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Familial hypercholesterolemia (FH)

is an autosomal domininant genetic
disorder which results in patients

having significantly increased levels
of serum total cholesterol and low
dens ity lip op rot e in (L D L) c ho les tero l.
The high cholesterol levels are caused
by a deficiency or a defect in the LDL
receptor which results in severe and
premature coronary artery disease.

Clinicians are able to diagnose this
disorder by the clinical signs found
on examination such as arcus and
tendinous xanthomata, and the high
cholesterol levels measured in the
laboratory. Early and aggressive
therapy using drugs a.nd diet aims at
decreasing the levels of cholesterol
and thereby inhibiting the progression

of coronary artery disease.
It is the intention ofthis article to

pres ent the pathophysio log,t, clinical
and laboratory abnormalities of FH

as well as the trertment options

available to these patients.
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LDl-cholesterol is cleared from the
circulation via the LDl-receptor which
is found predominantly on hepatocytes,
although the kidney, spleen, skeletal
muscle and small intestine also play a
role in LDL metabolismr. Mutations in
the gene encoding the LDL receptor,
which is found on chromosome 19, lead
to disruption of receptor function or
lowered levels ofthe receptor at the cell
surface, the consequence ofwhich is a
reduction of LDL clearance from the
ci rculat ion and increased hepat ic
synthesis of cholesterol.
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Familial hypercholesterolaemia is a
common genet ic  d isorder  wi th a
prevalence of 1/500 in America and
Europe.2 Within South Africa, the
prevalence is very high in particular
populat ion groups.  Thus,  in  the
Afrikaner population a prevalence rate
of l/12 has been reported,s whilst in the

Ashkenazi  Jewish populat ion the
prevalence is ll67.a It has also been
stated that the Gujerat Indian commu-
nity of South Africa has a high disease
prevalence, although rates have not been
published.l
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The severity of the clinical symptoms
ofFH depends on the number and the
type of mutant LDL receptor genes that
are inherited. Thus, the clinical and
biochemical features of FH are less
severe in heterozygotes than homozy-
gotes because the heterozygotes have
one copy of a normal LDL receptor
gene, which will code for a functionally
normal LDL receptor.

The major clinical features of FH are
tendon and tuberous xanthomas which
are the result of high serum cholesterol
concentrat ions leading to t issue
cholesterol deposition. The mechanism,
by  wh ich  th i s  accumu la t i on  o f
cholesterol occurs, is not understood.
The tendon xanthomas are usually found
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on the extensor tendons ofthe knuckles
and the Achilles tendons :,:::,,r' I l;r: :' I .:
whilst the fuberous xanthomas occur on
the elbows and knuckles. Xanthomas
are present in childhood in homozygous
FH patients but only appear, if at all,
during adulthood in heterozygous FH
patients. Interdigital xanthomas also
occur and are diagnostic ofhomozygous
FH. Xanthelasmas, which are choleste-
rol deposits on the eyelids i,,r:r" i ' i i i lrn' i:
i I and corneal arci {rr",t. f i : i i lr+l q, "i i  are
nearly always present in homozygous
FH patients but are less frequent in
heterozygotes.

Coronary artery disease (CAD) is
very common in FH patients. The high
serum LDL levels result in increased
atherosclerot ic  p laque format ion.
Untreated, heterozygous, male FH
patients will suffer from CAD before the
age of 50 while females will present with
symptoms l0 years later than this.
Homozygous FH pat ients usual ly
develop CAD before age 30, and in
severe cases cardiovascular disease will
occur during childhood. Aortic valve
stenosis and articular symptoms such as
tendonitis and arthralgias may also
occur in FH homozygotes.

i  : , ,  - , r i i . r , r ' i .  i  i ' ,  i ' l :  i r
: . i  l i , ' , 1  " i ' , , r '  i  r i , ,  l i i , r i . , r ' u ; l i f i i r = r

The main biochemical feature of FH is
s igni f icant ly  ra ised serum tota l
cholesterol and LDl-cholesterol levels.
HDL-cholesterol concentrations are
usual ly  normal  or  reduced,  whi ls t
triglyceride concentrations are usually
normal or slightly elevated {rt,r: frrlf ir i*r
rr.6 Homozygous FH patients have a
more atherogenic lipid profi le compared
to heterozygotes,. who in turn have
higher cholesterol concentrations than
non-FH subiects.
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The genetic defects that cause FH can
be detected us ing standard gene
mutation analysis methods involving
polymerase chain reaction (PCR) and
related technology. The mutations that
occur in the LDL receptor gene can be

Fizure 3: Cornealarci are visible as a white ring around the edge
of the cornea

L
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Figure 1: Xanthomas of the Achilles tendon

Figure 2: Xanthelasnlas (palpebral xanthonras)
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classified into five groups according to
how they affect receptor function (see
Figure 4).r Some mutations can have
more than one effect. Thus, FH Cape
Town-2 reduces LDL binding and
recaptor recycling.
. Class L mutations result in the com-

plete absence ofany receptor protein
due to a block in synthesis of the
receptor within the endoplasmic
reticular compartment of the cell.

. Class 2 mutations result in inhibition
ofthe transport ofthe receptor to the
cell surface. The LDL receptor is
synthesized in the endoplasmic
reticulum ofthe cell and from there
is transferred to the Golgi apparatus.
Vesicles bud off from the Golgi and
transport the receptor to the cell
membrane. The class 2 mutations

Data are means t SDs. *p<0.05 and **p<0.001 compared to the healthy, non-
FH subjects.

Figure 4: The [,])L recellt<>r mutzrtions founcl in Soutli Afiica.

Age (years) 30.7 + 4.2 32.9 + 12.4 24.0 + 9.2

Total cholesterol
(mmol/l)

5 . 1  +  0 . 6 8 . 2  +  1 . 5 + * 1 4 . 9  +  3 . 5 * *

LDL-cholesterol
(mmol/l)

3.4 + 0.6 6 . 6  +  1 . 6 * * 1 3 . 5  +  3 . 5 * *

HDL-cholesterol
(mmol/l)

1.2  +  0 .5 . 1 . 1  +  0 . 3 0.8 + 0.2*

1 .2  r  0 .6 1 .0  +  0 .6 1 .3  +  0 .6
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lead to either a complete (Class 2a)
or partial (Class 2b) block in this
comp lex  subce l l u l a r  t r anspo r t
pathway.

. The class 3 mutations lead to recep-
tors which do not bind their LDL
l i gand .  The  c lass  4  mu ta t i ons
produce functional LDL-binding
receptors but these molecules are
unable to be internalised within the
cell after binding LDL.

. The final class of mutations is class
5 and these produce a receptor that
does not release its ligand after it has
been internalised resulting in the
recaptor being trapped within the
cell and not able to return to the cell
surface.

. The class 4 and 5 mutations disrupt
the receptor  recycl ing pathway
which is  very important  in  main-
taining high levels of functionally
active receptors on the cell surface.

Afrikaner communiqt
The high prevalence of FH in the

Afrikaner community of South Africa
is probably due to a founder effect. The
original colonists who gave rise to the
present Afrikaner population came from
Hol land,  France and Germany and
numbered around 2000. Within this
small community there was, by chance,
a high prevalence of subjects canying
LDL receptor  gene mutat ions.  The
prevalence of FH is far higher in the
Afr ikaner populat ion than in the
European populations from which these
subjects were descended.

Ninety per cent (90%) of cases of
familial hypercholesterolaemia in the
Afrikaner community are due to 3
separate LDL receptor mutations termed
FH Afrikaner-l, -2 and -3.7 The co-
loured population also carry these same
3 mutations plus a fourth mutation that
has been called FH Cape Town-28 e.

Ashkenazi Jewish population of

South Africa
The Ashkenazi Jewish population of
South Africa also have a high preva-
lence ofFH due to a gene founder effect,
although this effect arose in the original
cornmunity of Jewish people living in
Lithuania. Indeed the gene mutation,
termed FH Piscataway that explains
most of the FH in this population is also

found in other  Ashkenazi  Jewish
communities across the worldro.

South African Indian population
Four different LDL receptor mutations
have been found in the South African
Indian populationr. It is thought that like
the Ashkenazi Jews, the high prevalence
of FH in this population is due to a
founder effect that occurred in the
founding populat ion before they
migrated to South Africa from the
Gujerat region of India. The 4 mutations
have  been  te rmed  FH Zamb ia ,
F H Pietermaritzbur g, FH Durban- I and
FH Durban-2.

African population
The African population by comparison,
have a very low prevalence of FH. Two
different mutations have been detected
in African FH patients and these are
known as FH Cape Town-1rr and Pedirz.
However, a recent publication shows
that mutations other than these may
occur in the African populationrr.

The study of the receptor mutations
found in the various South African
population groups has been instrumental
in providing valuable information on
both the structure-function relationships
of the receptor and the control of the
intracellular transport mechanisms
involved in movement of the receptor
to the cell membrane and the subsequent
recycling of the receptor.
(See Figure 4).

TREATMENT OF FAMILIAL

FTI?ERC H OI-ESTEROI-AEMIA5

The treatment of FH is primarily based
on the reduction of LDl-cholesterol
levels. Drug therapy is the major method
used  to  reduce  cho les te ro l  l eve l s
however lifestyle management is also
important particularly with regard to
dietary intake of cholesterol and the
avoidance of other risk factors that
contribute to the development of CAD.
The relative risk of developing CAD is
100 t imes greater  in  subjects wi th
homozygous FH and this compares to a
2 fold higher risk in subjects who smoke
when compared to non-smokers.

Treatment regimens depend upon the
severity of the disease which in turn is
dependent  upon the LDL receptor

mutations. Patients who have an FH
mutation in the homozygous state,
which causes a complete b lock of
receptor synthesis e.g. FH Pietermaritz-
burg wi l l  requi re the most  in tensive
therapy and will have poor prognosis.
Patients who carry a heterozygous
mutation that gives rise to reduced
numbers of functional LDL receptors on
the cell surface e.g. FH Afrikaner-l will
have the best prognosis and will require
less intensive treatment.

In homozygous patients, although
dietary restriction is recommended the
impact on LDl-cholesterol levels is
minimal. In heterozygote FH patients
dietary restriction can result in up to a
15% reduct ion in  LDL levels in  a
compl iant  pat ient .  The Nat ional
Cholesterol Education Program (NCEP)
recommends the fo l lowing d ietary
intakes for patients with FH:rr

Food category Quantity

Cholesterol (mg/day) <200

Total fat (% cal) / - ) -  J )

Saturated fat (o/o cal\ <7

Carbohydrate (% cal) 50-60

Protein (% cal) +15q/o

Diets should be rich in whole grains,
fiuits and vegetables as fibre may have
a cholesterol-lowering effect and these
foods are rich in antioxidants, which
may be cardioprotective.

A number of different drugs are
available that reduce blood cholesterol
levels. The most commonly used are the
statins, e.g. atorvastatin (Lipitor@) and
simvastatin (Zocor@). These agents
reduce cholesterol levels by inhibiting
3 -hydroxy-3 -methyl glutaryl coenzyme
A (HMG CoA) reductase, one of the key
enzymes involved in hepatic cholesterol
synthesis. A newly introduced statin,
rosuvastatin which is not yet available
in South Africa, has been shown to
reduce LDL levels by 40-69%. These
agents have minimal side effects and
stron g cholesterol-lowering activity.

Nicotinic acid (Niacin@) also has
hypocholesterolaemic properties and is
often used as a cheaper alternative to
the statins. The small risk of myositis
from statin therapy is slightly increased
if given in combination with niacin.
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Howeveq the side effects such as nausea
and flushing make this drug a less
popular therapeutic option.

Bile acid sequestrants (resins), e.g.
cholestyramine (Questran@), colese-
velam (Welchol@) reduce re-absorption
ofbile in the intestine and can safely be
used in combination with the statins.
However, the resin should be taken l-2
hours after or 4-6 hours before other
medicat ions because the res in can
reduce absorption of other drugs. The
main drawback of this treatment is that
resins cause constipation and therapy
compliance can become a problem.

The fibrates, including gemfibrozil
(Lopid@) and fenofibrate (Tricor@)
have  a  l i p i d  l ower ing  ac t i on ,  t he
mechan ism o f  wh i ch  i s  no t  f u l l y
understood but may include reduction
in hepatic lipoprotein synthesis. These
agents reduce triglyceride levels and
increase HDL concentrations but do not
always effect LDL levels. Fibrates also
produce gastric symptoms.

Probucol was introduced as a lipid
lowering agent in the early 1980s. It has
mild LDl-lowering effects but also
reduces HDL levels, which reduces the
utility of this drug. It has been found
effective at reducing xanthoma size by
promoting cholesterol efflux.

A  new,  power fu l  cho les te ro l -
lower ing agent ,  which is  not  yet
available in South Africa has recently
been int roduced for  t reatment  of
hypercholestero laemia.  Ezet imibe
specifi cally blocks intestinal cholesterol
absorption and in clinical trials was able
to reduce LDL levels by 15-20%. ln
combination with statin therupy an 180/o
reduction in serum LDL concentrations,
above that induced by the statin alone,
was observed.'o

In homozygous FH patients with
some residual LDL receptor function
cholesterol-lowering agents may have
some use in conjunction with bile acid
sequestrants or niacin and reduction of
dietary cholesterol intake. In FH patients
wi th no receptor  funct ion,  more
aggressive treatment is required. These
include apheresis to filter out the LDL
particles from the blood. This is carried
out every one or two weeks but is
expensive and not available to most
South Afr ican FH pat ients.  L iver
transplantation can also be performed
to provide a source of functional hepatic
LDL receptors, but this is very rare due

to the adverse complications of major
organ transplantation and continual
immunosuppression.

Portacaval anastomosis have been
used for treating FH homozygotes and
have produced up to a 50oh reduction
in  LDL  l eve l s  and  reg ress ion  o f
xanthomas. The mechanism by which
this occurs is not known.

The prognosis for many homozygous
FH patients in South Africa is poor.
Improvements in therapy, including
advances in gene replacement may hold
some hope for the future. Gene therapy
has been used to treat FH patientsrs
leading to significant reductions in LDL
levels, which were unfortunately not
sustained. Advances in gene replace-
ment technology are necessary and
at ta inable and gene therapy may
eventually be the one treatment capable
of restoring complete LDL receptor
function in patients with homozygous
FH mutations.

CONCLUSIONS

Familial hypercholesterolaemia is a
devastating disease, particularly in the
homozygous form. However, a large
body of medical and biochemical data
is now available and this knowledge has
allowed the development of genetic
screening techniques and new forms of
therapy that have led to more effective
management of  FH pat ients and a
concomitant reduction in CAD and
mortality rates. Genetic diagnosis of FH
has been a major break through and has
allowed the development of population
screening programmes, pre-clinical
diagnosis and early introduction ofdrug
therapy'6. Furthermore, genetic counsel-
ling of families is now available and is
recommended for all FH patients to
inform them ofthe disease risk in their
offspring.

D e s p i t e  t h e s e  a d v a n c e s  i n  o u r
knowledge premature mortality in FH
patients is high. However, new develop-
ments in both drug and genetic therapy
hold hope for the future and will lead to
further improvements in the quality of
life and the prevalence of CAD in FH
patients.D

Please refer to CPD Questionnaire
on page 56.
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