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Abstract Atherosclerosis begins in childhood with the formation of fatty streaks.

Early plaques can be found in adolescence and early coronary disease can be
found in young adults. It has been suggested that early treatment may lead to
great benefits in later life. This article is a narrative review of the role of lipid-
lowering drug therapy in paediatric practice.

Increased rates of atherosclerosis are known to occur in children with
familial hypercholesterolaemia (FH), especially in homozygotes. There is
evidence for the efficacy and safety of lipid-lowering therapies in children,
particularly with respect to the effects of HMG-CoA reductase inhibitors
(statins) on lipids and, to a limited extent, on other surrogate measures of
atherosclerosis in patients with FH. Diagnosis of FH and its early treatment
are recommended in all guidelines. Lipid-lowering drug therapy is recom-
mended for the treatment of homozygous FH at all ages and from as young as
10 years of age for the treatment of heterozygous FH when there is a family
history of very premature coronary heart disease (occurring at age <40 years).

Controversy exists about other possible indications. Increased rates of
atherosclerosis are seen in autoimmune disorders, including type 1 diabetes
mellitus, systemic lupus erythematosus and Kawasaki’s disease, and in
transplant recipients. All evidence in these areas is derived by extrapolation
from studies in adults. These disorders can be divided into those for which
percutaneous coronary intervention is performed early and/or for which
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drugs used to treat the primary disorder increase the rate of atherosclerosis,
and those for which this is not the case. In both cardiac transplantation and
Kawasaki’s disease, increased atherosclerosis can occur as a result of
(1) disease-related vasculopathy; or (ii) increased restenosis secondary to inter-
ventions. Statins have a good evidence base for reducing rates of re-occlusion
following coronary artery procedures, and this justifies their use in these
settings. In renal transplantation, statins may have a role to play in patients
with persistent dyslipidaemia and additional cardiovascular risk factors. In
other disorders, such as type 1 diabetes, the disease process is atherogenic
and thus statins may be justified in patients with a long history of disease
(>10 years), poor control, and evidence of vascular or endothelial damage or
additional cardiovascular risk factors.

There is a role for lipid-lowering therapies in children at high risk
of atherosclerosis, but the evidence base outside of FH is weak. Lipid-
lowering therapy should be prescribed to all children with homozygous or
severe heterozygous FH. Based on adult evidence, statin therapy should be
considered in patients who have undergone coronary artery procedures or
received cardiac transplants, in whom their primary role is to prevent vas-
cular re-occlusion. In diseases associated with a chronic increased atherogenic
risk, such as type 1 diabetes, statins should be considered in high-risk cases
where additional cardiovascular risk factors are present.

At present, the most important need is for trials to be performed in chil-
dren using accepted surrogate endpoints to define whether lipid-lowering

drug therapy is beneficial in this group.

The role of lipid-lowering therapy is well
established in adults, in whom it is accepted that
the presence of established atherosclerotic dis-
ease, its risk equivalents such as diabetes mellitus,
or a calculated cardiovascular risk of >20% over
the next decade are indications for the prescrip-
tion of anti-atherosclerotic drug therapy.!!-?!
However, such considerations are impossible to
apply in children and adolescents as the risk of
cardiovascular disease (CVD) never exceeds 20%
in these groups simply because atherosclerosis
is principally driven by age.’] Thus, any con-
sideration for treatment in children or adoles-
cents relies on relative cardiovascular risk and
forward projection of any risk to adulthood.
There are established protocols for the in-
vestigation and diagnosis of hyperlipidaemia in
children.® The risks of early adult disease are
considered significant in a small subgroup of
conditions: genetic hyperlipidaemias, auto-
immune disorders and organ transplants.[’!
Although the individual prevalence of these dis-
orders is small, ranging from 1 in 500 to 1 in 1000,
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in sum they could add up to approximately 1% of
all children/adolescents. As a result of this, the
American Academy of Pediatrics has suggested
that atherosclerosis modifying therapies should
be considered in some circumstances.’ The basis
of these recommendations is that while absolute
CVD risk may be low in each case because of low
age, as these individuals proceed to adulthood
their life expectancy will be grossly shortened by
their genetic, autoimmune or acquired diseases
and, thus, their absolute CVD risk will rapidly
exceed treatment thresholds of >20% per decade
in young adulthood if relative risk modifiers act
uniformly on background risk factors. The re-
commendations are also based on the extrapola-
tion of long-term safety and efficacy data, mostly
derived from adult populations, to children and
adolescents, which is controversial.l}

This review focuses on the role of antihyper-
lipidaemic agents in the paediatric setting. However,
it should be noted that treatment of athero-
sclerotic risk, especially in patients with diabetes, is
multimodal and may comprise simultaneous
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prescription of antithrombotics (e.g. aspirin
[acetylsalicylic acid]) and antihypertensive drugs
(e.g. ACE inhibitors).

1. Cardiovascular High-Risk Groups in
Children

Atherosclerosis begins in childhood, with fatty
streak development being obvious by age 6 years,
but there are data to show that the fetus of
hypercholesterolaemic mothers may show earlier
changes even in utero.”’V Postmortem studies such
as the PDAY (Pathobiological Determinants of
Atherosclerosis in Youth) study show that sig-
nificant disease is present in adolescents by age
20 years, with 35% of individuals having a 25%
coronary artery stenosis by early adulthood.[®]
In the PDAY study, the principal determinants of
accelerated progression of atherosclerosis were
obesity, smoking, hyperlipidaemia and insulin
resistance. Increasing attention is being paid to
the role of environmental risk factors in driving
the progression of atherosclerosis. Obesity is a
recognized problem throughout all age groups;
however, rates of childhood obesity are increas-
ing quickly because of changes in lifestyle, cul-
tural precepts and decreased exercise.'%) The
greater availability and aggressive marketing of
foods with high saturated fat content and in-
creasingly high carbohydrate content, allied with
the use of high glycaemic index products and
supplementation of processed food stuffs with
high fructose corn syrup, are changing lifestyle
habits. Many of these food components seem
to have addictive features and all are marketed to
children. Smoking rates, although reducing
in adults, are also increasing in some countries in
children and adolescents.'!] Similarly, rates of
adrenergic drug abuse, again once confined to the
adult population, are increasingly being seen in
adolescent populations.[!?]

2. Familial Hypertriglyceridaemias

Dyslipidaemia is known to occur in childhood
and to be associated with adverse prognosis.['3-14
The treatment for type I hyperlipidaemia (famil-
ial chylomicronaemia) is well established and the
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principal reason for such treatment is to reduce
the prevalence of pancreatitis and secondary
B-cell failure-induced diabetes.['>!"1 However,
fibrates (fibric acid derivatives), the principal
drugs used to treat hypertriglyceridaemia, show
little efficacy in type I hyperlipidaemia and phy-
sicians must resort to plasmapheresis. Type V
hyperlipidaemia is less common in children and
there are few studies of lipid-lowering drugs in
this population.['3] However, given its lesser se-
verity and its age dependency for expression of
the phenotype, it is likely that type V hyperlipi-
daemia would respond to fibrate, omega-3 fatty
acid and/or niacin therapy. In familial combined
hyperlipidaemial'®! or remnant hyperlipidaemias,
unequivocal diagnosis of affected individuals is
dependent on environmental interactions, mak-
ing these conditions difficult to diagnose prior to
adulthood.['*2%1 There is no consensus on whe-
ther children with familial combined hyperlipi-
daemia or remnant hyperlipidaemias should be
treated prior to adulthood, even in families where
the diagnosis can be established.

3. Familial Hypercholesterolaemia

In contrast to hypertriglyceridaemia, hyper-
cholesterolaemia in children is both well de-
fined and has some evidence base for treatment.
Children with familial hypercholesterolaecmia
(FH) have an earlier onset of endothelial dys-
function, coronary calcification and other mar-
kers of atherosclerosis than children with family
histories of CVD but without FH.[21"23] Indeed,
children with homozygous FH can develop
symptomatic coronary heart disease (CHD) prior
to teenage life, and some children with severe
heterozygous FH develop CHD in their early
adult lives.”l The Simon Broome Register col-
laboration showed that relative risk in in-
dividuals with untreated FH was increased
100-fold in men and 200-fold in women aged
20-40 years, and 50% had a CHD event prior to
the age of 50 years.*”! After allele dose, the
principal determinant of risk in individuals with
FH is the age of onset of CVD in the family,
not the plasma low-density lipoprotein choles-
terol (LDL-C) concentration.?! Treatment of
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adult heterozygous FH reduces mortality by
80%,?%1 while studies of individuals with homo-
zygous FH show that a mixture of maximal
drug therapy allied to apheresis can reduce
coronary artery disease progression.”! There is
evidence supporting the use of lipid-lowering
drugs in children with FH, based on both lipid
and surrogate endpoints (see section 9). Thus,
many guidelines recommend that children of
families with a history of FH be screened for
diagnostic purposes between the ages of 6 and
10 years and that treatment with lipid-lowering
drugs is started in the highest risk individ-
uals.[12:30:311 The latter category is usually stated
as comprising children with homozygous FH
and children from families in which the age of
onset of CHD is <40 years, although many clin-
icians are more conservative with respect to the
latter group and treat if the age of onset of CHD
is <30 years in affected men and <40 years in
affected women.3?!

4. Cardiovascular Disease in Diabetes
Mellitus

Although treatment of genetic hyperlipidae-
mias in childhood is well established, CVD risk is
also increased in other patient groups. Type 1
diabetes has an age of onset of 5—-15 years and is
driven by autoimmune destruction of pancreatic
B cells. The disorder is increasing in prevalence
for reasons that remain unclear. Type 1 diabetes
is associated with a number of factors that drive
progression of atherosclerosis, including im-
paired renal function, hypertension, dysglycae-
mia, inflammation and autoimmunity.B33-34
Many studies have shown increased carotid in-
tima media thickness in children with type 1 dia-
betes and a small but significant incidence of
early-onset CHD.33 Based on data from adults,
it is estimated that the risk of CVD is increased
by 10- to 40-fold in individuals with type 1
diabetes.[3>-361 Although the risk of CVD is in-
creased, there are no trials of the effects of statins
or other lipid-lowering drugs on surrogate or
clinical endpoints in type 1 diabetes. Data from
epidemiological studies suggest that the risk of
CVD in type 1 diabetes is driven more by poor
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glycaemic control, hypertension and nephro-
pathy than by lipids.’”! Thus, the role of statin
therapy is secondary and may be limited to pa-
tients with a young age of onset of disease, more
than 10 years’ duration of disease, poor control
and evidence of target organ damage or addi-
tional cardiovascular risk factors (e.g. smoking).
Fibrates may have additional beneficial effects on
microvascular diseasel*® but there are no data as
yet to support their use in childhood diabetes.

The world epidemic of obesity is not only
further driving the rate of progression of type 1
diabetes but is also leading to the earlier diagnosis
of type 2 diabetes. Cases of type 2 diabetes used
to be rare in childhood and were often associated
with the presence of genetic mutations associated
with the development of maturity-onset diabetes
of the young.’?*! These days, cases of diabetes
simply associated with environmental and famil-
ial risk factors allied with gross obesity are rou-
tinely seen in subjects aged 10-20 years. The
evidence base for treatment of lipids in adults
with type 2 diabetes is extensive but is limited by
trial recruitment criteria of age >40 years and a
>5-year (usually 10-year) history of diabetes;
these make for difficulties extrapolating the data
to children. However, such trials show convin-
cing benefits for statin therapy®’! and a possible
role for fibrates based on effects on a secondary
endpoint.*!] Obesity is associated with a greater
severity of renal failure, and, if significant pro-
teinuria is present, renal disease is associated with
accelerated rates of atherosclerotic disease; how-
ever, there are suggestions that fibrates may re-
duce rates of microvascular disease.[*! There may
be a role for statins in the treatment of rare in-
dividuals with young-onset type 2 diabetes prior
to adulthood.

5. Cardiovascular Risk in Organ
Transplantation

The American Academy of Pediatrics guide-
linesP! recommend early treatment of hyperlipi-
daemia after organ transplantation in all age
groups. Increased cardiovascular risks are often
seen after renal and cardiac transplantation, even
in children.[*?-*4 Moderate-dose statins reduce
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coronary artery transplant vasculopathy in pa-
tients with cardiac transplants*’l and are safe in
children.[9] Both transplantation and its treat-
ment with ciclosporin (cyclosporine), more than
other immunosuppressants, are associated with
increased rates of transplant vasculopathy and
atherosclerosis.*’”! Additional risks are found
with the use of prednisolone, which causes mixed
hyperlipidaemia and is diabetogenic. Statins have
been shown to reduce atherosclerosis after cardiac
transplantation in adults, but the effects follow-
ing renal transplantation are less clear.%4° Re-
cently, in the AURORA (A study to evaluate the
Use of Rosuvastatin in subjects On Regular
haemodialysis: an Assessment of survival and
cardiovascular events) study of patients with
chronic renal failure, rosuvastatin had no effect
on cardiovascular endpoints,®” while earlier data
from the 4D (Die Deutsche Diabetes Dialyse)
study in patients with diabetes on dialysis had
shown minimal benefits with atorvastatin.[!l
However, both these studies excluded patients
with renal transplants, demonstrating only that
statins had little cardiovascular benefit in pa-
tients with well established, end-stage renal dis-
ease. Studies in renal transplant populations are
far more limited and are open to criticism on
the grounds that they used a low efficacy, weak
statin. In the SOLAR (Study Of Lescol in Acute
Rejection) trial, fluvastatin had no effect on
rejection events,!>?! while in the ALERT (Assess-
ment of LEscol in Renal Transplantation) study
of patients with renal transplants, a 35% reduc-
tion in cardiovascular events was seen.>334 The
SHARP (Study of Heart And Renal Protection)
study of adult renal impairment associated with
use of a combination of simvastatin and ezeti-
mibe includes a subgroup of renal transplant
patients,*> but given the results of other studies
in established renal disease and the controversial
results with simvastatin/ezetimibe therapy in aortic
stenosis,[*®37! this study, when completed, may
not clarify the role of lipid lowering in this group.

Thus, current data suggest that statin therapy
has a role in cardiac transplantation because trans-
plant vasculopathy leads directly to coronary
atherosclerosis in this condition. The data in renal
transplantation are less clear and statins should
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remain a second-line therapy for those with per-
sistent hyperlipidaemia, recurrent rejection epi-
sodes and in whom corticosteroid-minimization
and/or switch of immunosuppressants to agents
that cause less dyslipidemia are not possible.[*®]

6. Cardiovascular Risk in Autoimmune
Disease

An additional population at high cardiovas-
cular risk is patients with autoimmune diseases.
Increased risks are seen in patients with psoriasis
and ankylosing spondylitis, and the risks are even
greater in patients with rheumatoid arthritis or,
in particular, systemic lupus erythematosus
(SLE), where the risk is increased 8- to 16-
fold.[3%-%91 Autoimmune diseases are generally
rare in childhood with the exception of diabetes
and Kawasaki’s disease. The onset of Kawasaki’s
disease is in the teenage years and the disorder is
associated with dyslipidaemia and other cardio-
vascular risk factors that persist after statin
therapy.l®1:921 Kawasaki’s disease is also asso-
ciated with development of aneurysms and thus
an increased risk of atheroembolic events. There
is no evidence that lipid-lowering drugs have any
effect on aneurysmal disease. One small study has
shown a reduction in the rate of aortic aneurysm
growth in the elderly,[®3! but there are no end-
point studies of statins in patients with this
condition. In children, one study has shown
improvement in inflammatory markers and
endothelial function in Kawasaki’s disease after
statin therapy.l” Lipid-lowering therapy is re-
commended by the American Academy of
Pediatrics! on the basis of lack of early im-
munoglobulin therapy, early age of onset of dis-
ease, and severity and location of aneurysms. The
nearest analogues to the generalized aneurysmal
disease of Kawasaki’s disease are the localized
thrombosis in the atrial appendage and with
mural thrombosis in atrial fibrillation and the
aneurysm-related thrombosis seen in late stage
peripheral arterial disease. There are no specific
large-scale studies of lipid-lowering in atrial fi-
brillation but some smaller-scale studies and
registries suggest a reduction in cardiovascular
events.[049] The case for statin treatment in
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peripheral arterial disease is well established but
may apply more to occlusive lesions than aneur-
ysmal disease. Studies in aortic aneurysmal dis-
ease are few and not conclusive.[°® However,
studies of antithrombotic drugs, including aspirin
(acetylsalicylic acid), warfarin and, lately, the
combination of aspirin and clopidogrel, suggest
that these strategies may have greater benefits in
atherothrombotic disease than previously sup-
posed and merit further investigation.[®”]

7. Cardiovascular Risk in HIV Disease

Children with HIV infection have increased
rates of atherosclerosis due to both the primary
viral infection but also secondary to the dyslipi-
daemic and lipodystrophic changes associated
with the therapies used to treat this condition.[68-70]
There are no data on how cardiovascular risk in
these populations should be addressed beyond
control of the infectious disease and its asso-
ciated inflammation, together with general life-
style measures.

8. Lifestyle Measures

Few large-scale, randomized controlled trial
data exist specifically on the efficacy of lifestyle
measures in children/adolescents with familial
hyperlipidaemias beyond general consensus in-
terventions, such as prevention of initiation of
smoking and avoidance of gross obesity.[!471]
Lifestyle therapies are more effective for the
treatment of obesity than for other cardiovas-
cular high-risk conditions, and small-scale stu-
dies show benefits from both exercise and calorie
reduction.['%72 Diets have relatively little effect
on cholesterol.’>73 They are used as general re-
commendations in FH and immunological con-
ditions but are considered adjunctive therapies
with limited potential to modify disease progres-
sion in the short term.['¥ Their limited utility in
polygenic hyperlipidaemia in children is based on
the limited progression of disease at young ages
as cholesterol levels are moderately elevated in
childhood and increase to adult levels in puberty
only in response to testosterone production.
Risks are thus increased more in male children
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than in females and only from puberty. However,
epidemiological studies suggest that small chan-
ges in cholesterol made earlier in life can translate
into large changes in lifetime risk, and dietary
therapy may therefore be sufficient in all except
the most extreme risk groups.’ The role of
supplements!’> and nutriceuticals such as phyto-
sterols in children is also unclear, although small-
scale studies suggest some beneficial effects on
lipids similar to those seen in adults.[76:77]

9. Efficacy of Drug Therapy

The vast majority of therapeutic trials have
targeted surrogate measures, particularly lipid
levels.'¥ There are no outcome studies in this
area of paediatrics. The longest established
therapies, used originally on the basis of anec-
dotal evidence, are the bile acid sequestrants.
Their efficacy in children is similar to that in
adults and it is stated that their tolerability is also
similar to that in adults, with a 20-30% dis-
continuation rate.[’®! However, there are no stu-
dies documenting the rate of intolerance of bile
acid sequestrants in actual clinical practice,
and experience suggests that the actual rate of
non-adherence in all age groups is considerably
higher. Fibrates have been used extensively in
children and adolescents over the years and again
show similar efficacy to adults, with better toler-
ability than bile acid sequestrants but lesser
efficacy in reducing LDL-C levels.[7%7°! Niacin
has also previously been used extensively in ado-
lescents and has similar lipid-lowering efficacy to
bile acid sequestrants and fibrates.[®] However,
these drugs (i.e. bile acid sequestrants, fibrates
and niacin) are now little used with the possible
exception of the new bile acid sequestrant cole-
sevelam, the efficacy of which in adolescents has
never been formally assessed, but which does
have a better tolerability profile in adults than
earlier bile acid sequestrants.®!l Ezetimibe has
been shown to reduce LDL-C levels by 20% in
children with homozygous FH.[82

The preferred drugs for treating hyperlipidae-
mia in adolescents are statins. After many years
of use in adults following anecdotal reports and
later in response to changes in patent extension
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following specific studies in adolescents, statins
have been used in approximately 1000 children
and adolescents with heterozygous FH for peri-
ods of up to 2 years.[83:84 Initial studies showed
that the efficacy of these drugs in 12- to 16-year-
olds was similar to that in adults.[>-8%) Extensive
data exist for lovastatin/®®! and simvastatin!®® in
2-year studies, for atorvastatin over 6 months!®7]
and, most recently, for low to moderate doses of
rosuvastatin for up to 1 year in the PLUTO
(Paediatric Lipid redUction Trial of rOsuvasta-
tin) study.®¥! Additional evidence for the bene-
ficial effects of statins in children with FH was
demonstrated when pravastatin reduced the rate
of progression of carotid intima media thickness
in 193 children over 2 years.® Statins are less
efficacious in homozygous FH as they are de-
pendent on the presence of functional hepatic
LDL receptors for their action.””! Statins are ef-
fective in only 30% of patients with homozygous
FH, and their efficacy is generally reduced by
30-50%. Thus, increased emphasis is placed on
the use of intestinally acting agents such as bile
acid sequestrants and ezetimibe in patients with
homozygous FH.[?%1 In contrast to colestyramine,
which binds ezetimibe, the combination of ezeti-
mibe and colesevelam is additive®! and can be
used effectively in homozygous FH, usually in
combination with apheresis until the definitive
treatment of hepatic transplantation can be
performed.

10. Saofety of Drug Therapy

The safety profile of lipid-lowering therapy is
well established in adults. Adverse effect fre-
quencies range from 20-30% for colestyramine to
about 2-3% for statins or ezetimibe. Fewer data
exist in children. In studies involving approxi-
mately 1000 children and adolescents aged
10-18 years receiving statins at lower doses for a
period of 6 months to 2 years, no adverse effects
or significant increases in hepatic transaminase or
creatine kinase levels were seen.[®3-34 Similarly,
specific studies of effects on sex steroids and
Tanner development stage progression in chil-
dren and adolescents receiving statins revealed no
significant differences over a 2-year period.[83-84
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Studies of bile acid sequestrants, fibrates, niacin
and ezetimibe show similar safety profiles to
those in adults but are generally smaller in scale
and of shorter duration and have been conducted
in patients with either heterozygous or homo-
zygous FH. All these studies are short term;
similar to other drug classes, there is a lack of
long-term, systematically collected safety data for
all lipid-lowering drugs in paediatric practice.

11. Perspective

The increasing burden of cardiovascular risk
factors associated with atherosclerosis in adoles-
cence and the explosion in the obesity rate has led
to an increased focus on early treatment, parti-
cularly as even limited interventions at younger
ages can translate into large reductions in lifetime
CVD risk.’] This is especially relevant as the
prevalence of type 2 diabetes in younger popula-
tions increases. Similarly, as screening becomes
established for FH, affected individuals are being
regularly identified at younger ages and con-
sideration must be given as to how to treat these
individuals.3%3!1 While there is no debate about
the need, prior to definitive treatment by liver
transplantation, for lipid-lowering treatment in
homozygous FH given its extremely poor prog-
nosis, there is still debate as to how cases of
heterozygous FH ought to be treated.['¥ A case
can be made for treatment of those patients with
a severe family history of CVD but controversy
exists about more typical cases.[!Y Many favour
dietetic measures until adulthood when statin
therapy is instituted, while others suggest earlier
drug treatment to prevent atherosclerosis be-
coming established. There are some efficacy and
safety data for lipid-lowering drugs in this group
of patients. Additional indications are suggested
for patients with autoimmune-related disorders
(e.g. type 1 diabetes, SLE), in whom rates of CVD
are increased by the underlying condition, the
variation in immune function and some of the
drugs used as immunosuppressants. The evidence
for lipid-lowering therapy in patients with these
disorders is limited (where available), based on
adult studies and dependent on the known ac-
celerated rates of atherosclerosis in autoimmune
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disease. Lipid-lowering drugs may attenuate
transplant vasculopathy and may also decrease
the high rates of cardiovascular events in these
patients. In both these groups, the relative risks of
CVD are greatly increased, and lipid-lowering
therapy is consequently used for preventive
purposes. However, it could be argued that
more stable and effective lipid-neutral im-
munosuppressant regimens could substantially
reduce rates of atherosclerosisi®? by directly tar-
geting the inflammatory process, as has been de-
monstrated on a limited scale with statins in
rheumatoid arthritis,®* and that formal endpoint
studies of statins are required prior to therapy
becoming common practice. Similarly, in in-
flammatory atherothrombotic disease for which
there is little evidence for the benefits of lipid-
lowering therapy, immunomodulatory and anti-
thrombotic therapies may be more effective.

Rates of prescribing in children in the US are
increasing by 15% per year and prescriptions for
hypoglycaemic and antihypertensive drugs are
increasing, as could be predicted from the
known benefits of these agents on microvascu-
lar complications, which precede macrovascular
complications.® In contrast, rates of prescribing
of lipid-lowering agents are stable or decreasing
because of the greater controversy over how to
use these agents, the exact risks of atherosclerotic
macrovascular disease in children and the rate at
which it may progress.[¥! The perils of extra-
polating evidence from epidemiological studies
or subgroup analyses are well known. For
example, statins have been unsuccessful in for-
mal endpoint clinical trials in aortic stenosis,
advanced cardiac failure or renal disease despite
early indications of potential benefit. Thus, only
well constructed surrogate endpoint studies in
paediatric populations will finally clarify the
conditions under which lipid-lowering agents will
be beneficial.

12. Conclusions

There is a role for lipid-lowering therapies in
children at high risk of atherosclerosis, but the
evidence base outside of FH is weak. Lipid-lowering
therapy should be prescribed to all children
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with homozygous or severe heterozygous FH.
Based on adult evidence, statin therapy should be
considered in patients who have undergone
coronary artery procedures or received cardiac
transplants, in whom their primary role is to
prevent vascular re-occlusion. In renal transplant
patients, statins may have a role to play in
patients with persistent dyslipidaemia, in whom
additional risk factors for transplant-associated
atherosclerosis are present. In diseases associated
with a chronic increased atherogenic risk, such as
type 1 diabetes or SLE, statins should be con-
sidered in high-risk cases where additional car-
diovascular risk factors are present. At present,
the most important need is for trials to be con-
ducted in children using accepted surrogate end-
points to define whether lipid-lowering drug
therapy is as beneficial in these groups as in
adults.
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