However, there was no significant difference in the
carotid IMT between the two groups (combination
therapy group: 0.0111 mm vs. monotherapy group:
0.0058 mm)?®. IMT is a surrogate marker for CAD
and the IMT values measured before the treatment
were within the normal range in this trial, so it should
be clarified in the future whether additional therapy
significantly reduces thickened IMT and inhibits the
onset of cardiovascular events in FH patients.

For patients with statin intolerance due to side
effects such as myalgia and liver dysfunction, mono-
therapy or combination therapy with the above lipid-
lowering agents should be performed in order to avoid
or reduce the dose of statins. In Japan, the results of a
retrospective study suggested that probucol delays the
onset of recurrent CAD in patients with heterozygous
FH?.

To establish safe treatment for FH patients, a long-
term, large-scale study is necessary. Extensive drug
therapy with statins or a combination should be per-
formed for FH patients based on carefully informed
consent by the patients and/or their family after evalu-
ating the balance between the risk of atherosclerosis
and safety of the treatments. For safety evaluation of
combination therapy, a study involving 248 adoles-
cent males and females with heterozygous FH showed
that there was no increase in the incidence of adverse
reactions in patients receiving combination therapy
with simvastatin and ezetimibe in comparison with
monotherapy with simvastatin®®; however, combina-
tion therapy with statins and fibrates is contraindi-
cated in the presence of kidney dysfunction.
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LDL Apheresis for Heterozygous FH

For heterozygous FH patients, LDL apheresis is
covered by public health insurance when the total
cholesterol exceeds 400 mg/dL in a steady state under
diet therapy and does not decrease to 250 mg/dL or
less by drug therapy in the presence of coronary lesion.
It is appropriate to choose LDL apheresis for drug-
resistant FH patients with severe CAD.

Screening/Follow-Up of Cardiovascular
Disease (CVD)

Heterozygous FH patients develop systemic ath-
erosclerotic disorders including CAD in the early stage
of life, so early screening for these disorders is neces-
sary. When atherosclerotic vascular disorders are
found, early treatment and careful follow-up should
be carried out. CAD can be fatal, so screening for
CAD should be performed at 1- to 2-year intervals.
For the diagnosis of CAD, history taking, electrocar-
diography, stress electrocardiography (master double,
ergometer, and treadmill), echocardiography, and stress
myocardial scintigraphy are to be performed. When
CAD is suspected in these examinations, coronary
multidetector-row computed tomography (MDCT)
should be conducted to identify the site of coronary
stenosis. When stenosis is suspected on MDCT, coro-
nary angiography should be performed; however, FH
patients frequently show calcification, which some-
times makes it difficult to make a diagnosis. Coronary
angiography findings characteristic of heterozygous
FH include marked stenotic lesions at the origin and
dilative lesions downstream (coronary aneurysms). Cor-
onary lesions in FH patients are often severe and
multi-vessel. As systemic atherosclerosis develops in
most patients with heterozygous FH, examination
procedures must be performed carefully, considering
complications such as thrombosis/embolism.

To evaluate carotid atherosclerosis in patients
with heterozygous FH, vascular murmur hearing and
carotid ultrasonography are helpful. When stenosis is
suspected, MR angiography, CT angiography, or angi-
ography should be performed. To evaluate the pres-
ence of cerebral infarction, magnetic resonance imag-
ing (MRI) and CT should be carried out if necessary.

In some patients with heterozygous FH, periph-
eral arterial disease (PAD) develops concomitantly;
therefore, the presence of intermittent claudication
should be investigated by history taking. To evaluate
arteriosclerosis of the femoral artery, the ankle-brachial
blood pressure index (ABI) should be measured. In

addition, when stenosis is suspected, femoral artery

ultrasonography (Doppler method), CT angiography,
and MR angiography should be performed.

To assess valvular disorders such as aortic valve
stenosis (AS), echocardiography should be conducted.
In severe cases having a decrease in the aortic valve
orifice area with marked differences in the aortic valve
pressure, aortic valve replacement may be performed.
When selecting this procedure, the preoperative assess-
ment of concomitant arteriosclerotic lesions, especially

CAD, is necessary.

FH in Children

CAD may not be an apparent clinical manifesta-
tion in children with heterozygous FH; however,
autopsy findings in the Bogalusa Heart Study® and
Pathological Determinants of Atherosclerosis in Youth
(PDAY)?” demonstrated that atherosclerotic changes
were already present in children; therefore, starting
intervention for dyslipidemia in childhood is impor-
tant to prevent CAD in heterozygous FH.

Diagnosis of Heterozygous FH in Children
Hyper-LDL cholesterolemia is already present at
birth in heterozygous FH. In many of these patients;
however, hyper-LDL cholesterolemia-related physical
symptoms may not become apparent in childhood,
such as Achilles tendon xanthoma and corneal arcus.
Therefore, FH in children is diagnosed based on
hyper-LDL cholesterolemia and the family history. To
make a diagnosis of FH in children, their parents’ his-
tory of FH is essential; therefore, it is important to
make a definitive diagnosis of FH in the parent when
either parent has hyper-LDL cholesterolemia. Diag-
nostic criteria for FH in children are listed in Table 3.
As 95% of healthy children show LDL-C of 140 mg/
dL or less®, a reference value for screening was estab-
lished as 140 mg/dL. Briefly, 1 per 15 to 25 children
with LDL-C of 140 mg/dL or more may have FH.

FH in Screening of Children

FH can be screened during infancy®?. Definitive
diagnosis of FH should be made before the age of 10
to consider intervention, anticipating an effect of diet
therapy on psychosomatic growth and the develop-
ment of arteriosclerotic lesions. Ideally, FH screening
should be conducted by measuring the serum lipid
level once around 10 years of age in all children® 3%,
Average Japanese children undergo a hematology and
blood biochemistry check-up at least a few times before
they reach 10 years old of age on various occasions,
including health checks and consultations for diseases.
The examination mostly includes a total cholesterol
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test; therefore, the awareness of the guidelines by pedi-
atricians should increase the chance of early identifica-
tion of FH.

When a pediatric patient has LDL-C exceeding
140 mg/dL, a family member(s) diagnosed with FH,
and a family history of hyper-LDL cholesterolemia or
premature CAD, extensive examination must be per-
formed to make a definitive diagnosis. The diagnostic
criteria shown in Table 3 were prepared to screen het-
erozygote FH children. When FH is suspected, it is

necessary to refer them to a specialist.

Risk Factors for FH in Children

FH patients with risk factors for CAD have a
higher risk, especially for hyper-LDL cholesterolemia
and obesity, thickened IMT during childhood, coro-
nary calcification, and vascular endothelial dysfunc-
tion during adulthood? 7. Therefore, assessment
and management of risk is important during child-
hood. Primary risk factors in children with heterozy-
gous FH include a family history of CAD (within sec-
ond degree relatives), obesity (degree of obesity: 20%
or more), diabetes (including impaired glucose toler-
ance), hypertension (>125/70 mmHg), hypo-HDL
cholesterolemia, and smoking. The number of these
primary risk factors can be used as an index for treat-
ment.

Diagnosis of Atherosclerotic Disease in Children

To evaluate atherosclerosis in children with het-
erozygous FH, non-invasive methods should be
employed. IMT measurement with carotid ultraso-
nography is useful for evaluation of the deterioration
of atherosclerosis and treatment response.

Treatment of Heterozygous FH in Children
Nutritional Guidance and Lifestyle Modification
When a diagnosis of heterozygous FH is made,
the patients and parents should be advised to improve
their lifestyle as early as possible. Those who smoke
must stop smoking for their lifetime. It is also impor-
tant to encourage their families to cease smoking.
When the weight of the patients is within +20% of
the standard body weight (in the absence of obesity),
the dietary fat content should be less than 30% of the
standard total energy intake with the saturated fatty
acid 7 to 10%. Dietary cholesterol intake should be
limited to 300 mg/day®* 3. When the body weight
exceeds 20% of the standard body weight, energy
intake and dietary fat/saturated fatty acid must be lim-
ited similarly to obesity treatment. Initial diet therapy
should continue for 6 months to 1 year, as described
in the NCEP guidelines in the United States®. A

common standard Japanese diet is acceptable for the
first step as far as it meets the requirement above, and
more active dietary intervention is conducted in the
second step. Lifestyle modification is useful for reduc-
ing risk factors; however, LDL-C decrease is insuffi-
cient for many patients®*?. The effect must be
reviewed while considering potential drug therapy.

Drug Therapy

Evidence has not yet been established regarding
the age at which heterozygous FH patients should
start drug treatment. Nevertheless, appropriate LDL-C
control should be achieved because atherosclerotic
changes of coronary arteries are observed at a young
age in these patients. The American Academy of Pedi-
atrics proposed that lipid-lowering therapy should be
initiated in children with LDL-C of 190 mg/dL or
more, those with LDL-C of 160 mg/dL or more hav-
ing a family history of premature CAD, and those
with 2 or more risk factors. When the effects of life-
style modification are not sufficient, drug therapy
should be considered in boys aged 8 to 10 years or
older or girls experiencing menarche®*?. In high-risk
patients with tendon xanthoma/aortic valve stenosis
or a family history of CAD, differentiation from
homozygous FH is important and drug therapy may
be initiated at a young age.

For drug therapy for children with heterozygous
FH, bile acid resins have been chosen as the first-line
agent as they may be considered a relatively low risk
for development and growth; however, these resins do
not have high potency for decreasing LDL-C, and
compliance does not seem to be high. On the other
hand, an increasing number of clinical studies have
demonstrated the safety and efficacy of statin therapy
in pediatric to adolescent patients with heterozygous
FH; in children with heterozygous FH, simvastatin
improved endothelial function, and 2-year pravastatin
therapy reduced carotid IMT*. With respect to safety,
several studies involving approximately 200 adolescent
patients with heterozygous FH, aged 8 years or older,
reported that short-term (2 years or less) therapy with
lovastatin, simvastatin, pravastatin, or rosuvastatin
effectively decreased LDL-C without influencing
development, sexual maturation, testis volume, and
blood gonadotropin and liver/muscular enzyme lev-
els#%7, Based on these findings, statin therapy may be
chosen when thickening of the Achilles tendon or an
increase in the IMT is observed in children with FH;
however, drug therapy for FH in children should be

under cautious and extensive guidance by specialists.
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Heterozygous FH in Women

Premenopausal Women

Although lifestyle modification is a basic strategy
for female patients, it is necessary to decrease LDL-C
by drug therapy*®. The patients should consult spe-
cialists in dyslipidemia treatment after adolescence to
decide the timing and types of drug therapy, consider-
ing the risks in individual patients.

There are two female-specific problems with FH
drug therapy; pregnancy and oral contraceptives
(OCs). During pregnancy, drug therapy other than
bile acid resins therapy should be avoided due to the
risk of fetal anomalies. According to the National
Institute for Health and Clinical Excellence, drug ther-
apy should be promptly discontinued when patients
are identified to be pregnant. Drug administration
should be discontinued for 3 months before trying to
become pregnant.

OCs are administered to many patients not only
for contraception, but also to relieve menstrual pain
and hypermenorrhea. The influence of OCs on the
risk of myocardial infarction in healthy females was
investigated and showed that the increase of the odds
ratios with first- and second-generation OCs was 2.21
(1.30-3.76) and 2.17 (1.76-2.69), respectively, but there
was no increase with third-generation OCs, 1.27 (0.96-
1.67)®. Another study regarding combination ther-
apy with statins and OCs involving healthy women
reported that statins exhibited lipid-lowering effects
without reducing the hormonal effects of OCs*?,
showing that combination therapy with OCs and
statins is not always contraindicated for premeno-
pausal women with FH. However, the scale of their
study was relatively small and the confidence interval
was large; therefore, when selecting combination ther-
apy; the risks/benefits must be sufficiently explained.

Postmenopausal Women

LDL-C increases in women after menopause®?,
and the increase in FH patients is greater than in
healthy women. It is therefore necessary to reduce
LDL-C more intensively by lifestyle modification and
drug therapy with statins.

Hormonal replacement therapy (HRT) to treat
climacteric disturbance also improves lipid metabo-
lism by decreasing LDL-C and increasing HDL-C?.
A study involving healthy postmenopausal women
reported that the combination of HRT and statin
therapy potently decreased LDL-C*». Another obser-
vational study indicated that HRT reduced the risk of
myocardial infarction®?; however, double-blind stud-

ies, the Women’s Health Initiative (WHI)>» and Heart

and Estrogen/Progestin Replacement Study (HERS)>®,

ruled out primary/secondary preventive effects of HRT
on the risk of myocardial infarction. In fact, the results
indicated that the risk increased; however, a recent
observational study regarding percutaneous estrogen
administration in Europe reported that the risk of
myocardial infarction significantly reduced, differing
from oral administration®”. Therefore, it may be
important to consider differences related to the route
of administration when evaluating the risk of myocar-
dial infarction. The influence of HRT in postmeno-
pausal women with FH on the risk of myocardial
infarction remains to be clarified.

Diagnosis of homozygous FH

Homozygous FH can be diagnosed based on
clinical features: serum total cholesterol of 600 mg/dL
or more, cutaneous xanthoma, premature CAD dur-
ing childhood, and parents’ family history of heterozy-
gous FH. Cutaneous xanthoma during childhood is
characteristic of this disease. On many occasions,
patients may initially consult a dermatologist. When it
is difficult to differentiate homozygous from severe
heterozygous FH, it is possible to make a definitive
diagnosis based on the detection of reduced LDL
receptor activity in fibroblasts/lymphocytes (20% or
less of the normal activity)*® and LDL-receptor, ApoB
or PCSK9 gene mutations.

A condition in which mutations of the LDL
receptor or ApoB gene, or gain-of-function mutations
of PCSK9 are present in both alleles is defined as
homozygous FH. It is impossible to clinically differen-
tiate homozygous FH patients with LDL-receptor
mutation from those with PCSK9 mutations®® 0.
Response to treatment may differ in the two types of
homozygous FH. Since the incidences of both types
are relatively high, concomitant development of LDL-
receptor and PCSK9 abnormalities must be taken into
account. LDL-receptor and PCSK9 mutations are
present in respective alleles in these patients, so that
they are not genetically homozygotes. This condition
is, however, clinically undistinguishable from homozy-
gous FH in some cases. A few other types of primary
hypercholesterolemia to be differentiated exist,
although cases are relatively rare. Autosomal recessive
hypercholesterolemia (ARH) is one such type. Homo-
zygous ARH is also impossible to differentiate from
homozygous FH based on clinical features of the
patient. LDL receptor adapter protein 1 (LDLRAPI)
is a gene causing ARH®Y, and heterozygous ARH is
usually asymptomatic; therefore, the family history is
important®. Sitosterolemia also causes xanthoma and
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CVD in many cases, similarly to FH. It induces a
marked increase in the blood vegetable sterol concen-
tration due to ABCG5 or ABCGS8 mutations®?; how-
ever, most patients show normal LDL-C% . For dif-
ferential diagnosis, the family history and measure-
ment of the blood levels of plant sterols (sitosterol,
campesterol) are useful. Cerebrotendinous xanthoma-
tosis (CTX) is known as an autosomal recessive disease
with marked tendon xanthoma®@. In the presence of
this disease, sterol 27-hydroxylase abnormalities
increase the blood cholestanol level, causing mental
retardation and/or neurological symptoms as well as
marked tendon xanthomatosis; however, CTX does
not show hypercholesterolemia. As a disease with a
similar condition, pseudohomozygous type II hyper-
cholesterolemia is known, although its pathogenesis is
genetically unclear. Patients’ parents do not show
marked hypercholesterolemia and favorably respond
to diet therapy and bile acid resins®®.

Drug Therapy for Homozygous FH

As described for patients with heterozygous FH,
lifestyle modification also comprises basic treatment
for patients with homozygous FH; however, the risk
of CAD onset/deterioration is markedly high in these
patients. Therefore, potent LDL-C-lowering therapy
is required at a young age; however, most LDL-lower-
ing agents act through increasing LDL receptor activ-
ity, such as bile acid resins and statins, so these drugs
are not expected to be effective for the majority of
homozygous FH where the LDL receptor is absent.
Probucol exhibits limited specific LDL-C-lowering
effects in patients with homozygous FH. A study
reported that probucol therapy led to the reduction/
disappearance of skin/Achilles tendon xanthoma®;
therefore, LDL apheresis therapy at 1- to 2-week
intervals is necessary. Drug treatment including statins
generally helps to decrease the rebound rate of LDL-C
after individual LDL apheresis treatment. In the state-
ment “to decrease the risk of cardiovascular events in
high-risk children” published by the American Heart
Association (AHA) in 2006, it is recommended that
combination therapy with high-dose statins or ezeti-
mibe be started at a young age in addition to LDL
apheresis®.

In homozygous FH patients who wish to become
pregnant, CAD/aortic valve stenosis/ supravalvular ste-
nosis screening should be conducted for the continua-
tion of pregnancy and easy delivery. If necessary,
appropriate treatment must be performed’?. An ani-
mal experiment showed the teratogenicity of statins.
As the safety of lipid-lowering agents other than bile

acid resins, regarding administration to humans dur-

ing pregnancy, has not been established, physicians
must instruct hetero-/homozygous FH patients to dis-
continue therapy with lipid-lowering agents other
than bile acid resins at least 3 months before trying to
become pregnant and during the lactation period after

delivery.

LDL Apheresis in Patients with Homozygous FH
Start of LDL Apheresis Therapy

When LDL apheresis therapy was introduced
after 10 years of age, the prognosis of the patient was
unfavorable””, so treatment should be started as early
as possible’?; however, it is difficult to start this ther-
apy until children become able to cooperate, such as
resting during the treatment, usually at 4 to 6 years of
age. There are some infants with coronary stenosis,
complete obstruction, aortic valve stenosis, or supra-
valvular stenosis. During infancy, the plasma exchange
method may be chosen since the extracorporeal vol-
ume of the device is small.

Effects of LDL Apheresis

Some studies have reported that LDL apheresis
therapy was safe in children without influencing deve-
lopment/growth, and that this therapy led to the redu-
ction/disappearance of skin xanthoma, inhibiting exac-
erbation of aortic valve stenosis/supravalvular stenosis,
which are characteristic of homozygous FH, and coro-
nary lesions, or resulting in improvement”*%. Iron-
deficiency anemia is the most frequent side effect.
During treatment, blood pressure may fall due to a
decrease in the circulating blood volume in some
patients. LDL apheresis therapy should be performed
with caution, particularly in patients with aortic valve/
CAD. LDL apheresis using LDL adsorption columns
needs special attention as they have a negative charge,
increasing the bradykinin level by activating the blood
coagulation system. Therefore, combination therapy
with angiotensin-converting enzyme (ACE) inhibitors
may cause anaphylactic symptoms and is contraindi-
cated.

Pregnancy/Delivery in Patients with Homozygous FH

It is important for patients with homozygous FH
to plan their pregnancy. Before pregnancy, screening
should be conducted using echocardiography, electro-
cardiography, stress electrocardiography, and carotid
ultrasonography to evaluate CVD. Lipid-lowering
agents other than bile acid resins must be discontin-
ued 3 months before trying to become pregnant. In
FH patients, LDL-C and triglyceride further increase
during pregnancy. In particular, these two parameters
increase by approximately 30 and 100%, respectively,
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after week 24 of pregnancy®. In FH patients, the
blood coagulation capacity and platelet function are
enhanced during pregnancy, increasing blood viscos-
ity®?. In pregnant women with homozygous FH,
uteroplacental blood flow is less abundant than in
those with normal pregnancy. In addition, LDL apher-
esis therapy improves blood flow®?. In the third preg-
nancy trimester, especially on delivery, high-intensity
stress is added to the cardiovascular system; therefore,
LDL apheresis should be performed during pregnancy.
Several studies have reported that LDL apheresis ther-
apy could be safely conducted during pregnancy, lead-
ing to delivery’ 848, During lactation, lipid-lowering
agents other than bile acid resins should also be dis-
continued, and periodic LDL apheresis therapy must
be continued for LDL-C control.

Designation of Homozygous FH as a Specific Dis-
ease

In October 2009, homozygous FH was desig-
nated as a disease to be covered in the Specific Disease
Treatment Research Business in Japan. Designation
criteria include marked hypercholesterolemia, pres-
ence of skin xanthoma during childhood, and resis-
tance to drug therapy in addition to a definitive diag-
nosis made on analysis of genes involved in the route
of LDL metabolism or measurement of LDL receptor
activity. Therefore, in addition to typical homozygous
FH patients, severe hypercholesterolemic patients who
resist drug therapy, even though genetic diagnosis had
not led to a definitive diagnosis, are also included.
These patients can receive a subsidy for the health
expenditure for chronic LDL apheresis. The proce-
dures for FH specific disease authorization are
described on the homepage of the Specific Disease
Treatment Research Business published by the Japan
Intractable Diseases Information Center, Ministry of
Health, Labour and Welfare (http://www.nanbyou.
or.jp/what/nan_kenkyu_45.htm).
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Abstract:

The complex of serum amyloid A (SAA) and low-density lipoprotein (LDL), SAA-LDL, is considered a new and unique marker of
oxidatively-modified LDL particles, which is associated with atherosclerotic conditions. This study investigated the influence of
atorvastatin treatment on circulating SAA-LDL levels among asymptomatic hypercholesterolemic patients. A total of 26 patients
(mean age 63 years) received 10 mg/daily atorvastatin during a 12-week treatment period. The levels of LDL cholesterol and
SAA-LDL, but not high-sensitivity C-reactive protein and SAA, were significantly reduced after the treatment. Stepwise adjusted
regression analyses revealed that changes of SAA-LDL were significantly and positively correlated with those of SAA, while abso-
Iute changes were small, which warrants further investigation. The results suggest that atorvastatin may beneficially reduce
SAA-LDL, and SAA-LDL may be a sensitive measure for monitoring the efficacy and antioxidant functions of atorvastatin.

Key words: SAA-LDL, oxidative stress, SAA, C-reactive protein, inflammation, atherosclerosis

Abbreviations: BMI — body mass index, CRP — C-reactive
protein, CVD — cardiovascular disease, ELISA — enzyme-
linked immunosorbent assay, HDL-C — high-density lipopro-
tein cholesterol, hsCRP — high-sensitivity C-reactive protein,
LDL — low-density lipoprotein, LDL-C — low-density lipopro-
tein cholesterol, MBP — mean blood pressure, oxLDL — oxi-
dized LDL, SAA — serum amyloid A, TG — triglycerides

Introduction

High levels of circulating low-density lipoprotein (LDL)
cholesterol (LDL-C) are a major risk factor associated

212

with atherosclerosis complications such as cardiovas-
cular disease (CVD). Statins, 3-hydroxy-3-methyl
glutaryl coenzyme A reductase inhibitors, are known
to reduce LDL-C concentrations [1, 2]. Atorvastatin is
one of the most widely used statins in the primary and
secondary prevention of CVD [1, 2]. The benefit of
statin therapy is related not only to its lipid-lowering
but also its anti-inflammatory and antioxidant proper-
ties (leading to enhanced endothelial function and re-
duced plaque burden). These pleiotropic effects that
are independent of LDL-C-lowering action have
drawn recently special attention [5, 7, §].

Oxidized LDL (oxLDL) and chronic low-grade in-
flammation are both involved in atherosclerotic pro-
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cesses, and are considered as new markers to evaluate
CVDrisks [4,9, 13]. There have been limited clinical
studies using oxLDL-related markers in hyperlipi-
demic patients under atorvastatin therapy [11, 14, 15,
18]. A few studies have reported a significant reduc-
tion of circulating malondialdehyde-modified LDL
level and the endothelium-dependent relaxation abil-
ity of in vitro oxILDL [11, 14, 18]. In contrast, one re-
port has shown no significant changes of circulating
oxLDL as detected by a monoclonal antibody 4E6
[15]. These inconsistent results between the studies
may be, at least in part, due to the markers used to ob-
serve oxLDL levels. Also, some clinical studies using
chronic inflammatory markers such as C-reactive pro-
tein (CRP) and serum amyloid A (SAA) have reported
a significant reduction of circulating CRP and SAA
levels in hyperlipidemic patients treated with atorvas-
tatin [17], as well as a significant reduction of CRP in
patients with or at risk for coronary heart disease un-
der atorvastatin therapy [10, 12]. However, one report
has shown that the patients with relatively low CRP
levels can show no changes of the levels with treat-
ment [10]. The usefulness of these inflammatory
markers in clinical management of CVD risks re-
mains, thus, debatable, and more studies on changes
of inflammatory markers by atorvastatin therapy are
necessary. Furthermore, while inflammation and oxi-
dative stress can commonly coexist, the interrelation-
ship between changes of oxLDL and inflammatory
markers by atorvastatin therapy has yet to be fully ex-
amined [15].

SAA can be distributed not only in high-density
lipoprotein (HDL) but also LDL particles, and its
transfer to LDL particles is enhanced in certain condi-
tions (i.e., oxidative milieu) [6]. A complex of SAA
with LDL is formed by an oxidative interaction be-
tween SAA and LDL, for instance catalyzed by chlo-
rinating agents and reactive oxygen species produced
by neutrophils and macrophages [6]. Circulating
SAA-LDL may arise from SAA attachment to LDL in
the arterial sub-intimal space and/or partially in the
circulation; thus, the SAA-LDL is considered a new
and unique marker of oxidatively-modified LDL par-
ticles [6]. In fact, increased circulating levels of
SAA-LDL seen in subjects with obesity-related meta-
bolic disorders, are associated with CRP and SAA
levels, and may be predictive of the development of
CVD [6]. To date, there are no reports that examine
SAA-LDL levels in hyperlipidemic patients treated

with atorvastatin. Therefore, the aim of the present
study was to investigate the influence of atorvastatin
treatment on SAA-LDL, and its associations with
CRP and SAA levels, in asymptomatic hypercholes-
terolemic patients.

Subjects and Methods

The study included 26 hypercholesterolemic patients
with serum LDL-C concentrations of > 3.64 mmol/l
(male/female = 9/17; mean age = 63 = 11 years), who
received 10 mg/daily atorvastatin during a 12-week
treatment period. The inclusion criteria were: adult
men and post-menopausal women, non-smokers,
under hypercholesterolemic conditions where ator-
vastatin was basically needed, and not receiving any
other lipid-lowering, anti-hypertensive, anti-diabetic
or anti-inflammatory drugs. The exclusion criteria
were a poor glycemic control, a history of clinically-
overt CVD, thyroid, kidney or liver disease, drug or
alcohol abuse, and a history of serious adverse drug
reactions including drug hypersensitivity. The study
was approved by the Institutional Ethics Committee,
and each subject gave informed consent.

After an overnight fast, both in the pre- and post-
treatment phases of this study, traditional atheroscle-
rotic risk markers were measured, such as body mass
index (BMI), mean blood pressure (MBP, calculated
according to the following equation: diastolic blood
pressure plus [systolic minus diastolic blood pres-
sure]/3), plasma glucose and serum lipids (LDL-C,
triglycerides [TG] and HDL cholesterol [HDL-C]).
Glucose and lipids were determined by standard enzy-
matic methods. Serum high sensitive CRP (hsCRP)
was measured using an enzyme-linked immuno-
sorbent assay (ELISA) method (AssayPro, Ltd., MO,
USA), and SAA was measured using a latex aggluti-
nation immunoassay method (Eiken Chemical, Co.
Ltd., Tokyo, Japan). Serum SAA-LDL levels were de-
termined using an ELISA method, as described previ-
ously [6]. A polyanion solution containing dextran
sulfate was added to fresh serum samples. The sam-
ples were incubated on an anti-SAA-specific anti-
body-coated microtiter plate, and subsequently immo-
bilized overnight at 4°C. After washing the plate,
a biotinylated Fab’ apolipoprotein-B antibody was
added to the plate as a capture antibody. Peroxidase-

Pharmacological Reports, 2012, 64, 212-216 213

— 355 —



labeled avidin was then added to the plate. After add-
ing peroxidase substrate, the absorbance was meas-
ured in terms of the difference in optical absorbance
between 450 and 620 nm. The reference curves were
constructed by plotting the known concentration of
SAA-LDL standards vs. absorbance. The intra- and
inter-assay coefficients of variation were 2.6% and
5.0% at low concentrations of SAA-LDL and 4.7%
and 6.7% at high concentrations of SAA-LDL, re-
spectively.

Data were expressed as the mean =+ standard devia-
tion or median plus interquartile range. Paired #-test
was used to compare the pre- and post-treatment lev-
els of respective markers. Simple correlation analysis
(Pearson’s test) and stepwise multiple linear regres-
sion analysis, adjusted for age, gender and all the
measured markers (with F for the entry set to 2), were
used to observe the correlations between changes in
the respective markers’ levels (A: post- minus pre-
data). TG, hsCRP, SAA and SAA-LDL values were
log-transformed because of their skewed distribution;
p < 0.05 was considered significant.

Results

During the treatment period, the levels of MBP,
ILDL-C and SAA-LDL were significantly reduced
(Tab. 1). On the other hand, there were small changes

in the other atherosclerotic risk markers including
hsCRP and SAA.

Simple correlation analysis for ASAA-LDL levels
revealed r-coefficients (p-value) of the other meas-
ured variable levels as follows: age 0.01 (0.98); male
gender 0.17 (0.40); ABMI 0.14 (0.50); AMBP 0.24
(0.25); ALDL-C 0.04 (0.86); AHDL-C -0.24 (0.24);
ATG 0.31 (0.12); Aglucose 0.22 (0.29); Ahs-CRP 0.17
(0.42); ASAA 0.39 (0.05). There was also a signifi-
cant positive correlation between Ahs-CRP and ASAA
levels (0.60, p < 0.001). Subsequently, stepwise mul-
tiple linear regression analysis revealed an independ-
ent significant and positive correlation between
ASAA-LDL and ASAA levels (B-coetficient: 0.38, p-
value: 0.047), while ATG was extracted as a posi-
tively but non-significantly correlated variable for
ASAA-LDL (B-coefficient: 0.30, p-value: 0.11).

Discussion

The new finding of the present study is a significant
reduction of SAA-LDL levels, despite weak changes
of hsCRP and SAA, during a period of atorvastatin
treatment on hypercholesterolemic patients. The find-
ing of a reduction of SAA-LDL in patients under ator-
vastatin treatment seems to be in line with prior stud-
ies reporting the reduction of other oxLDL markers
with atorvastatin therapy, indicating the beneficial in-

Tab. 1. Comparison of measured markers at the pre- and post-treatment

Markers Pre-levels Post-levels p-value
Body mass index, kg/m? 26.0+4.7 258+47 0.14
Mean blood pressure, mmHg 943+114 913+98 0.03*
LDL cholesterol, mmol/| 403+0.35 2.55£0.57 <0.001*
HDL cholesterol, mmol/I 1.46 £0.39 1.48£0.36 0.52
Triglycerides, mmol/! 1.37 (0.94-1.85) 1.17 (0.92—1.53) 0.08
Fasting plasma glucose, mmol/| 6.12+1.24 6.15£1.17 0.82
hsCRP, mg/d 0.05(0.04-0.11) 0.05 (0.03-0.09) 0.10
SAA, pg/ml 5.8(3.9-10.3) 5.1(3.1-8.5) 0.23
SAA-LDL, unit 12 (10-20) 7(6-13) <0.001**

LDL: low-density lipoprotein, HDL: high-density lipoprotein, hsCRP: high-sensitivity C-reactive protein, SAA: serum amyloid. Data are shown as
the mean + standard deviation or median (interquartile range). Paired ttest was used for the respective markers. TG, hsCRP, SAA and
SAA-LDL values were log-transformed because of their skewed distribution. Significance level: * p < 0.05, ** p < 0.01
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fluence of atorvastatin in considering the involvement
of oxLDL-related markers in atherosclerotic pro-
cesses [11, 14, 18]. It is valuable to note that we con-
firmed the previous findings from other markers using
a novel oxLDL-related marker: SAA-LDL [6]. Fur-
thermore, our finding of small changes of inflamma-
tory markers among CVD-free patients (who had low
levels of the markers initially) appears to support an
earlier study implying that changes of CRP levels in-
duced by atorvastatin therapy may not be clearly elicited
in subjects with relatively low CRP levels [10]. By con-
trast, the present study finding of significant changes of
SAA-LDL, even in this type of patients, may herald
SAA-LDL as a more sensitive measure, relative to
hsCRP and SAA, to monitor patients’ response to ator-
vastatin therapy and the influence of the drug.

An additional finding is a significant correlation
between changes of SAA-LDL and SAA, but not
hsCRP or LDL-C, during a period of atorvastatin
treatment. Since the SAA-LDL complex is formed by
an oxidative interaction between SAA and LDL, and
a moderate correlation between SAA-LDL and SAA
has been reported earlier [6], this finding may not
necessarily be surprising. However, because there was
only a small change of SAA during this period of ator-
vastatin treatment, our data may be showing a differ-
ence in the correlation between changes of SAA-LDL
and SAA (in response to the treatment) in a given in-
dividual, or it may stem from a statistical artifact. This
requires further investigation in larger series.

The detailed biological mechanisms of these find-
ings cannot be fully elucidated in this observational
study. The reduction of SAA-LDL may, in part, result
from the reduction of LDL-C, but can also be ex-
plained by the antioxidant effects of atorvastatin. For
instance, the para- and ortho-hydroxymetabolites of
atorvastatin, but not the parent compound, exert the
antioxidant effects against the oxidation of LDL parti-
cles [3]. In addition, atorvastatin is reported to exert
its antioxidant effects at the cellular level by de-
creased expression of essential NAD(P)H oxidase
subunits and up-regulated expression of catalase in
vascular cells [16]. This antioxidant effects in blood
and vessel walls may improve ir vivo oxidative condi-
tions, thereby leading to the suppressed formation of
the SAA-LDL complex and reduced circulating
SAA-LDL levels.

There are some limitations to this study. Even
though this was a prospective study, a randomized-
controlled design was not employed, and there were

no control subject groups. The number of patients is
small, and the treatment period was relatively short.
These issues will be addressed in the future studies.

Conclusions

In conclusion, the present study showed a significant
reduction of SAA-LDL levels, despite small changes
of hsCRP and SAA, during a period of atorvastatin
treatment on asymptomatic hypercholesterolemic pa-
tients. Moreover, there was a significant correlation
between changes of SAA-LDL and SAA, irrespective
of changes of LDL-C, during the treatment period.
These results suggest that atorvastatin may benefi-
cially reduce SAA-LDL, and SAA-LDL may be
a more sensitive measure, relative to hsCRP and SAA,
for monitoring the efficacy and antioxidant functions
of atorvastatin. Further studies are needed to clarify
the clinical significance and the biological mechanism
of the present findings.
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