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Familial hypercholesterolaemia in children

D PAUL NICHOLLS

Abstract
amilial hypercholesterolaemia (FH) affects about
Fone in 500 in the UK population. There are no
symptoms or signs of raised cholesterol in children
and so individuals can only be identified by screening,
usually as a ‘cascade' from known probands. Once
identified, such children should be treated to prevent

premature atherosclerosis. $—>
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Familial hypercholesterolaemia (FH) is probably the commo

single gene disorder, with an assumed prevalence in th pop- \\\D Pa @)

ulation of about one in 500. This means that the e’sec-

N
ondary school probably has three or four{)g).b |th \<

Compared with FH, the other lipid disorders chlldh (\,

(table 1) are all very rare. @:!Ie 1. Lipid disorders in childhood
The clinical diagnosis of FH is conflr VAN )

high cholesterol levels (> 7.5 mmo |rst- o d- degr - .

relatives and the presence of tend n ho , fig eé/ fthﬁrog.en'c :

amilial hypercholesterolaemia

in at least one member of the(a‘-m( | natjy y, 'd tiffsa- ® Familial combined hyperlipidaemia

tion of a functional genetic defe u ® Remnant (type Ill) hyperlipidaemia
Without effective treatment, F aI ag o 40 ® Apolipoprotein A1-Clil deficiency

years are 100 times more I|ker t velo ry artery o Lecithin:choles‘terol acy! transferase (LCAT) deficiency

disease than unaffected normals,® compa a risk ratio ®  Hyperapobetalipoproteinaemia

Qee for cigarette Non-atherogenic

® Tangier disease

of three to six for diabetes* and two (Oﬁ/t
smoking.® Clearly the identificatior” ant/treatment of FH o
at a younger age would be of benefit;\but random screening O
of the population would not be cost-effective. Cascade °
targeted screening from known affected individuals has been

Fish-eye disease
Lipoprotein lipase deficiency
Apolipoprotein CllI deficiency

Possibly protective against atherosclerosis

recommended in the 2003 White Paper Our Inheritance, Our e A- or hypobetalipoproteinaemia
Future. It is likely that increasing numbers of children will ® Hyperalphalipoproteinaemia
be found to be affected, and this raises management and treat-

ment issues.

Genetics of FH
FH is inherited as an autosomal co-dominant disorder, which
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order cannot 'skip' a generation. In certain populations of the
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Figure 1. a: shows tendon xanthomata and a coronary artery bypass grafting scar in an adult with heterozygous familial hypercholesterolaemia due to an
intron splicing defect in the LDLR gene, ¢.1845+11c>g;® b: shows Achilles tendon thickening in the same patient. Note that in children, these
signs are only observed in homozygous familial hypercholesterolaemia

world in whom the gene pool is more restricted, such
Afrikaaners, French Canadians and Lebanese, the prevalence o)
FH is much greater, up to one in 50 of the population be
affected. In the majority of cases, the fault lies in the ge
ing for the low-density lipoprotein receptor (LDL ich is
responsible for the catabolism of ApoB-contaifii

With only half the normal number of functigii

able, circulating plasma cholesterol levels ar

bled and there is a marked predispositi

artery disease.

‘i‘ 0 -
na
The gene encoding the LDLR @c ro
i m ee tt
www.ucl.ac.uk/fh; http://wwwsad.

and nearly 800 mutations (hav

defect varies but can be identified in 90 0 of m es.’? In
about 10% of families, the problem mis: tation in
the ligand for the LDLR, ApoB (R3500Q).” families, no
genetic abnormality can be defined, desp<e</ presence of ten-

don xanthomata (TX) in the family.? Q\

Homozygous FH
In theory, if an individual with HeFH meets by chance another
individual with HeFH, then one in four of their offspring would
have homozygous FH (HoFH). This would give a prevalence of
one in 500 x 500 x 4 in the population, i.e. 1 in 10°. In practice,
HoFH is much rarer than this in the UK and there are currently no
individuals with HoFH in Ireland (population > 5 million). In other
areas with restricted gene pools, such as Lebanese Christians in
whom first-cousin marriages are common, HoFH becomes a real
possibility.t

HoFH is a serious disease, with a virtual absence of function-
ing LDLRs, cholesterol levels of > 20 mmol/L, premature athero-
sclerosis, TX in childhood, and death in the second or third
decade if untreated. Drug treatment is unsatisfactory except for
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cho bsorp&v ibitor ezetimibe,® and LDL-aphere-
s |s nstay 0 tment.* Liver transplantation has been

nat S and direct injection into the portal vein
0 L R -en comblnant retroviruses has also been per-

(§ R

|s of FH in childhood

ren with HeFH, there are no symptoms or signs, and so
iagnosis can only be made by blood testing. Although nor-
al ranges for total and LDL-cholesterol in children have been
publ|shed * there is considerable variability and hence overlap
between affected and unaffected individuals.** Genotyping is
much more satisfactory, when the LDLR defect for the family has
been characterised, but the test is not as yet widely available.
This may change in the near future with the increasing availabil-

ity of 'chip' technology.

Individual children with HeFH are exposed to inappropriately
high cholesterol levels from birth or before but, in practice, treat-
ment is rarely possible before school age. At that stage, when a
child is aged four to five, it is very helpful to know whether
he/she is affected as there is an opportunity to teach healthy eat-
ing (see below). Alternatively, knowing that the child is not
affected can be very reassuring. Research has shown that there
are no negative psychological features associated with this
knowledge, either in the child or the parents.*

Treatment of FH in children

Treatment of HeFH in childhood is recommended because the
adverse long-term effects of severe hypercholesterolaemia have
been well described.* In addition, there is direct evidence that
there is endothelial dysfunction in young people with HeFH,*
which is reversible,”” and evidence of carotid artery damage,*®
and so the process of atherosclerosis has already started. The
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treatment of affected children should be supervised by a lipid
clinic in view of the complex issues involved.*

As with adults, initial advice is on diet but this can be prob-
lematic in childhood, not least because of school meals! Very low
fat or low cholesterol diets are inappropriate and potentially
harmful. The best that can be achieved in terms of cholesterol
reduction with a 'healthy diet' is about 15%, and this is not
enough to normalise levels in patients with FH. Nevertheless, this
is a good time to teach children the principles of a healthy diet,
with more emphasis on cereals and fruit, and viewing fries,
sweets, crisps and so on as occasional treats rather than the
mainstay of their diet.

A recent study from the Simon Broome Association® identi-
fied male sex and cigarette smoking as the two most important
factors in determining prognosis in patients with HeFH. Affected
children should be left in no doubt that it is imperative that they
never start smoking, whatever the peer pressures to do so. Apart
from this, though, they should regard themselves as being nor-
mal in every way. HeFH, particularly if well treated, is no bar to
any sport, no matter how intense — most of the sudden deaths
on sports fields are due to cardiomyopathy rather than prema-
ture coronary artery disease.*

There remains controversy on when to initiate drug treal <</

ment. It is important to consider all the variables before makin
such a decision. In particular, if there is a very strong hisfo
e

premature coronary artery disease in the family, the rea-
sonable to start treatment early, as soon as dietaryé%y tion
i

has been given a chance. If, on the other hand, tlie ly histe
ry is relatively benign then drug treatment c% erred
ut th

later.

able in the quantity required to effec 0
reduction, and are now outmodeo ibra low: @/
preparation (Lipantil Micro 67®) ed f %ﬂ childen but
is only moderately effective. TheNiOst effec rugﬂa re
the statins. Studies in children have coifirmed e : oles-
terol reduction without any observed Mts o] m or devel-
opment.?** |n the UK, pravastatin is Iicens% in children
with HeFH from the age of eight years %ﬂreduced dose of
10-20 mg daily, and from 14 years at g. Atorvastatin is
licensed from ages 10-17 years at the '40-20 mg dose. Other
statins are not yet licensed for use in children with HeFH. Girls
should be told not to conceive whilst on a statin. The cholesterol
absorption inhibitor ezetimibe is not recommended for children
under 10 years, unless they have HoFH.®

Conclusions

HeFH should be actively sought and treated in children. As it is
thought that the main risk in HeFH derives from the inappropri-
ate elevations of LDL cholesterol, and children have been
exposed to such increases from or before birth, then it is hoped
that early aggressive treatment will prevent the development of
premature atherosclerosis. If cholesterol levels are normalised,
then there is no reason why the individual should be barred from
active jobs or sports, and no reason why they should not be
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E) Key messages

® Familial hypercholesterolaemia (FH) affects about one in
500 of the UK population

® Affected children have evidence of premature
atherosclerosis

Affected children should be identified and treated

The cardiovascular risk of FH can be reduced by effective
treatment

accepted for life insurance at standard rates. By an active screen-
ing policy the tEeat of FH could be greatly reduced.
e

confct
MO

est

Refexerttes %
teridg “Bréome K,\Durhngton PN et al. Risk of fatal coronary
rtery n fa percholesterolaemia. Scientific Steering
Comm

n beh \ Simon Broome Register Group. BMJ 1991,
308:
mmittee on behalf of the Simon Broome Register

2. Sciendfic Steerifiy
up. M % treated heterozygous familial hypercholesterolaemia:
implicati Inical management. Atherosclerosis 1999;142:105-15.

GrahQ “Mcllhatton BP, Kirk CW et al. Genetic screening protocol
for_famiiial hypercholesterolaemia which includes splicing defects gives
irmoroved mutation detection rate. Atherosclerosis 2005;182:331-40.
g SP, Swerdlow AJ, Slater SD et al. The British Diabetic Association

Q@hort Study, I: all-cause mortality in patients with insulin-treated dia-

Resins were used in children in the past; ey r@\agt-
signifi@ este f&

etes mellitus. Diabet Med 1999;16:459-65.

5. Tunstall-Pedoe H, Woodward M, Tavendale R et al. Comparison of the
prediction by 27 different factors of coronary artery disease and death in
men and women of the Scottish heart health study: cohort study. BMJ
1997;313:722-9.

6. Goldstein JL, Brown MS. Familial hypercholesterolaemia: identification of
a defect in the regulation of 3-hydroxy-3-methylglutaryl coenzyme A
reductase activity associated with overproduction of cholesterol. Proc
Nat Acad Sci USA 1973;70:2804-08.

7. Tybjaerg-Hansen A, Humphries SE. Familial defective apolipoprotein B-
100: a single mutation that causes hypercholesterolaemia and premature
coronary artery disease. Atherosclerosis 1992;96:91-107.

8. Kachadurian AK. The inheritance of essential familial hypercholes-
terolemia. Am J Med 1964;37:402-07.

9. Gagne C, Bays HE, Weiss SR et al. Ezetimibe Study Group. Efficacy and
safety of ezetimibe added to ongoing statin therapy for treatment of
patients with primary hypercholesterolemia. Am J Cardiol 2002;90:
1084-91.

10. Thompson GR, Miller JP, Breslow JL. Improved survival of patients with
homozygous familial hypercholesterolaemia treated with plasma
exchange. BMJ 1985;295:1671-3.

11. Bilheimer DW, Goldstein JW, Grundy S et al. Liver transplantation to pro-
vide low-density lipoprotein receptors and lower plasma cholesterol in a
child with homozygous familial hypercholesterolemia. N Engl J Med
1984;311:1658-62.

12. Grossman M, Raper SE, Kozarsky K et al. Successful ex vivo gene ther-
apy directed to liver in a patient with familial hypercholesterolaemia.
Nature Genet 1994;6:335-41.

13. Christensen B, Glueck C, Kwiterovich P et al. Plasma cholesterol and
triglyceride distributions in 13,665 children and adolescents: the prev-
lence study of the Lipd Research Clinics Program. Pediat Res

193




14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

194

1980;14:194-202.
Ward AJ, O'Kane M, Nicholls DP et al. A novel single base deletion in
the LDLR gene (211delG): effect on serum lipid profiles and the influence
of other genetic polymorphisms in the ACE, ApoE and ApoB gene.
Atherosclerosis 1996;120:83-91.

Marteau T, Senior V, Humphries SE et al. Psychological impact of genet-
ic testing for familial hypercholesterolemia within a previously aware
population: a randomized controlled trial. Am J Med Genet
2004;128A:285-93.

Sorensen KE, Celemajer DS, Georgakopoulos D et al. Impairment of
endothelium-dependent dilation is an early event in children with fami-
ial hypercholesterolemia and is related to the Lipoprotein (a) level. J Clin
Invest 1994;93:50-5.

De Jongh S, Lilien MR, Op't Roodt J et al. Early statin therapy restores
endothelial function in children with familial hypercholesterolaemia. J
Am Coll Cardiol 2002;40:2117-21.

Wiegman A, de Groot E, Hutten BA et al. Arterial intima-media thick-
ness in childhood. A study in familial hypercholesterolaemia hetero-
zgotes and their siblings. Lancet 2004;363:369-70.

Greene O, Durrington P.  Clinical management of children and young
adults with heterozygous familial hypercholesterolaemia in the UK. J
Roy Soc Med 2004;97:226-9.

Neil HAW, Seagroatt V, Betteridge DJ et al. Established and emerging-
coronary risk factors in patients with heterozygous familial hypercholes-
terolaemia. Heart 2004;90:1431-7.

Maron BJ, Shirani J, Poliac LC et al. Sudden death in young competitive
athletes. Clinical, demographic and pathological profiles. JAMA
1996;276:199-204.

Knipscheer HC, Boelen CC, Kastelein JJ et al. Short-term efficacy and
safety of pravastatin in 72 children with familial hypercholesterolemi
Pediatr Res 1996;39:867-71.

Lambert M, Lupien PJ, Gagne C et al. Canadian Lovastatin in £hil
Study Group. Treatment of familial hypercholesterolemia in M@'I and
adolescents: effect of lovastatin. Pediatrics 1996;97:619:28.

Stein EA, lllingworth DR, Kwiterovich PO Jr et al. Effi
lovastatin in adolescent males with heterozygous fa
terolemia: a randomized controlled trial. JAMA
de Jongh S, Ose L, Szamosi T et al. Efficacy al
in children with familial hypercholesterolemia:
blind, placebo-controlled trial with sim\Qm. irc

2231-7. @

McCrindle BW, Ose L, Marais AD. E
children and adolescents with familia
hyperlipidaemia: a multicenter, r i

Pediatr 2003;143:74-80.

\

)

7

References: 1. Farber HW, et al. The New England Journal of
Medicine; 2004; 351: 1655-65 2. Tracleer® SmPC — January 2006

Tracleer Abbreviated Prescribing Information
(Please refer to the full SmPC before prescribing)

®
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Uses Treatment of pulmonary arterial hypertension (PAH) to improve exercise capacity and symptoms in
patients with grade Il functional status. Efficacy has been shown in Primary PAH & PAH secondary to
scleroderma without significant interstitial pulmonary disease. Dosage and administration Treatment
should only be initiated and monitored by a physician experienced in the treatment of pulmonary arterial
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125mg BD. No data are available in children under 3 years. Contraindications Hypersensitivity to Tracleer
or any of the excipients, moderate to severe hepatic impairment, baseline values of liver
aminotransferases (AST and/or ALT), greater than 3 times the upper limit of normal, concomitant use of
cyclosporine A, pregnancy, women of childbearing potential who are not using a reliable (barrier) method
of contraception (see later). Special warnings and special precautions The efficacy of Tracleer has not
been established in patients with severe pulmonary arterial hypertension. Transfer to a therapy that is
recommended at the severe stage of the disease (e.g., epoprostenol) should be considered if the clinical
condition deteriorates. The benefit/risk balance of Tracleer has not been established in patients with WHO
class | or Il functional status of PAH. No studies have been performed in secondary PAH other than related
to connective tissue diseases (primarily scleroderma). Tracleer should only be initiated if the systemic
systolic blood pressure is higher than 85 mmHg.

Liver function Elevations in Tiver aminotransferases, i.e., aspartate and alanine aminotransferases {AST
iated with Tracleer are dose dependent. Liver enzyme changes typically occur within
tment. Recommendations are as follows:

levels must be measured prior to initiation of treatment and subsequently at

inotransferaspeqatment should be stopped (>5 and <8 ULN) or dose
should onl! d if the p ial tr benefi igh the
e

&/els are within pre-treatment values. The advice of a

sa
epatologist isffe st then be checked within 3 days after re-introduction,

liver aminotr;
ed. AST] le
\ n again after 2 ks, and thegeaftégaccdfding to the recommendations above.
oIn case um'ate cIini%iNn f liver injury, or a >8 ULN rise in liver aminotransferases,
e d

-intiqduction of Tracleer is not to be considered.

treatment

Wr was associated with a dose-related, modest decrease in
ecYeases are not progressive, and stabilise after the first 4 — 12 weeks of
at haemoglobin concentrations be checked prior to initiation of treatment,
hs, and quarterly thereafter. Use in women of childbearing potential Not to be
bearing potential unless they practise reliable contraception and have a
pregnancy test. Monthly pregnancy tests during are recommended. Pulmonary
waet (PVOD) Cases of life threatening pulmonary oedema have been reported with

prostacyclin) when used in those patients. Should signs of pulmonary oedema occur
the possibility of associated veno-occlusive disease should be considered. There have
reports of pulmonary oedema in patients treated with Tracleer who had a suspected diagnosis
. MAH patients with concomitant left ventricular failure No specific study has been performed. It
ommended that patients be monitored for signs of fluid retention. Should this occur, treatment with
s is recommended, or the dose of existing diuretics should be increased. Treatment with diuretics
ould be considered in patients with evidence of fluid retention before the start of treatment with
Tracleer. Glibenclamide Not recommended, due to an increased risk of elevated liver aminotransferases.
Fluconazole Not recommended. Concomitant administration of both a CYP3A4 inhibitor and a CYP2C9
inhibitor should be avoided. Pregnancy and lactation: Tracleer is contraindicated in pregnancy, and must
be considered a human teratogen. Tracleer may render hormonal contraceptives ineffective. Women of
childbearing potential must use a reliable alternate method of contraception during, and for 3 months after,
treatment. Monthly pregnancy tests during treatment are recommended. Use during lactation Not
recommended. Ability to drive and use machines Tracleer may cause dizziness, which could influence the
ability to drive or use machines. Side effects All Placebo Controlled Trials In eight placebo-controlled
studies, 6 of which were for indications other than PAH, a total of 677 patients were treated with Tracleer
at daily doses ranging from 100mg to 2000mg and 288 patients were treated with placebo. The foreseen
treatment duration ranged from 2 weeks to 6 months. The adverse drug reactions that occurred more
frequently with Tracleer than with placebo (in =3% of Tracleer-treated patients, with =2% difference) were
headache (15.8% vs. 12.8%), flushing (6.6% vs. 1.7%), abnormal hepatic function (5.9% vs. 2.1%), led
oedema (4.7% vs. 1.4%), and anaemia (3.4% vs. 1.0%), all of which were dose related. Placebo Controlled
trials in PAH At a Tracleer dose of 125 or 250mg BD the following adverse drug reactions that occurred in
> 3% of patients, and more frequently in patients on Tracleer, were:
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Adverse event Placebo (n=80) Tracleer (n=165)

No. % No. %
Upper respiratory tract infection 9 1 20 12
Nasopharyngitis 6 8 18 11
Pneumonia 1 1 5 3
Oedema lower limb 4 5 13 8
Palpitations 1 1 8 5
Oedema 2 3 7 4
Dyspepsia 0 0 7 4
Dry Mouth 1 1 5 3
Headache 16 20 36 22
Flushing 4 5 15 9
Hypotension 3 4 n 7
Pruritus 0 0 6 4
Fatigue 1 1 6 4
Hepatic Function Abnormal 2 3 14 8

Treatment discontinuations due to adverse events were less frequent in Tracleer- than placebo treated
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was 12.7% in Tracleer-treated patients (N = 165), 11.6% in patients treated with 125mg BD and 14.3% in
patients treated with 250mg BD. Eight-fold increases were seen in 2.1% of PAH patients on 125mg BD and
7.1% of PAH patients on 250mg BD. Haemoglobin The mean decrease in haemoglobin concentration from
baseline to trial completion for the Tracleer- and placebo-treated patients was 0.9 g/dl and 0.1 g/dI
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