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Familial hypercholesterolaemia: Pilot study to
identify children at risk

C J Taylor, S Olpin, J Rattenbury, A Whippey, C Lunt, N Beckles-Willson,
J Higginbottom, R J Pollitt, J Bonham, L S Taitz

Abstract
Aims-To evaluate a more effective
method of identifying children with
familial hypercholesterolaemia by
screening a population at high risk.
Methods-Domiciliary measurement of
random cholesterol concentration was

made in 200 children who were first or

second degree relatives of subjects with
premature onset coronary artery disease.
Measurements were taken by a health
visitor using a portable analyser.
Results-Twelve new cases of familial
hypercholesterolaemia were identified
during the first nine months ofthe study.
Random cholesterol concentrations were

within the normal range (<5-2 mmolIl) in

70-5% of samples tested. Forty two (21%)
of patients tested had a borderline
cholesterol (5.2-5.9 mmol/l) but 50% of
these fell within the normal range when
fasting capillary samples were analysed.
Children with significant hypercholes-
terolaemia on random testing (concen-
trations of >5.9 mmol/) (8.5%) also had
fasting venous blood assayed for high
density lipoprotein (HDL) cholesterol
and tri-glyceride in the laboratory.
Results indicated that 6*5% of patients
screened were at high risk of cardio-
vascular disease (ratio of total: HDL
cholesterol of >4.5), and 1% had a mod-
erately increased risk (ratio 3-5-4.5).
Conclusions-Children with familial
hypercholesterolaemia can be identified
from a selected "high risk" population by
measuring random capillary cholesterol
concentration.
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Familial hypercholesterolaemia is the com-

monest significant autosomal dominant disor-
der with a gene frequency of about 1 in 500.'
The condition causes accumulation of low
density lipoprotein cholesterol in the plasma
leading to premature atherosclerosis. An esti-
mated 51% of male and 12% of female het-
erozygotes will sustain fatal or non-fatal
coronary heart disease by the age of 50.2
There is good evidence that atheroma in
these patients begins to form in early life,3
and because a reduction in cholesterol may
be seen after treatment with a low fat diet,4 it
seems prudent to screen for the condition and
to introduce dietary modification as early as

possible. Once someone in a family with

familial hypercholesterolaemia has been iden-
tified, the case for screening these "at risk"
families is strong because the likelihood of
serious vascular disease is so high.'-

There are extensive published findings on
various forms of screening for hypercholes-
terolaemia. Opinions differ as to whether a
selective approach identifying families at
"high risk" or a form of universal screening
should be used.9 Screening initiatives have
included neonatal screening,1° 11 using cord
blood,'2 or by integration with screening for
phenylketonuria"3 and blood testing at school
entry.'4 DNA technology is of limited value in
screening for familial hypercholesterolaemia'5
but may be of use in differentiating those
hypercholesterolaemic subjects who have
defective apo-,6-100.'6

All universal systems of screening by blood
cholesterol determination have the disadvan-
tage that the overlap between the upper range
of normal and the disease range leads to a
high false positive rate. It would, therefore, be
more effective to attempt to identify children
from families at high risk of familial hyper-
cholesterolaemia.'7 18 A programme based on
screening individuals with premature athero-
sclerosis could identify most families at risk
and allow the children and adolescents to be
screened while reducing the likelihood of false
positive results.

Calculations suggest there are at least 300
children in Sheffield with familial hypercho-
lesterolaemia, yet at the inception of this
study fewer than 10 cases were known to the
paediatric services. Two of these families
were referred to their general practitioners by
the Coroner following the premature deaths
of their fathers from coronary artery disease
(Taitz LS, personal communication). An
attempt was therefore made to identify and
treat all children systematically within this
population group by targeting such at risk
families.

Methods
Individuals with premature atherosclerosis,
defined as evidence of coronary artery disease
(previous myocardial infarction or angina) in
men under 50 years and women under 55
years were considered as index cases and their
families approached by a health visitor
through their general practitioners. A detailed
family history was obtained and cases with
hypercholesterolaemia associated with other
conditions, such as renal disease, diabetes,
and hypothyroidism, were excluded. Index
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cases were identified from hospital and gen-
eral practitioner records, review of patients
admitted to coronary care units, scrutiny of
death certificates and referrals from adult
lipid clinics.

Family trees were drawn up through three
generations and all individuals under 16 years
of age were entered into the study protocol
(fig 1). Random capillary blood samples were
screened in the home for total cholesterol
using a portable reflectance photometer
(Lipotrend, Boehringer Corporation Ltd).
Fasting capillary cholesterol and triglyceride
concentrations were assayed enzymatically by
Reflotron (Boehringer Corporation Ltd). The
performance of these analyses was maintained
and all borderline results checked in the labo-
ratory using a centrifugal analyser (Cobas
Bio, Roche Diagnostics Ltd). Interbatch ana-
lytical imprecision was assessed using com-
mercially available quality assurance material
on a weekly basis. The Lipotrend photometer
showed a coefficient of variation (CV) of
4-2% at a concentration of 4-4 mmol/l; the
Reflotron, a CV of 3-2% at a concentration of

Cholesterol screen (Lipotrend)
on childen directly related to

index case (100%)

Cholesterol
< 5-2 (70-5%)

NORMAL

Cholesterol < 5*2

Cholesterol
5-2-5-9 (21%)

Repeat finger-prick
when fasting

I

Cholesterol
> 5-9 (8-5%)

i i
Cholesterol 5-2-5-9 Cholesterol > 5-9
Triglycerides 20-2.5 Triglycerides > 2-5

(10%*)

Fasting venous
blood for:

cholesterol
triglycerides
HDL cholesterol

Other lipid disorder Diagnosis of FH Result
or ?diagnosis (1-5%) probable (6%) borderline (10%)

ARRANGE ROUTINE FURTHER FOLLOW UP IN
TREATMENT STUDY SIX MONTHS

* Two children with cholesterol concentrations of> 5-2 mmol/l
failed to attend for repeat sampling

Figure 1 Flow diagram ofstudy protocol indicating percentage ofpatients faUling into
each diagnostic group.

4 0 mmol/l, and the Cobas Bio, a CV of 30%
at a concentration of 2-8 mmol/l. The accu-
racy of the Reflotron was assessed by partici-
pation in a nationally organised external
quality assurance scheme (Wolfson Research
Laboratories extra laboratory assay survey); in
all cases the returns were within 7% of the
target value. The accuracy of the laboratory
based analyser was monitored by participa-
tion in the national external quality assess-
ment scheme for clinical chemistry. In all
cases the returns were within 6% of their des-
ignated value. The non-laboratory methods
showed good correlation with the laboratory
based analyser: Lipotrend v Cobas Bio, CV
r = 089; Reflotron v Cobas Bio CV r = 099.
Random cholesterol concentrations of <5-2

mmol/l were considered normal. Children
with cholesterol concentrations of >5-2
mmol/l were asked to attend the Children's
Hospital where a further fasting capillary
sample was obtained. Confirmed cholesterol
values between 5-2-5-9 mmol/l were consid-
ered outside the normal range but below that
compatible with familial hypercholestero-
laemia. All children in this group were seen,
however, and dietary advice was given.
Children with a random or fasting capillary
cholesterol concentration of >5 9 mmol/I had
fasting venous blood assayed for total and
HDL cholesterol and triglyceride values,
using a centrifugal analyser (Cobas Bio,
Roche Diagnostics). LDL cholesterol was
calculated from the Friedewald equation.20

Children were considered to be at high risk
of familial hypercholesterolaemia if the fol-
lowing criteria were met: a history of early
coronary artery disease in a first or second
degree relative, fasting total cholesterol of
>5.9 mmol/l, HDL cholesterol of <1-5
mmol/l, LDL cholesterol of >3 5 mmol/l,
normal fasting triglyceride values (<2.3
mmol/l). The risk of developing ischaemic
heart disease in children with confirmed
hypercholesterolaemia was calculated from
the ratio of total:HDL cholesterol.

Results
A total of 200 children, mean age 9-6 years,
range 3-16-5 years, were identified from 120
families. The flow diagram (fig 1) shows how
the study population were divided according
to cholesterol concentration. Random choles-
terol concentrations obtained using the
Lipotrend analyser are shown in fig 2. The
mean random cholesterol for the whole study
population was 4-7 mmol/l (range 2-9-10.7),
with 70 5% of these values falling within the
normal range (<5-2 mmol/1). A further fasting
capillary sample was requested in the 42
(21%) of patients with an initial cholesterol
between 5-2 and 5-9 mmol/l. This was
analysed for cholesterol and triglyceride con-
centrations. No child showed an increase in
cholesterol on retesting, but fasting choles-
terol concentrations fell within the normal
range (<5.2 mmol/l) in 50% of these repeat
samples. Two children with a random choles-
terol value of > 5-2 mmol/l failed to attend

I
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Random cholesterol by age (n = 200)
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low risk (ratio of <3 5). Twelve previously
undiagnosed cases met the study criteria for
familial hypercholesterolaemia; individual val-
ues for total, HDL, and LDL cholesterol are
given in the table. Three children, who also
had raised triglyceride concentrations, were
felt likely to have familial combined hyperlipi-
daemia and remain under review at the time
of writing.
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Figure 2 Distribution ofrandom ch4
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Figure 3 Distribution of
HDL cholesterol
concentrations (mmolll):
the raised values in two
children reduced the
predicted risk of clinically
relevant
hypercholesterolaemia.
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--~_______ _ Discussion
x 1W,,J- _A_ Although optimal strategies for identifying

jI. si' 0 tZhg I a children with hypercholesterolaemia have not

*g e **f X5^ ""been established, the results of this pilot
X WE * | <study indicate the value of domiciliary screen-

ing for familial hypercholesterolaemia in a
selected population of children. Several

8 10 12 14 16 18 authorities advocate testing of children with

Age at testing (years) family histories of premature coronary artery
disease.2228 The usefulness of measuring cho-

olesterol concentrations (mmolll) by age at testingfor lesterol, however, either alone or with triglyc-
sults fall within dotted lines; values of <5-2 are

eride, as a predictor of coronary heart disease
in the general population has been ques-
tioned.'3 Nevertheless, the range of choles-

Vrther testing. terol concentrations observed in our study
eventeen (8 5%) children with a random compares well with data from cross-sectional
esterol concentration of >5 9 mmol/l had population screening (fig 4) despite random
ng venous blood assayed for HDL choles- (non-fasting) sampling.
I and triglyceride values; LDL cholesterol The measurement of HDL cholesterol in
also calculated. The risk of cardiovascu- screening could avoid the misclassification of
lisease based on the ratio of total:HDL some children because of an unusually high
Lesterol indicated that 13 of these patients or low HDL cholesterol concentration.
% of population tested) were at high risk Between 5-15% of children with normal
schaemic heart disease (ratio >4.5); two LDL cholesterol concentrations have been
) children had a moderately increased identified as having hypercholesterolaemia
(ratio <4.5). Two children had raised because of increased HDL cholesterol con-
L values (fig 3) and were considered at centrations.2425 Only two children with initial

cholesterol concentrations of >5-9 mmol/l in
this study had raised HDL values. Other
workers have also reported little overlap with
normal ranges for values above 6-8 mmol/l in
close relatives of hypercholesterolaemic sub-
jects.262' The measurement of apoprotein B
and lipoprotein (a) may also improve the
detection of "high risk" cases,28 but data are
limited and the ahalyses more complex.
The proportion of children with familial

hypercholesterolaemia not identified from the
500 0-833 1-167 1 500 1-833 2-167 2-500

HDL cholesterol (mmol/l)

Association between total, HDL, LDL cholesterol, and triglyceride concentrations in 12
patients with familial hypercholesterolaemia

HDL
Case Age Total Tiglyceride cholesterol LDL
No (years) cholesterol (mmolfl) (mmol/l) cholesterol (mmol/l)

1 12-4 5 8t 0-5 1-3 4-27
2 7-4 7-7 09 0-84 6-45
3 4-7 8-2 1-2 0-81 6-84
4 12-0 6-4 1-0 1 26 4-14
5 10-2 5-7t 0-8 1-37 3-96
6 1-4* 11*1 1-8 0-53 9 75
7 11-7 6-4 0 9 1-16 4-23
8 59 95 0-6 0-84 839
9 33 7 1 07 095 5-83
10 15-8 8-9 1 1 1-26 7-14
11 9-3 6-6 0-9 1 33 4-86
12 1-0* 9-8 1-5 1-02 8-10

*Children under 2 years not sampled unless siblings of known patient.
tPrevious total cholesterol >5 9 mmol/l.

0k$\\\&{\.\\\ I
2 590 4 012 5 434 6 856 8 278 9.700

Total cholesterol (mmol/l)
Figure 4 Comparison between study population and
centile values for cholesterol concentrations in a "normal
paediatric population", derivedfrom Kwiterovich PO, et
al. Effect of dietary treatment on the plasma of lipids,
lipoprotein cholesterol, and LDL B protein in children with
type II hyperlipoproteinemia. (Detection and Treatment of
Lipid and Lipoprotein Disorders of Childhood.
1985:123-37 (Alan R Liss, Inc.)).
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family history is unclear from this study.
Starc et al estimate that such selective testing
may miss 12% of heterozygous children with
familial hypercholesterolaemia29 yet their
figures may overestimate the incidence
compared with a normal population: data are
derived from cases referred through primary
care physicians. Few true cases of familial
hypercholesterolaemia, however, are likely to
be missed by screening for total cholesterol
concentrations as random values may be
expected to overestimate risk.

Hypercholesterolaemia can be treated by a
combination of dietary3t--32 and pharmacologi-
cal methods,33-35 and both have been shown
to lower the blood cholesterol concentration
in children with familial hypercholesterol-
aemia.'637 Concern exists, however, over the
long term effects of dietary restriction in
growing children,38 the difficulty in adhering
to the diet, possible non-compliance with
drug regimens39 and a reluctance to single out
otherwise healthy children. The case for pre-
ventive treatment in childhood currently rests
on anecdotal evidence and analogy with the
successful outcome for treated adults.404' The
cost, compliance, and degree of psychological
acceptance is unknown, as are the possible
health benefits of such treatment provided
over several decades. There is also no infor-
mation on whether a hospital or community
based programme would be the most effective
method of provision. Until a properly con-
trolled longitudinal study has been carried
out to evaluate the various options these
questions will not be resolved.

Patient identification is the first step in
such a programme. Whole population screen-
ing yields a small return with an unacceptably
high false positive rate, but the results of this
study are sufficiently encouraging to warrant
further investigation and assessment of at
least some of these unknown factors before
considering district-wide screening pro-
grammes of children "at risk".
We thank Drs TA Gray and ARW Forrest for their help and
encouragement during this study.
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