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ABSTRACT

Background/Objective: Familial Hypercholesterolaemia (FH) is caused by mutations in genes of the Low
Density Lipoprotein (LDL) receptor pathway. A definitive diagnosis of FH can be made by the demon-
stration of a pathogenic mutation. The Wales FH service has developed scoring criteria to guide selection
of patients for DNA testing, for those referred to clinics with hypercholesterolaemia. The criteria are
based on a modification of the Dutch Lipid Clinic scoring criteria and utilise a combination of lipid values,
physical signs, personal and family history of premature cardiovascular disease. They are intended to
provide clinical guidance and enable resources to be targeted in a cost effective manner.
Methods: 623 patients who presented to lipid clinics across Wales had DNA testing following application
of these criteria.
Results: The proportion of patients with a pathogenic mutation ranged from 4% in those scoring 5 or less
up to 85% in those scoring 15 or more. LDL-cholesterol was the strongest discriminatory factor. Scores
gained from physical signs, family history, coronary heart disease, and triglycerides also showed a
gradient in mutation pick-up rate according to the score.
Conclusion: These criteria provide a useful tool to guide selection of patients for DNA testing when
applied by health professionals who have clinical experience of FH.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Untreated FH carries a risk of premature coronary heart disease
(CHD) of >50% in men and >30% in women by the age of 60 years

Familial Hypercholesterolaemia (FH) is a monogenic disorder
characterised by increased levels of circulating plasma low-density
lipoprotein cholesterol (LDL-C). FH is caused by mutations in the
genes affecting the metabolic clearance of LDL-C, most commonly
the Low-density Lipoprotein Receptor gene (LDLR) but also Apoli-
poprotein B gene (APOB) and Proprotein Convertase Subtilisin/
Kexin Type 9 (PCSK9).

The widely quoted population frequency of heterozygous FH is 1
in 500 [1] in northern Europe, though more recent studies in The
Netherlands [2,3] and in Denmark [4] have suggested that it is more
common with estimated frequencies of 1/300, 1/244 and 1/200
respectively.
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[5]. Effective treatment is available to reduce the risk of CHD in FH.

The Wales FH cascade service was launched in December 2010
with the implementation of a diagnostic service for FH, combined
with family cascade testing [6] and is now an established clinical
service.

Cascade testing is the process of systematically identifying
family members of an affected individual (index patient) and then
offering testing for the condition. The most efficient method of
cascade testing for FH is to offer genotyping to relatives of index
patients with an identified mutation [7,8]. This is better than using
family cholesterol testing alone, which is non-specific [6,8,9].

The clinical diagnosis of FH in an individual is often not clear cut.
Tendon xanthomata (TX) are widely regarded as a specific physical
sign, but are often absent and may be difficult to assess, and all the
other clinical features of FH are non-specific. A DNA diagnosis
provides clarity and can help with an individual's understanding
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and acceptance of their condition [10]. A DNA diagnosis is very
helpful for family testing, but is relatively expensive.

It is important to be able to select those patients with
hypercholesterolaemia who are most likely to have FH genetic
mutations, in order to improve the clinical and cost-effectiveness
of genetic cascade testing services for FH. Several sets of criteria
have been used to identify patients with FH. The three main
criteria are the Simon Broome Criteria [11], the Dutch Lipid Clinic
Network Criteria (DLCNC) [12,13], and the US MedPed criteria
[14]. Mutation detection rates, sensitivity and specificity vary
between the criteria used and how strictly the criteria are
applied [15—19].

We have developed an FH scoring system based on a modifi-
cation of the Dutch Lipid Clinic scoring criteria to guide genetic
testing of index patients presenting with hypercholesterolaemia. A
numeric score is derived from measures of: family history, physical
examination, cardiovascular clinical history, LDL-C and triglyceride
concentrations.

We report our experience of applying these criteria in clinical
practice as part of the Wales FH service.

2. Methods
2.1. Development of scoring criteria (Table 1)

These criteria have been adapted from the Dutch Lipid Clinic
criteria [9,10], with 5 main modifications. The key differences be-
tween these criteria and the Dutch criteria are as follows:

1. In the Welsh criteria, patients score 6 if they or their 1st or 2nd
degree relatives have TX. With the Dutch criteria, patients
scored 6 if they themselves had tendon xanthomata (TX), but
scored only 2 if only their 1st or 2nd degree relatives had TX.

2. A minus score is given for raised triglycerides. This is not a
feature of the Dutch criteria, however, their criteria have a
caveat saying ‘HDL-cholesterol and triglycerides are normal’.

3. A weighting has been applied for the development of CHD at a
younger age in the index patient (CHD <45 yrs 4, CHD <50yrs 3,
CHD <60yrs 2).

Table 1
Wales FH service genotype scoring criteria.

4. Family history of CHD has been weighted to a greater degree. In
the Dutch criteria, one point was awarded for CHD in a 1st de-
gree relative under the age of 60. This criterion was modified so
that a patient scores one point if their 1st or 2nd degree relative
had CHD before the age of 60, and two points if their 1st or 2nd
degree relative had CHD before the age of 45.

5. An LDL-C correction factor table used to estimate the pre-
treated LDL-C levels of patients on cholesterol lowering medi-
cation has been updated to include all available statins with or
without ezetimibe. The correction factors were developed from
the analysis of 71 original papers that were collated prior to
setting up these criteria. See Appendix.

2.1.1. Patients

The study group consisted of 1206 consecutive index patients
who had been referred to lipid clinics in Wales over the course of 24
months (between November 2010 and November 2012). The study
group does not include relatives of index patients detected by
cascade testing. These criteria are only intended for index patients
with hypercholesterolaemia. Secondary causes of hyper-
cholesterolaemia were excluded by testing for liver, renal, thyroid
function and diabetes. All patients were assessed by one of three
specialist FH nurses using the Welsh criteria.

As a starting point, all patients with a score of 6 or greater were
offered genetic testing. If a patient scored 5 or less they would not
be routinely offered genetic testing, but only if their lipid clinicians
(FH nurse and/or consultant lipidologist) considered that there
were particular circumstances that might make FH more likely in
that patient. Such circumstances might include a family history of
early CHD in the absence of other risk factors such as smoking, lack
of available history from senior family members (e.g. no contact or
adopted), or presence of other non-scoring features such as xan-
thelasmata or equivocal thickening of Achilles tendons. All such
requests for genotyping with a score of 5 or less were vetted by a
senior medical advisor to the FH service (DBND or IMcD) before
genotyping was performed.

2.1.2. DNA analysis
Samples were analysed in three different genetic laboratories

Family history 1st/2nd degree relative:
e known with premature (<60yrs) CHD

e known with premature (<45yrs) CHD

e known with LDL-C > 4.9 mmol/I (or total chol > 7.5 mmol/l)
e <18 yrs with LDL-C > 4.0 mmol/l (or total chol > 6.7 mmol/l)

Please specify relation to index case

N o= N =

Physical examination o Tendon xanthomata (in patient or 1st/2nd degree relative)
Premature corneal arcus (no score for arcus senilis)

Clinical history Patient with premature CHD (<45 yrs)
Patient with premature CHD (<50 yrs)

Patient with premature CHD (<60 yrs)

Patient with premature (<60yrs) strokes and/or peripheral vascular disease

= NWwWh |~

Untreated or corrected
LDL- Cholesterol
Concentrations
(mmol/l)

LDL-C > 8.5

LDL-C 6.5-8.4
LDL-C 5.0-6.4
LDL-C 4.0-4.9

w U

1

f untreated LDL- C values are unobtainable see attached sheet (Correction Factor Table) and calculate estimated value.

Fasting triglycerides (mmol/l) o Triglyceride 2.5-3.4
o Triglyceride 3.5—4.9
o Triglyceride > 5.0

Minus 2
Minus 3
Minus 4

Please record in the narrative box any 2° causes that predispose to raised triglycerides, e.g. diabetes.

The highest score is circled from each section and the overall score is obtained by totalling all scores together. If the score is 6 or greater, the patient would be offered genetic
testing for FH. If the score was below 6, the criteria form would need to be approved by the FH medical advisor before the patient was offered testing.
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over the course of this project [Belfast City Hospital, Progenika
Biopharma (Spain) or Bristol Genetics Laboratory]| before repatri-
ating the laboratory testing to University Hospital of Wales. The
NHS service selected referral laboratories on the basis of service
offered and cost. All laboratories provided a high quality genetic
testing service for the full LDLR gene including copy number vari-
ations that detected deletions/duplications and the common mu-
tations in PCSK9 and APOB.

If a DNA variant was found in one of the FH genes this was
classified using the 5 class system recommended by the Association
for Clinical Genetic Science Guidelines [20]. The classes are as fol-
lows: Class 5 is ‘clearly pathogenic’, Class 4 is ‘likely to be patho-
genic’, Class 3 is ‘variant of uncertain significance’, Class 2 is
‘unlikely to be pathogenic’, and Class 1 is ‘clearly not pathogenic’.

In this report the term ‘mutation’ is used to describe class 5
variants only.

2.1.3. Statistics

Statistical analysis was carried out using SPSS version 20. Non-
parametric tests (Kruskal-Wallis and Mann Whitney U test) were
used to assess the difference in scores between those with different

Table 2
LDL-cholesterol correction factor table for patients on
statins + ezetimbe medication.

Statin/dose (mg) Correction factor

Ezetimibe

10 1.2
Pravastatin

10 1.2
20 13
40 1.5
Pravastatin + Ezetimibe

10+ 10 1.5
20 +10 1.6
40 + 10 1.7
Simvastatin

10 14
20 1.6
40 1.7
80 1.9
Simvastatin + Ezetemibe

10 + 10 1.9
20+ 10 2.0
40 + 10 23
80 + 10 24
Atorvastatin

10 1.6
20 1.8
40 2.0
80 2.2
Atorvastatin + Ezetemibe

10+ 10 2.0
20+ 10 22
40 + 10 22
80 + 10 25
Rosuvastatin

5 1.8
10 1.9
20 21
40 24
Rosuvastatin + Ezetimibe

10+ 10 2.5
20+ 10 2.7
40 + 10 33

For a patient on regular medication for whom a pre-treatment
LDL-C was not available, an estimate of untreated LDL-C was ob-
tained by multiplying the measured LDL-C by the appropriate
factor. The correction factors calculated were based on analysis of
71 original papers that were reviewed prior to setting up these
criteria. See Appendix 1 for table of references.

genotype result outcomes (LDLR vs APOB vs no variant). The
Holm—Bonferroni method [21] was used to adjust for multiple
comparisons. Chi square was used to assess the association be-
tween categorical variables.

Positive predictive value (PPV) was calculated for different
scoring cut-off values using the following formula: PPV True posi-
tive/(false positive + true positive) [22]. True positives are defined
as those individuals who score above a specified cut-off value and
have a pathogenic mutation whereas false positives are those who
score above the same cut-off but have no mutation or have a variant
classified between 2 and 4 (see Table 3).

3. Results
3.1. Patient referral numbers (Fig. 1)

Of 1206 individuals referred to the service over a 24 month
period, 547 scored 6 or above and were offered genotyping (522
accepted; 30 declined). Of 659 patients who scored 5 or less, 101
were genotyped making a total of 623 patients genotyped.

The LDL-C correction factor for patients already on statins was
applied in 164/623 patients.

3.2. DNA diagnosis in relation to criteria score (Fig. 2 and Table 3)

Overall 231 genetic variants (class 2—5) were identified from
623 patients tested (37%). In 173 patients (28%), the variant was
classified as class 5 and in 58 (9%) it was classified between 2 and 4,
of which 6 patients (1%) had a class 2 variant.

The calculations of positive predictive value give the proportion
of patients who had a pathogenic mutation from this group who
had DNA testing (i.e. hypercholesterolaemic patients selected from
Welsh Lipid clinic referrals with a clinical suspicion of FH). This
ranges from 0.32 to those scoring 6 or above up to 0.85 for those
scoring 15 or above. There was a clear gradation in mutation
detection rates according to the score.

It is not valid to calculate sensitivity and specificity because not
all hypercholesterolaemic individuals with scores less than 6 were
genotyped so the overall prevalence of pathogenic mutations has
not been established for hypercholesterolaemic patients in Wales
lipid clinics.

3.3. Discriminatory capacity of different scoring criteria (Table 4)

LDL-cholesterol was the strongest discriminatory factor. Scores
gained from physical signs, family history, CHD and triglycerides
also showed a gradient in mutation pick-up rate according to the
score.

The identification of mutations (class 5) correlates strongly with
the score for LDL-C concentration, with rates of 0%, 4%, 9%, 28% &
59% from those scoring LDL points of 0, 1, 3, 5, 8 respectively.

Out of the 623 patients genotyped, 21% (n = 132) had TX and 5%
(n=29) had equivocal xanthomata (usually recorded as ‘thickened
Achilles’). Out of the group of patients with TX, mutations were
identified in 57% (75 out of 132) and in those who were recorded to
have equivocal xanthomata, variants were identified in 38% (11 out

Table 3

Positive predictive value.
Genotype score cut-off >6 >7 >9 >11 >13 >15
PPV 032 04 0.53 0.66 0.78 0.85

Positive predictive value (PPV) is shown for different genotype scoring cut-off
values. This shows the proportion of patients that fulfil the criteria above each of
these cut-offs who have a mutation (Class 5 variant).
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Variants found in
218 patients (41%)
= 4
522 genotyped
547 /v TS | variants not found
score of f ;
in 305 patients
.6 T | 30 NOT genotyped | P
1206 /
. Variants found in
patients
13 patients (13%)
scored el
\ 659 101 genotyped -
score of /
Variants not found
<6 s 558 NOT genotyped
in 88 patients

Fig. 1. Patient numbers. All patients were offered testing if score >6 but only offered testing if score 5 or less when there were particular clinical circumstances. All DNA variants

(classes 2—5) have been included in this diagram.

of 29). Equivocal xanthomata are not scored using these criteria,
but if this is written in the ‘clinical narrative’ section of the geno-
typing request form, it can be taken into account if the patient
scores 5 or less and a decision has to be made as to whether or not
they should be tested.

There was a reduced likelihood of detecting a mutation in those
tested with elevated triglycerides (p =0.035). Patients with tri-
glycerides >2.5 mmol/l (scoring minus 2 or 3) had a mutation pick-
up rate of 14% compared to those with normal triglyceride (below
2.5 mmol/l) for whom the proportion was 29%.

This data was also analysed using a single cut off value for raised
triglycerides of 3 mmol/L. In this cohort, those who had triglycerides
>3 mmol/l had a mutation pick up rate of 10% and those who had
concentrations below 3 mmol/l had a pick up rate of 29%.

In the Welsh criteria additional weighting was given for very
early onset CHD in the patient (CHD <45 yrs 4 points, CHD <50yrs 3
points, CHD <60yrs 2 points), whereas in the Dutch criteria only a
score of 2 (CHD: men<55 yrs, women <60 yrs) was attributed. In
both sets of criteria, a score of 1 was gained for stroke and/or pe-
ripheral vascular disease <60 yrs. In our dataset, using the Welsh
criteria, the early age of onset of CVD was significantly associated

with the presence of a mutation (p = 0.02). In individuals with very
early onset CVD (scores of 3 or 4) 37% received a genetic diagnosis
compared to only 20% with later onset of CVD (scores of 1 or 2).

In addition to the additional weighting for premature CHD in the
patient themselves, the Welsh criteria added the ability to score
higher when a 1st or 2nd degree relative had CHD before the age of
45. A score of 2 was attributed compared to a score of 1 on the
Dutch criteria Patients who scored 2 in this section had a high
mutation pick up rate of 43% (46 out of 106 tested).

3.4. Simon Broome criteria

Prior to genetic testing, 20% of the cohort was classified as
‘Simon Broome Definite (SBD)', 65% as ‘Simon Broome Possible
(SBP) and 15% did not fulfil the Simon Broome clinical criteria. All
SBD patients were tested scoring a minimum 9 and a maximum of
20. However, only some of SBP patients were tested as these pa-
tients can score as low as 4 and therefore are not eligible using an
eligibility threshold of 6. The mutation pick up rate of SBD patients
in this cohort was 60%, for SBP patients it was 21% and for those not
meeting SB it was 14%.

100.0%
90.0% 85 %
80.0%

g 70.0% 67 %

-% 60.0%

ug' 50.0% 46 %

0,

B 40.0% 38 %

€

g 30.0%

S

&  20.0% 0% 14%

(]
10.0% 4% II
5 or less 6 7to08 9to 10 11to 12 13to 14 15to0 20
(n=101) (n=137) (n=126) (n=114) (n=56)  (n=36)  (n=54)

Score Group

M No variant found M Class 2-4 Variant

Class 5 Variant

Fig. 2. DNA diagnosis in relation to criteria score. The percentage figures refer to the percentage of patients within a group that have a class 5 variant.
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Table 4
Discriminatory capacity for different scoring criteria.

Score Number tested Class 5 variants detected Class 2—5 variants detected
(% pick up rate and total number) (% pick up rate and total number)
Family history
2 106 43% (46) 57% (60)
1 466 24% (114) 33% (154)
0 50 24% (12) 32% (16)
Physical examination: tendon xanthomata and corneal arcus
6 [TX (+/-CA)] 132 57% (75) 65% (86)
0 (equivocal TX) 29 38% (11) 41% (12)
4 (CA alone) 96 27% (26) 34% (33)
0 396 18% (73) 29% (113)
Clinical history
4 (CHD <45) 64 39% (25) 50% (32)
3 (CHD <50) 40 33% (13) 45% (18)
2 (CHD <60) 75 16% (12) 25% (19)
1 (TIA/PVD <60) 9 56% (5) 62% (5)
0 435 27% (118) 36% (157)
Untreated LDL-cholesterol concentrations
8 (>8.5) 141 59% (83) 70% (99)
5(6.5-8.4) 252 28% (71) 37% (93)
3(5.0-64) 182 9% (17) 19% (34)
1(4.0—4.9) 45 4% (2) 9% (4)
0 2 0 0% (0)
Fasting triglycerides (minus score)

-4 (>5.0) 0 0 0% (0)
-3(3.5-4.9) 13 15% (2) 31% (4)
—2(25-34) 46 15% (7) 20% (9)
0 565 29% (164) 39% (218)

This table shows the number/percentage of patients with a genetic variant across categories for each individual scoring criterion. This is stratified between class 5 and class

2-5 variants.

20
*
*
154 *
° n
(o]
)
4 -
o 10- ]
S 10
("]
5-
)
0 0
T L] l Il
Nothing found LOLR APOB PCSK9

Gene

Fig. 3. Comparison of the score for different genes. Box and whisker plot to show the
distribution of scores where no variant was found compared to patients with a mu-
tation (class 5 variant) in LDLR and in APOB. The 2 patients with a PCSK9 mutation have
been added as black squares. The inner line within the boxes corresponds to the
median and bars span 95% of the values. Circles and stars represent outliers
(>1.5 x IQR) and extreme outliers (>3 x IQR) respectively.

3.5. DNA variants identified in patients with low scores

Out of the 101 patients who scored 5 or below and were geno-
typed, a class 5 variant was identified in 4 patients and a class 2—4
variant was identified in 9. All 13 of these variants were identified
within LDLR gene. These low scoring individuals were considered to
be eligible for testing on clinical grounds as judged by the FH
medical advisor due to the presence of other un-scored features
that were thought to make the diagnosis of FH more likely.

The clinical grounds quoted for these 13 patients include:
‘thickening of the Achilles’ (2 patients) ‘xanthelasmas’ (4 patients)
and younger age. The mean age of the patients with a genetic
variant in the group scoring 5 or less was 43 and the mean age of
genotype positive patients overall was 51 years.

Out of the 231 patients where a class 2—5 variant was identified,
25 had APOB variants (11%). There was a higher proportion of APOB
variants in patients who scored exactly 6 (36%), but none were
found in those genotyped who scored lower than 6.

3.6. Comparison of the score for different genes (Fig. 3)

The score for those with APOB and LDLR mutations were
significantly higher than those with no mutation (p=0.017 and
p < 0.001 respectively). In addition, the score for those with APOB
mutations was significantly lower than those with LDLR mutations
(p < 0.001). There were only 2 subjects with PCSK9 mutations both
of whom had a high score (13, 16).

4. Discussion

These data show that there is a strong correlation between the
clinical score and the likelihood of identifying a mutation.

Overall approximately one quarter of variants detected are
currently assigned to classes 2—4. Many of these variants will be
reclassified following further investigation so that some will be
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converted to a pathogenic status (class 5). Therefore, the positive
predictive value estimates would increase with reclassification of
some variants as pathogenic.

FH caused by APOB mutations is known to have a slightly milder
phenotype [23] and PCSK9 a more severe phenotype [24], which is
consistent with the results reported here. Some studies have shown
that patients with APOB mutations have a low score on the Dutch
Criteria and that this score is not significantly different to the scores
of those with no mutation [25]. However, the results in this study
identified a significantly higher score (p =0.017) in those with an
APOB mutations compared to those where no mutation was iden-
tified. This indicates that these criteria are capable of selecting
patients with APOB mutations for genetic testing, from those who
present to a lipid clinic with hyperlipidaemia.

In our clinical cohort the 25 APOB variants made up a high
proportion of the patients who scored exactly 6 (36% compared to
11% overall), but ABOB variants were not found in any of the 101
patients who scored less than 6. However, only a selected group of
patients who scored below 6 were genotyped, so it is possible that
some lipid clinic patients with APOB variants were not genotyped
and therefore may have been missed. It is also possible that other
individuals with lesser degrees of hypercholesterolaemia may be
missed because they are not referred to the lipid clinic in the first
place.

A patient with an LDL-C > 8.5 mmol/l scores 8, therefore is
eligible for genotyping without taking any of the other criteria into
account. This appears justified because the results show that LDL-C
was the most important single determinant of an FH causing
mutation.

The LDL-C correction factor table (Table 2) for patients on
cholesterol lowering medication proved to be useful in clinical
practice. This is because patients referred for evaluation were often
on lipid lowering medication and records of the pre-treatment
values for LDL-C were not always available, even if a value for to-
tal cholesterol was known.

The weighting for triglyceride appears to be useful for identi-
fying patients that should be genotyped and in addition, it shows
that it was appropriate to not completely exclude subjects with
raised triglyceride. This is consistent with data from Civeira et al.
[26] who reported that 16% of subjects previously classified as fa-
milial combined hyperlipidaemia on the basis of raised triglyceride
were shown to have an FH mutation.

Rather than having multiple different cut offs for raised tri-
glycerides, an alternative would be a single cut off. Based on these
data we would suggest the most suitable single cut off would be
>3 mmol/L with a negative correction of —2. When the data was
analysed with this cut off it resulted in good discrimination with
mutation pick up rates of 10% and 29% in those with triglycerides
>3 mmol/l and those <3 mmol/l respectively. Therefore this could
be considered as a simplification for future use.

TX are considered a classical physical sign of FH, however they
may be absent or difficult to diagnose with confidence, even for
experienced lipid clinicians. That said, the presence of TX in
genetically confirmed FH patients is associated with a significant
increase in cardiovascular risk [27,28]. The prevalence of TX in our
cohort of mutation positive individuals (43%) is similar to that re-
ported elsewhere (44%) [29]. The inclusion of TX as a criterion in
our scoring system is supported by the observation that, of those
patients who presented with TX, 57% were found to be mutation
positive.

In the Welsh criteria, the weighting given for very early onset
CHD in the patient or a 1st or 2nd degree relative gave a greater
discriminatory capacity compared to the Dutch criteria which in-
dicates that this is a useful modification to these criteria.

In this cohort there were 97 patients who did not fulfil Simon

Broome criteria due to either a lack of family history, or an LDL-C of
4.9 or less. Mutations were identified in 14% of these patients and
would have been missed if Simon Broome criteria had been used as
a selection for genotyping. The lowest score a patient who fulfils
the criteria for SBP is 4. Thus not all SBP patients are eligible for
genetic testing based on a threshold of 6. For this reason the mu-
tation pick up rate of SBP patients in the Welsh lipid clinic popu-
lation cannot be accurately calculated, because only the higher
scoring ones were tested.

In clinical practice, corneal arcus is a physical sign that is
commonly linked with FH and is more frequently detected than TX
[30]. It is generally thought that corneal arcus develops at a younger
age than TX, and for that reason the scoring criteria only scores
corneal arcus (4 points) in the absence of TX. Of the 96 patients who
were TX negative and CA positive, variants were found in 34% (33
out of 96) indicating that corneal arcus on its own is a relatively
non-specific diagnostic sign.

The mutation negative group contains some individuals who
had very high scores using these criteria including some patients
with LDL-C greater than 8.5 and/or TX. It is possible that these
patients could harbour mutations that were not detected by the
laboratory methods used at the time of testing. Also some patients
may have a more complex polygenic basis for hyper-
cholesterolaemia [31]. Further testing using next generation
sequencing or other laboratory approaches may be warranted in
this high-scoring mutation negative group.

If the score is very high then the decision to offer genotyping is
straightforward. However, a larger number of patients have a less
severe clinical phenotype and these patients are those where it is
most difficult to decide about genotyping. Further possible re-
finements of these criteria could be considered as discussed below.

Age-, gender-, and population-specific cholesterol ranges are an
option [14,17,18]. It is known that genotype proven family members
with FH have differing LDL-C values by age and gender [32] and this
will also apply to index patients. This is particularly relevant for
younger individuals with FH who have less elevated cholesterol, no
physical signs and no personal or family history of cardiovascular
disease (yet) and thus may not score highly enough to be offered
testing. The criteria are currently not suitable for patients who are
under 18 years of age.

Refinements are also possible for the assessment of the extent of
premature cardiovascular disease in the index patient. Clarke and
colleagues have reported that measures of atherosclerotic burden
using carotid intimal medial thickness or coronary calcium score,
can be used for this purpose, but these techniques are not widely
available in a routine clinical setting [16].

The presence of xanthelasmas was not attributed a score in the
current version of the criteria. However, xanthelasmas were
recorded in 4 of the 13 patients who scored less than 6 and where a
variant was identified. A possible refinement to the scoring system
could be to add in xanthelasma to the ‘physical examination’ sec-
tion and this could be scored 2, but only in the absence of TX or CA.
In a cohort of FH patients in Finland, Xanthelasmas were found in
32% [33], in Norway 8% [34] and in Australia and New Zealand FH
guidelines, xanthelasma are quoted as occurring in 12% of FH pa-
tients [35].

5. Conclusions

These results show that an integrated score combining lipid
values, physical signs, personal and family history of premature
CVD, is a useful guide for selecting patients for FH genetic testing.
Individually, many of the criteria are insensitive or non-specific
diagnostic markers for FH, but when combined they are a useful
diagnostic tool. They can be successfully applied in a practical
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setting and encourage a consistent approach across different clinics
and individuals, while still allowing for some application of clinical
judgement. These criteria can be used to target resources to those
individuals and families that are most likely to benefit from FH
genetic testing.
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