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1. INTRODUCTION

Primary hypercholesterolaemia (i.e., elevation of plasma low density lipoprotein-cholesterol (LDL-
cholesterol) which is not secondary to environmental, dietary, or other underlying diseases) is a
relatively common condition that has been associated with the development of atherosclerosis and
premature cardiovascular disease. More than half of all deaths in Western society are related to
atherosclerotic cardiovascular diseases [1]. The pathogenesis of atherosclerosis results from a
combination of heritable and environmental factors. Inherited disturbances in the low -
density-lipoprotein (LDL) receptor and similar lipid-related defects account for the majority of these
deaths [2]. Three recent studies indicate that heart attacks can be reduced by one third, and deaths
related to heart attacks by nearly 40%, with drug treatment in high-risk individuals [3-3]. The
definition of high risk is important, because serum cholesterol levels included in this category
overlap the normal range.

Since cholesterol-lowering is possible in almost all individuals, cost-effectiveness is entirely
dependent on risk. Consequently, treatment decisions should be based on proper risk assessment.
Primary prevention is important since at least thirty percent of individuals with coronary artery
disease never get any chance for intervention or secondary prevention; they die prior to receiving
medical attention, Currently, testing procedures for risk assessment rely on total cholesterol, LDL-
cholesterol, high-density-lipoprotein- (HDL) cholesterol, triglyceride determinations, and other
cardiovascular risk factors [6]. Such factors are hypertension, diabetes, and left ventricular
hypertrophy. However, cardiovascular disease has a strong genetic component. Sibling pair and
twin studies show beyond any doubt the importance of heredity in terms of cardiovascular risk [7].
Thus, genetic diagnostic screening will be of major importance in the future. To this end, familial
hypercholesterolaemia (FH) presents a new challenge for those interested in applying genetic
principles to prevent disease consequences.

The World Health Organization invited experts to present state-of-the-art information regarding
what can be done to best help 10 million FH heterozygotes and 5,000 FH homozygotes world-wide
avoid preventable early heart attack death. Following an in-depth discussion on the challenges and
opportunities in the diagnosis and management of FH held at a WHO Consultation in October 1997,
the group also developed a series of recommendations.

2. MOLECULAR BASIS OF FH
Primary hypercholesterolaemia is a broad term which includes both monogenic disorders (caused
by mutations of a single gene with a large effect) and polygenic conditions (involving multiple

gepes, each with a relative small effect).

Monogenic disorders

Familial hypercholesterolaemia (FH) is a classical monogenic disorder associated with primary
hypercholesterolaemia. FH is characterized by autosomal co-dominant inheritance with strikingly
elevated LDL-cholesterol, the presence of xanthoma and premature atherosclerosis, FH is due to
a lack of functional receptors for LDL on the cell surface, whereby LDL cannot be taken up and
catabolized by the cells, especially by the hepatocytes. In heterozygous FH, a defective gene for
the LDL-receptor is inherited from one parent and a normal gene from the other. Since two normal
genes are needed to maintain the "normal” plasma level of LDL-cholesterol, the absence of one
functional gene causes the LDL-cholesterol level to rise to approximately twice the normal level
early in childhood. FH-homozygotes inherit two abnormal LDL-receptor genes, and consequently,
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have no functioning LDL-receptors. In these patients plasma LDL-cholesterol levels increase by
approximately 4-5 fold and generalized atherosclerosis usually develops during childhood. The
heterozygote frequency is estimated to be 1:500 in most populations (European, North American
and Japanese) and the homozygote frequency 1:1.000.000 [8].

A second monogenic disorder which is associated with primary hypercholesterolaemia is familial
defective apo B-100 (FDB). This condition results from the presence of LDL particles which bind
poorly to the LDL-receptor because of a mutation in B-100, the main constituent peptide of LDL
and the ligand of LDL-receptor, The classical form of FDB (the one discovered first and more
extensively studied to date) is caused by a single base change in the apo B gene creating an arginine
to glutamine substitution at the codon for amino acid 3500 of apo B-100 (R3500Q). The estimated
frequency of FDB heterozygote in the UK, the Netherlands and Germany is approximately 1/600-
1/700, and as high as 1/210 in Switzerland. The clinical and biochemical phenotype of FBD
heterozygotes bear some similarity to those of heterozygotes FH. However in FDB the mean levels
of plasma LDL-~cholesterol vary from those found in FH (i.c., above the 95th percentile) to only
mild elevated LDL-cholesterol, such as those found in polygenic hypercholesterolaemia [9,10].
Recently some FBD homozygotes have been reported. Their clinical phenotype is much less severe
than that of homozygous FH [11].

Polygenic disorders

Another mode of inheritance for primary hypercholesterolaemia has been called polygenic. In this
condition, several genes are thought to act in concert to raise LDL-cholesterol levels, The genetic
abnormalities contributing to this condition have not been determined. In principle they could
include mild defects in LDL-receptor structure, defects in the regulation of synthesis of LDL-
receptor, defects in the primary structure of apo B and overproduction of apo B-containing
lipoproteins or a combination of these disorders. Polygenic hypercholesterolacmia is considered
to be the most common form of primary hypercholesterolaemia.

Mutations of LDIL-receptor gene and functional defects in FH

The LDL-receptor is a composite protein of 833 amino acids, containing several functional
domains. Its production is tightly regulated by a sophisticated feedback mechanism that controls
the transcription of LDL-receptor gene in response to variations in the intracellular sterol content
and the cellular demand for cholesterol [8]. More than 250 mutations of the LDL-receptor gene
have been detected in FH patients, In some cases, mostly in FH homozygotes, the effect of these
mutations on LDL-receptor functions has been fully characterized. These functional defects have
been grouped into five major classes: (1) failure to express receptor protein synthesis;
(2) defective transport of receptor precursors from the endoplasmic reticulum to the cell surface;
(3) impairment of receptor binding to the ligand; (4) impaired internalization of the ligand-receptor
complex due to defective clustering of the receptor in the coated pits; and, (5) defective receptor
recycling. Defective LDL-receptor alleles can also be grouped more simply as recepior-negative,
in which either no receptor protein is produced or one is produced that retains little or no function,
and receptor-defective, in which a mutant protein that retains some residual receptor function is
produced. In receptor-negative FH homozygotes the plasma levels of LDL-cholesterol are higher
and the severity of generalized atherosclerosis and cardiovascular disease more severe than in
receptor-defective FH homozygotes {12-14].

FH-heterozygotes display a twofold increase in plasma cholesterol (generally above the 95th
percentile value for the population). Clinically overt coronary artery disease (CAD) usually occur
at the mean age of 45-48 years in males and 55-58 in females. Plasma total cholesterol and LDE -
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cholesterol do not allow unequivocal detection of individuals with LDL-receptor defects (FH) as
there is a great biochemical and clinical variability among FH heterozygotes even among affected
members of a single family [8]. This variability in LDL-~cholesterol might be partly related to the
type of receptor defect (residual function of the LDL-receptor encoded by the mutant allele) partly
related to other factors, such as for example the expression of the normal allele encoding the wild
type receptor, the apo E isoform pattern, or the production of apo B containing lipoproteins.
Although the impact of apo E isoforms on the inter-individual variation in plasma lipids has been
investigated in several studies, the results have given contradictory results, either showing no effect
of apo E2 isoform on LDL-cholesterol or showing an effect only in women or on other lipid
parameters. It is likely that in the presence of LDL-receptor mutation with a large effect
(especially with a null allele) any influence of apo E phenotype variation, well documented in the
normal populations, is obliterated [15,16].

FH heterozygotes with a documented LDL-receptor defect due to mutation in LDL-receptor gene
but with normal LDL-cholesterol levels have been occasionally reported. In one large FH kindred,
the presence of a putative LDL-cholesterol lowering gene with a dominant transmission has been
postulated. This gene, however, has not been identified yet [8].

HDL-cholesterol in FH

On average, plasma HDL-cholesterol levels in FH homozygotes and FH heterozygotes are usually
Tower than those observed in sex and age matched normal individuals. In vivo turnover studies in
a FH homozygote showed that the low level of apo A-I and HDL~cholesterol are due to the
combined metabolic defects of an increased apo A-I catabolism and a decreased apo A-I production
[17]. Recently, attention has been focused on the role of lipoprotein lipase (LPL) and cholesteryl
ester transfer protein (CETP) on influencing the plasma HDL-cholesterol levels in FH, taking
advantage of the observation of FH heterozygotes carrying a mutation of either LPL or CETP gene
(double heterozygotes). Since mutations of LPL gene known to cause a reduction of LPL activity
were associated to reduced HDL-cholesterol levels in FH-heterozygotes, it has been suggested that
partial LPL deficiency may play a role in lowering HDL-cholesterol in FH-heterozygotes [18].
Mutations of CETP known to induce the elevation of plasma HDL-cholesterol were found to be
associated to increased HDL-cholesterol levels in Japanese patients with heterozygous FH. The
raised HDL-cholesterol levels in these double heterozygotes do not seem to protect from the
development of coronary heart disease [19]. At any rate, since most prospective epidemiological
studies indicate that HDL-cholesterol levels are negatively correlated with the incidence of CHD,
it is conceivable that the level of HDL-cholesterol and particularly the LDL-cholesterol/HDL-
cholesterol ratio plays an important role in the development of atherosclerosis in FH heterozygotes.

Qther senetic fa nd the developmen AD in FH

Among the other genetic factors which are thought to confer additional atherosclerotic risk to FH
heterozygotes is Lp(a). Initial studies of unrelated and non molecularly defined FH suggested that
Lp(a) levels are significantly elevated in FH. Subsequent studies have produced contradictory
results and at present this problem is a matter of continuous debate. ~Although some studies
considered molecularly defined FH-heterozygotes and the apo(a) phenotype, the phenotyping
methods were not adequate for unequivocally define the apo (a) isoforms and their contribution to
the plasma level of Lp(a). The clear definition of apo(a) allele and apo (a) isoforms in these studies
is crucially important as the apo (a) gene locus is the major quantitative trait locus in the
population,
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The understanding of LDL-receptor function, its regulation by intracellular cholesterol content and
cellular sterol demands have allowed the development of therapeutic strategies specifically for FH-
heterozygotes. These strategies are aimed at increasing the production of LDL-receptors in the
liver, This goal is achieved by exploiting the regulatory system that controls the production of the
wild type receptor encoded by the single normal allele. The changes in intracellular concentration
of hepatic cholesterol are accomplished in two ways: (a) by the administration of an anion
exchange resin that binds bile acids in the intestinal mucosa, preventing their absorption, and
increasing the hepatic conversion of cholesterol into bile acids; (b) by reducing the intraceilular
synthesis of cholesterol by the administration of HMG-CoA -reductase inhibitors. Both these
strategies have been successfully applied to the treatment of FH-heterozygotes.

3. DNA DIAGNOSIS OF FH

The power of DNA diagnosis is cardiovascular risk assessment for primary prevention. In contrast
to current methods for risk assessment based on traditional and epidemiologically defined risk
factors, searching specifically for FH has several advantages. First, FH is a distinct entity with
known etiology, pathophysiology, signs, and symptoms. Second, due to its homogeneity, there is
much less variability between FH patients compared to the general population. Third, FH patients
have a significantly higher risk of CHD, compared to other hypercholesterolemic persons in the
general population. Only 20% of FH men reach 70 years of age (Table 1). Therefore, the
diagnosis of FH is a much better (about 50 times) risk predictor for CHD than any population-based
algorithm. In some cases, the diagnosis of FH can be made on c¢linical presentation, xanthomata,
very high cholesterol levels, and segregation analysis in family studies. However, phenotypes
overlap and family studies are complicated to perform. A DNA-based test for FH has several
advantages. The FH test provides a simple yes/no answer in terms of FH diagnosis. Cholesterol
concentrations, after all, are a continuous variable. The FH test is a definitive tool for family
tracing. The FH test is useful in the differential diagnosis of high risk patients. FH testing is
important for the wider screening of the population. Finally, there may, be some prognostic value
for FH testing in that "cholesterol years” is a more accurate predictor of risk than the early
identification of carriers with milder mutations.

Like in any other diagnostic procedure in clinical medicine, DNA diagnosis is based on a stepwise
protocol (Figure 1). The easiest way to establish the diagnosis of FH is to identify known
mutations. Direct identification of the DNA variant is possible by various methods involving
enzymatic amplification of genomic DNA using the polymerase chain reaction (PCR). These
methods should be selected based upon their reliability, automation, and integration into existing
electronic data management systems. Depending on the number of mutations in a given population
and the population’s allelic heterogeneity, multiplexing might lower the cost of a single test. When
most mutations within a population are still unknown, mutation scanning might be a suitable
intermediate step before diagnostic sequencing can be applied. Scanning methods include single
stranded conformation polymorphism (SSCP) and denaturing gradient gel electrophoresis (DGGE).
DNA sequencing is definitive in determining the underlying nucleotide exchange in instances of
unknown mutations, Alternatively, the DNA-based diagnosis can be established using an indirect
approach with genetic markers and cosegregation analysis. However, this analysis is only valuable
for excluding the diagnosis of FH if recombination events occur. The diagnosis is only made likely
depending upon the number of individuals under investigation and the family structure, However,
exclusion mapping might be helpful as a research tool to establish linkage to the LDL-receptor
locus before other scanning and sequencing methods are used. Indirect DNA diagnosis is
complicated by locus heterogencity and by the high frequency of hypercholesterolaemia,
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consequently generating multilinear pedigrees, and phenocopies. Knowing the mutations that
commonly occur within a given population is necessary for efficient direct DNA diagnosis.

A new DNA assay, an oligonucleotide ligation assay (OLA), based on both the polymerase chain
reaction (PCR) and oligonucleotide ligation methods has been recently established [20]. Successful
modification of this assay allows the identification of multiple mutations and to handle large
numbers of samples simultaneously. The test uses mobility modifiers, which allow the method to
be adapted to automated genotyping systems, thereby making it useful for analysis of large numbers
of samples. The OLA method could allow the identification of as much as 200 separate mutations
in a reasonable amount of time, Because of its automation, reference laboratories will be in a
position to provide this service for large numbers of patients at a reasonable price, Despite the fact
that this technology needs expensive equipment, its high degree of automation is very cost-saving
in terms of personnel and space. Additionally, a method has been developed so that a few drops
of blood on filter paper can be used, allowing the samples to be shipped through the mail.

An increasingly important issue in health care systems is cost effectiveness. In general, the efficacy
of any test system is based on its sensitivity, specificity, and prognostic value, Sensitivity is
defined as the ability of a test to identify as positive, all the patients who actually have the disease.
Specificity 1s defined as the ability of a test to identify as negative all the patients who do not have
the disease. Pretest probability, or disease prevalence, is crucially important. In genetic disorders,
pretest probability is generally low (1 in 300 for FH). Therefore, specificity i$ more important
than sensitivity, The test must not give false-positive results to avoid the treatment of non-affected
individuals,

Most clinical tests compromise between sensitivity and specificity, The main advantage of a DNA
diagnostic test is its very high specificity, in comparison to clinical criteria. Currently, determining
the cost of DNA diagnostic tests is difficult. None of the high throughput automated methods have
been applied in populations with known mutations. As with any other diagnostic test, the costs will
decrease considerably with full automation, large sample numbers, and experienced reference
laboratories. Currently, in a research environment, the cost of a DNA test is similar to the cost
of a single month’s drug treatment. Since the test needs to be done only once in a life time, its cost
effectiveness seems assured. The new tools in DNA diagnosis will particularly benefit subsets of
patients at high risk for premature atherosclerosis and CHD, namely those with a positive family
history.

4, CLINICAL CRITERIA FOR THE DIAGNOSIS OF FH

Criteria routinely used to identify individuals with heterozygous FH include tendon xanthomata,
corneal arcus, xanthelasmata, family (or personal) history of early coronary artery disease (CAD),
and biochemical measures (i.e., plasma LDL-cholesterol). Tendon xanthomata are almost
pathognomonic of FH, but are insensitive diagnostic markers, with prevalence (%) roughly equal
to age minus 10 in 346 Utah, USA FH (unpublished observations). Full ring, heavy arcus occurs
in about 50% of untreated British FH patients by age 50 years, but not until a decade later in any
non-FH individual {21}. In Utah, only 10% of unselected FH patients age 40-60 years old had full
ring arcus, with only 2% in patients age 20-40 (unpublished observations). Other historical and
physical findings are non-specific. For example, only about 5-10% of early familial CAD can be
attributed to FH [22,23]. Because the impetus for diagnosing FH is preventing or postponing an
early coronary event it is appropriate to focus diagnostic criteria on LDL cholesterol (LDL-
cholesterol), as other stigmata of FH contribute little to the deduction of present or likely future
arterial damage,
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In the absence of absolutely decisive predictive traits, arbitrary decision criteria must be used. Not
surprisingly, these incur compromises either of sensitivity or specificity, and arbitration by different
countries and organizations. More recent efforts to deal with different environmental, genetic and
mutational spectra, has led to a range of different criteria. For example, there are four criteria
used by the Simon Broome Register in the UK. For “definite” FH, both 1 and 2 must be present.
For “possible” FH, both 1 and 3, or 1 and 4 must be present. The criteria are:

1. Total cholesterol (TC) > 6.7 mmol/l (260 mg/dl) if under 16 years old or TC >
7.5 mmol/l (290 mg/dl) if over 16 years old or LDL-cholesterol > 4.9 mmol/l (190
mg/dl) if over 16 years old;

2. Xanthomata in first or second degree relative;

3 Family history of myocardial infarction under age 60 in a first degree relative or
family history of myocardial infarction under age 50 in a second degree relative;

4, Family history of TC > 7.5 mmol/l (290 mg/dl) in a first or second degree relative.

By contrast, in the Policy Statement of the European Atherosclerosis Society [24] an LDL-
cholesterol of 5.7 mmol/l (220 mg/dl) or TC > 7.8 mmol/l (300 mg/dl) were defined as
compatible with adult FH, although it has been noted [25] that adult FH patients usually have TC
> 9 mmol/l (350 mg/dl). Others have elected to refine the limits either on the basis of prior
likelihood or on the basis of age [25,26]. A recent report from Finland provides age- and sex-
specific LDL-cholesterol levels for a large number of DNA-verified FH patients and unaffected
relatives. Maximum likelihood diagnosis of FH based on LDL-cholesterol in DNA-verified FH
pedigrees resulted in 2% false-negative rate and 7% false-positives among 121 true FH patients and
87 true unaffected subjects [27]. Repeat plasma cholesterol measures may be needed to establish
diagnosis in children as levels can rise markedly with age [28]. Others found considerable overlap
in cord blood LDL-cholesterol levels comparing unaffected and FH neonates but little if any
overlap by 1 year of age {29].

For the US MedPed program (sec section 9, “Contacting & Helping Relatives™), previously
published criteria are used to diagnose patients within definite and probable FH pedigrees [26].
In that report, consideration was given to the prior probability that an individual would carry an
LDL-receptor mutation, For first degree relatives (1°), the prior probability is 50% (that is, the
probability that an individual has FH is 50% before considering total or LDL-cholesterol level
given that a first degree relative has FH). For second (2°) and third degree (3°) relatives prior
probability is 25% and 12.5% respectively. For the general population, the prior probability is
1 in 500 for most populations, Published age-specific means and standard deviations of total and
LDL-cholesterol for FH patients and for the general population were utilized and normal
distributions of these lipids were assumed within affected and unaffected groups (Figure 2). The
prior probability was used to define relative percentages of affected and unaffected persons
(assuming only these 2 distributions). Age-specific plasma LDL-cholesterol cut points were
determined for first, second, and third degree relatives of previously diagnosed FH patients and for
persons taken randomly from the general population. Cut points were selected to assure that
persons with an LDL-cholesterol level at the cutpoint would have at least 80% probability of having
FH and that the positive predictive value for all levels above the cut points would be at least 98%.
The cut points determined in this way are given in Table 2, The “100% probability” cut points
for LDL-cholesterol represent the level above which there is =299.995% certainty of belonging to
the higher (FH) distribution.

While the cut points in Table 2 can be applied in a straightforward manner for relatives of known,
diagnosed FH patients, clear guidelines for diagnosing new pedigrees or varying degrees of
certainty of the diagnosis were not published previously. To be reasonably certain that FH is
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present in a newly identified pedigree, both sufficiently high LDL-cholesterol in an individual and
some evidence for dominant transmission are essential. Evidence for pediatric cases increases
diagnostic certainty. Less certainty attends diagnoses based only on a single individual’s LDL-
cholesterol level. Specific diagnostic rules were devised for use in the US MedPed program using
these general principles. Using these rules, different levels of certainty (categories 1-4) are
assigned depending on strength of evidence for FH. Category 1 refers to homozygous FH.
Category 2 refers to heterozygous FH patients for whom definite DNA evidence of a functional
LDL-receptor mutation is present. Categories 3 and 4 refer to definite and probable heterozygous
FH diagnosed with clinical criteria. Maximum untreated LDL-cholesterol levels are used, these
values being supplied by the patients to the MedPed center. It should be emphasized that the cut
points presented in Table 2 were developed for a US population and may not be appropriate for
other populations with substantially different LDL-cholesterol distributions (see below). The
general scheme for how to apply these rules is shown in Figure 3. Any arrangement of family
members to satisfy the rules may be applied. The currently applied rules are as follows:

FH ecory 1 (definite homozygote t A wi

1.1  Homozygous or compound heterozygous LDL-receptor deficiency confirmed by
DNA methods.

1.2 Absence of cellular LDL-receptor activity using appropriate biochemical or
molecular methods.

1.3 Total cholesterol >»650 mg/dl in non-jaundiced patient age < 20 with triglycerides
< 200 mg/dl and both parents meet criteria for FH3 or better (see below). Note:
for clinical diagnosis, plasma phytosterols should be measured to rule out
phytosterolemia which can cause “pseudohomozygous” type 2 hypercholesterolaemia

[8).
FH Category 2 (DNA confirmed definite heterozygote) may meet any one of the following:

2.1  Specific mutation demonstrated by DNA technigues
2.2 Linkage of elevated cholesterol levels to the LDL-receptor locus demonstrated in
family and individual using DNA markers.

C definite clinical heterozysote) may m h lowing:

3.1  Adult relative of previously diagnosed FHI1, FH2, or FH3 meets appropriate 1°, 2°,
or 3° criteria for LDL-cholesterol or a pediatric relative meets either total or LDL-
cholesterol cholesterol criteria. This is the primary means of expanding pedigrees
once 1 or 2 cases of FH category 3 are diagnosed.

3.2  Tendon xanthoma present and LDL-cholesterol meeis at least first degree (1°)
relative criteria. This and the following are the only situations where the “clinically
definite” diagnosis may be made based on a single patient.

3.3 Isolated pediatric case (<20 years old) with LDL-cholesterol =260 mg/dl.

3.4 2 ormore 1° relatives meet “general population” criteria for LDL-cholesterol. Both
will be FH category 3.

3.5  One case meets “100% probability” criteria for FH and a relative meets appropriate
1°, 2%, or 3° criteria for LDL or a pediatric relative meets total or LD1.-cholesterol
criteria. Both will be FH category 3.

3.6  Isolated case at any age meets general population criteria for LDL-cholesterol and
a 1° relative <20 years old meets 1° criteria for total or LDL-cholesterol, Both
will be FH category 3.
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FH_Category 4 (clinically probable heterozygote) may meet any one of the following:

4.1 Relative of FH category 4 patient meets appropriate 1°, 2°, or 3° criteria for LDL-
cholesterol. (Affected relatives of FH category 4 patients remain FH category 4
until a case or cases in the pedigree are found to meet FH category 3 criteria, at
which time diagnosis may be upgraded to FH category 3 if criteria are met.)

4,2  Isolated case meets “100% probability” criteria for LDL-cholesterol - no other
information on family.

4.3  Isolated case age <20 with total cholesterol =310 mg/dl (no LDL-cholesterol
available}.

4.4  Tsolated case meets “general population” criteria for LDL-cholesterol and family
history meets either a or b:

a. Appropriate 1°, 2° or 3° criteria in relatives for total or LDL-cholesterol.
b. Strong family history of early CAD.

4.5 Relative of patient with FH category 3 or FH category 4 meets appropriate 1°, 2°
or 3° criteria for total cholesterol criteria but no LDL-cholesterol available.

4.6  2° relative of an FH category 3 or FH category 4 patient but only meets 1° criteria
for LDL-cholesterol.

4,7  3° relative of an FH3 or FH4 but only meets 1° or 2° criteria for LDL-cholesterol.

If a patient has LDI~cholesterol levels above one of the cut points in Table 2 but below the
“general population” cut point, and no relative is available, a diagnosis of “possible” FH (i.e., with
less certainty than probable FH) may be made. More definitive diagnosis would be deferred until
LDL-cholestero! levels are available from other relatives (no rules given for this situation).

A semi-quantitative method to assess the utility of these rules was devised based loosely on methods
used in complex segregation analysis. A likelihood ratio was calculated by first determining the
likelihood for the most likely “string” (product of all individual probabilities) for a hypothetical
family assuming presence of FH in persons meeting the above criteria and then dividing by the
likelihood of seeing the same family assuming all members were selected from an unaffected
population. When two first degree relatives (either parent-child or sib-sib) met the general
population cut points, the likelihood ratio was above 1000 even if only the two affected individuats
were considered. The same was true if one relative had an LDL-cholesterol = the 100% positive
predictive value and the other had an LDL-cholesterol = the first degree relative cutpoint. The
likelihood ratio was well under 1000 given only a single known case meeting the general population
cutpoint, Likelihood ratios in families meeting criteria for define FH3 were above 1000 while
families meeting FH4 generally showed ratios below this level.

It should again be emphasized that these criteria were developed for use in a US population.
Specific cut points would likely need to be recalculated for different populations. This may be done
easily with a spreadsheet program that incorporates a calculation for point probabilities of a normal
distribution given mean and standard deviation (such as Microsoft Excel). An obvious example of
the need to recalculate cut points for specific applications is familial defective apo B (FDB} in
which LDL-cholesterol levels are known to be lower on average and more variable than FH
[30,31]. Another example is Chinese obligate FH heterozygotes [32]. In Chinese FH
heterozygotes, not only are LDL-cholesterol levels much lower than FH patients in western
countries, but absolute CHD risk appears to be very low.

Table 3 gives calculated positive predictive values, sensitivities and specificities for several
populations using LDL-cholesterol cut points. The LDL-cholesterol cut points used in Table 3
were defined as the level at which probability for FH (or FDB) exceeded 80%. Utah FH levels
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were from 88 FH patients age 40 and over who were off medications but, for the most part, were
following relatively careful cholesterol lowering diets (NCEP step 2 or better). Interestingly, cut
points remain remarkably constant while sensitivity falls dramatically as FH or FDB levels more
nearly approach values seen in the unaffected population. These results follow directly from
standard screening test theory. Thus, while cut points in most populations may not differ markedly
(since mean LDL-cholesterol levels for unaffected individuals are relatively similar), ability to
identify affected individuals (sensitivity) drops dramatically as mean LDL-cholesterol decreases in
the affected population. A striking exception is the LDL-cholesterol cutpoint derived from Chinese
FH versus Chinese rural non-FH. This very low cutpoint, while associated with high sensitivity,
brings into question the utility of finding FH heterozygotes in this setting. While CAD rates in
Chinese FH and non-FH now appear to be low despite frequent cigarette smoking, this will likely
change as rural LDL-cholesterol levels rise to values more typically seen in urban settings [33].

Appropriate deliberation of the utility of identifying individuals with virtually normal plasma
cholesterol who carry a mutation which potentially causes severe hypercholesterolaemia in other
family members (as in FDB) may be considered. While perhaps not clinically useful for guiding
therapy in the phenotypically normal carrier, identifying the mutation could lead to diagnosis of
other pedigree members who expressed the more severe phenotype. Nevertheless, identifying
carriers who fully express the trait would appear the more imminently important public health goal.
In this regard, DNA testing would have less clinical utility than clinical biochemical criteria,
Currently, direct testing for specific LDL-receptor mutations is only feasible in populations with
Jarge founder effects. While recent development of high throughput techniques such as chip
diagnostics could change this view, the number of possible mild or non-penetrant LDL.-receptor
mutations is not known. Recent evidence suggests there may be twice as many single base changes
that do not cause recognizable FH as there are that do cause FH [34]. Others found that currently
available techniques of LDL-receptor mutation screening or LDL-receptor activity testing in isolated
cells had limited utility as diagnostic tests for FH [35]. If these findings are verified, clinical LDL-~
cholesterol prior likelihood criteria may become an even more valuable method for diagnosis of FH
probands from the general population.

5. TREATMENT OF FH ADULTS WITH MEDICATION

It is well accepted that patients with familial hypercholesterolaemia (FH) constitute a unique
population at high risk for the premature development of coronary heart disease. Studies conducted
prior to the availability of effective lipid-lowering drugs have indicated that without treatment the
mean age of onset of coronary heart disease in men with heterozygous FH is around 40 years of
age whereas it occurs some 10-15 years later in women. The chance of a man with heterozygous
FH suffering a myocardial infarction is 5% below age 30, 50% by age 50 and 85% by age 60.
Corresponding values for women are less than 1% before age 30, 15% by age 50 and 50% by age
60 [36]. Not surprisingly, the frequency of heterozygous FH is enriched by twenty to thirty-fold
in patients with premature coronary heart disease; patients with this disorder between the ages of
20-39 have a 100-fold increase in mortality from coronary heart disease compared to that predicted
from life table analysis [37). Thus, in the absence of therapy fo reduce LDL-cholesterol
concentrations many patients with FH will develop premature atherosclerosis which is likely to
occur at a time when they are productive members of society, often with family responsibilities.

Plasma concentrations of LDL-cholesterol in most adult patients with heterozygous FH exceed
250 mg/dl (6.5 mmol/l/L) and even in the absence of other cardiovascular risk factors qualify for
drug therapy based on the guidelines of the National Cholesterol Education Program in the United
States [38] and the European Atherosclerosis Society Guidelines in Europe [39]. Therapeutic goals
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in patients with less than two cardiovascular risk factors are to reduce the LDL-cholesterol
concentrations to less than 160 mg/dl (4.1 mmol/l/L). Most male patients with heterozygous FH
will have two or more cardiovascular risk factors (male gender and positive family history) and
optimum therapeutic goals in patients with two or more cardiovascular risk factors are to reduce
LDL-cholesterol concentrations to less than 115-135 mg/dl (3-3.5 mmol/l/L).  Current
recommendations for drug therapy as advocated by expert panels in the USA [38], Europe [39] and
the British Hyperlipidaemia Association [40] are summarized in Table 4. Fortunately, advances
in drug therapy have made these goals attainable in the majority of patients with heterozygous FH
who do not have coronary heart disease but the lower goals of drug therapy advocated for patients
with CHD [38] make these goals more difficult to attain in patients with heterozygous FH who have
already developed clinical evidence of CHD. The present report reviews evidence supporting
clinical benefit from drug treatment to reduce LDL-cholesterol concentrations in patients with
heterozygous FH as well as the efficacy of different drugs used alone and in combination in this
patient population,

Definition of the challenge

The challenge in patients with heterozygous FH is to prevent them developing premature coronary
atherosclerosis. This necessitates identification of patients with this disorder, characterization of
their lipoprotein profile and the exclusion of potentially exacerbating secondary causes of
hypercholesterolaemia (e.g., hypothyroidism), assessment of other known cardiovascular risk
factors and, where appropriate, intervention to modify these (e.g., smoking cessation) and then,
using this information, stratification of the individual patient with the establishment of therapeutic
goals for long term reduction in LDL-cholesterol concentrations. This invariably necessitates diet
and drug therapy and is likely to be most successful if the patient is well informed concerning the
goals of drug therapy, the need for ongoing treatment and, as treatment proceeds, the patient is kept
fully informed about the efficacy of therapy in reducing LDL-cholesterol concentrations.

The potential to prevent or even reverse atherosclerosis in patients with heterozygous FH is better
now than it has ever been, This is due to advances in drug therapy, particularly the development
of HMG CoA reductase inhibitors (statins), better methods for risk stratification (for exampile, the
inclusion of Lp{a) determinations) and results from clinical trials which have established therapeutic
benefit from reducing LDL-cholesterol in both primary [4] and secondary [3] prevention trials as
well as specific studies in patients with heterozygous FH.

Support for best current approaches to_freatmen

The increased plasma concentrations of LDL-cholesterol which are found in patients with
heterozygous FH promote accelerated rates of atherosclerosis but have also been shown to promote
endothelial dysfunction and affect the structure of red cells and platelets with adverse effects on
rheology and platelet aggregation. Drug treatment to reduce LDL-chelesterol concentrations in
these patients has now been conclusively shown to reverse these changes. Thus, in addition to
promoting regression of tendon xanthomas, drug therapy to reduce LDL-cholesterol concentrations
by 39-54% has been shown to arrest progression and promote regression of coronary
atherosclerosis [41,42], reduce intima media thickness in the carotid artery and promote regression
of aortic atherosclerosis assessed by trans-oesophageal echocardiography [43]. Drug therapy has
been shown to also improve endothelial function, decrease the cholesterol content of erythrocyte
and platelet membranes with a resultant improvement in rheology and platelet aggregation, and
reduce the concentrations of soluble endothelial leukocyte adhesion molecules [44]. These changes
are all in a direction which would favor non-progression or regression of atherosclerosis. Evidence
supporting the view that the lower the LDL-cholesterol concentration the better, has been provided
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by the angiographic studies of Kane et al [41] in which the LDL-cholesterol concentration attained
during 26 months of drug therapy was the best single predictor of angiographic progression or
regression in both men and women with heterozygous FH whose mean baseline LDL-cholesterol
concentrations prior to drug therapy was 283 mg/dl (7.3 mmol/l/L).

The decision to initiate and continue drug therapy in adult patients with heterozygous FH should
consider the age and gender of the patient, the presence or absence of other risk factors, the family
history of premature atherosclerosis, and the views of the patient concerning long term drug
therapy. Initiation of drug therapy in the late teens or early 20°s is appropriate for men with
heterozygous FH and for some female patients with strong family histories or other nsk factors
such as diabetes or high concentrations of Lp(a). It is appropriate to exercise restraint in the use
of drugs in young female patients with heterozygous FH in whom the onset of coronary artery
disease in affected female relatives has not occurred prior to age 60-65. Drug therapy should also
be deferred in female patients with heterozygous FH who plan to become pregnant and should not
be used in female patients during pregnancy or lactation. Concentrations of LDIL-cholesterol
increase significantly at the menopause and the magnitude of the increase is greater in patients with
heterozygous FH, Hormone replacement therapy should be considered an integral part of optimal
lipid-lowering therapy in post-menopausal women with heterozygous FH who do not have
contraindications to the use of oral estrogens. Reductions in LDL-~cholesterol of 15-25% with a
concurrent reduction in Lp(a) concentrations can be achieved with the use of 0.623 to 1.25 mg per
day of conjugated equine estrogen [45] which, in women who have not undergone a hysterectomy,
needs to be combined with a progestational agent.

Four major classes of drugs are currently used in the treatment of adult patients with heterozygous
FH. These drugs differ in their efficacy, patient tolerance and side effect profiles (Table 5), The
four classes of drugs are the HMG CoA reductase inhibitors (often referred to as statins) which
include lovastatin, pravastatin, simvastatin, fluvastatin, atorvastatin and cerivastatin, the bile acid
sequestrants  (cholestyramine and colestipol), nicotinic acid and the fibrates which include
gemfibrozil, fenofibrate, bezafibrate and ciprofibrate. Optimal treatment of most adult patients with
heterozygous FH who have not developed symptoms of coronary artery disease, and in whom the
goal of therapy is to get their LDL-cholesterol less than 130-160 mg/dl (3.4 - 4.1 mmol/VL),
necessitates reductions in LDL-cholesterol of at least 40-50%. Considerable variation in the
magnitude of LDL-cholesterol response to drug therapy exists in individual patients and with the
exception of the fibrates (which are generally used at a fixed dose), dose titration 1s appropriate for
patients treated with cholestyramine or colestipol, nicotinic acid and the statins,

Efficacy of drugs in_patients with heterozygous FH

The bile acid sequestrants, cholestyramine and colestipol, show a non-linear dose-response effect
with 15% decreases in LDL-cholesterol being attainable with two scoops per day (8 gm of
cholestyramine, 10 gm of colestipol) and this dose is usually well tolerated. Dose titration up to
a maximum of six scoops per day has been shown to reduce LDL-cholesterol concentrations by
20-30% in compliant patients but the higher doses result in increased side effects and sub-optimal
long term compliance. Very few patients are able to aftain satisfactory reductions in LDL-~
cholesterol using these drugs as monotherapy. Nicotinic acid (niacin) has been used for many years
in the treatment of primary hypercholesterolaemia due to its ability to reduce LDL-cholesterol
concentrations and concurrently increase HDL-cholesterol, reduce triglycerides and reduce plasma
concentrations of Lp(a). Side effects are common with this drug, however, and dose titration
assessing both efficacy and safety is mandatory. In patients able to take nicotinic acid, doses of
3-6 gm/day of a rapid-release formulation reduce LDL-cholesterol concentrations by 15-30% but,
as with bile acid sequestrants, monotherapy with this drug fails to achieve optimal reductions in
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LDL-cholesterol in the majority of patients with heterozygous FH [46]. In contrast to the bile acid
sequestrants and nicotinic acid, the fibrates are used at fixed doses. Gemfibrozil and clofibrate
reduce LDL-cholesterol concentrations by less than 10% and are inappropriate for use in the
treatment of heterozygous FH. Although ciprofibrate (100-200 mg/day), fenofibrate (300-400
mg/day) and bezafibrate (600 mg/day) have been shown to reduce LDL-cholesterol concentrations
by 18-31% in adult patients with heterozygous FH [46], this response is still suboptimal in most
patients and for this reason fibrates cannot be recommended as drugs of first choice in adult patients
with heterozygous FH. Inhibitors of HMG CoA reductase (statins) have gained widespread
acceptance in the treatment of hypercholesterolaemia and when used over the approved therapeutic
range three of these drugs, fovastatin, simvastatin and atorvastatin, can produce mean decreases in
LDL-cholesterol of greater than 40% in adult patients with heterozygous FH [46-48]. The dose-
response curves observed with all of the statins are non-linear but, within the therapeutic range of
these drugs, a doubling in dose generally results in an additional 6-8% decrease in LDL-cholesterol
concentrations. Table 6 illustrates percent decreases in the plasma concentrations of LDL-
cholesterol in adult patients with heterozygous FH (in some studies other genetic causes of
hypercholesterclaemia were included) treated with lovastatin (10-80 mg/day), simvastatin
(10-80 mg/day), pravastatin {20-40 mg/day), fluvastatin {20-80 mg/day), cerivastatin (0.2 and 0.3
mg/day) and atorvastatin (10-80 mg/day). With all of these drugs the individual patient response
to a given dose varies but the greater hypocholesterolaemic efficacy of simvastatin and atorvastatin
make these drugs the agents of choice for use in patients with heterozygous FH in whom individual
dose-titration can be undertaken with a goal of achieving target reductions in LDL-cholesterol. A
number of factors contribute to the variability in hypolipidemic response to statin drugs in patients
with heterozygous FH. These include compliance to diet and drug therapy, specific LDL-
cholesterol receptor mutations (null alleles are less drug responsive), gender and hormonal status,
body weight and BMI, apo E genotypes (B4 is less responsive), differences in hepatic drug
metabolism (CYP2D6 gene variations) and potential differences in compensatory increases in
hepatic HMG CoA reductase,

Combination drug therapy

Optimal reductions in the plasma concentrations of LDL-cholesterol in patients with heterozygous
FH in whom baseline values on a cholesterol-lowering diet exceed 300 mg/dl (7.8 mmol/l/L) or,
in those patients with muitiple risk factors or known coronary artery disease, are often not achieved
with monotherapy and in such patients combination drug therapy is necessary. The refractory
nature of many patients with heterozygous FH underscores the need for these patients to be seen
in a specialty lipid disorders clinic where expertise in combination drug therapy is available and
where potentially newer therapeutic approaches [49] (for example, extending the dose range of
statins) may be available. Combination therapy with a bile acid sequestrant and a statin is a safe
and effective regimen and takes advantage of the opposing metabolic effects of these two classes
of drugs. Reductions in the plasma concentrations of LDL-cholesterol of 54-64% have been
observed in adult patients with heterozygous FH treated with lovastatin, simvastatin or pravastatin
and cholestyramine or colestipol [46]. Other combined drug regimens are less effective. Triple
drug therapy with the careful addition of nicotinic acid can produce further reductions in LDL-~
cholesterol but this ternary drug regimen is associated with a higher risk of side effects and should
be used only in consultation with a lipid specialist.
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6. LDL-APHERESIS FOR FH HOMOZYGOTES AND UNRESPONSIVE
HETEROZYGOTES

LDL-apheresis can be used to treat patients with severe hypercholesterolaemia, particularly FH
homozygotes and FH heterozygotes with severe LDL-cholesterol elevations unresponsive to
medications, especially if they have evidence of coronary artery disease. Systems utilizing
immunoadsorption columns, dextran sulphate cellulose columns and heparin precipitation have been
most commonly employed. Newer methods include whole-blood compatible columns, double-
filtration plasmapheresis and lipoprotein (a)-apheresis. Treatment is often performed every 2 weeks
and LDL-cholesterol decreases about 70% immediately after treatment to about 30% just before
the next treatment. The cost varies between countries and systems used, but can be in the range
of U$$50,000 - US$100,000 per year of treatment.

In one large study, 19 homozygotes and 1500 heterozygotes were collected in Kanazawa, Japan,
Eight of the 9 deceased homozygotes died of coronary heart disease (CHD) and the long-term
safety and efficacy of intensive cholesterol-lowering therapies with low density lipoprotein (LDL)-
apheresis for the management of heterozygous FH patients was studied. One hundred and thirty
heterozygous FH patients with CHD documented by coronary angiography had been treated by
cholesterol-lowering drug therapy alone (n==87) or LDL-apheresis (n==43), Serum lipid levels and
outcomes in each treatment group were compared after about 6 years. Both treatment groups
showed significant reductions in serum cholesterol, LDL~cholesterol and HDL-cholesterol fevels,
LDL-apheresis significantly reduced serum cholesterol and LDL-cholesterol levels from 358466
to 14426 mg/dl by 61% and from 287167 mg/dl to 97+27 mg/dl by 66%, significantly, as
compared to the drug therapy group from 307+48 mg/dl to 229+61 mg/dl by 25% and from
233151 mg/dl to 167459 mg/dl by 28%, respectively. On the analyses of Kaplan-Meier of the
coronary events including non-fatal myocardial infarction, PTCA, CABC and death from CHD,
the rate of total coronary events was 70% lower in the LDL-apheresis (7%) than in drug therapy
(23%) at 5 years after treatment (p<<0.03). Therefore, LDL-apheresis is effective, and may
become the therapy of choice in severe type of heterozygous FH as well as homozygous FH.

7. ROLE OF DIET AND TREATING CHILDREN WITH FH
How effective is diet in reducing cholesterol in lts and children wi 7

There are no controlled studies of the diet in FH and many children or adults with FH may be
disappointed that serum cholesterol levels are only modestly decreased by dietary changes.
However, dietary change is the cornerstone of therapy for FH at all stages of atherogenesis. A low
fat, high carbohydrate diet designed to treat hyperlipidaemia and to have an anti-thrombotic action
has been developed and tested in scores of metabolic experiments in the course of the past few
decades. This diet should emphasize the type of fatty acids in the diet, as well as excessive calories
in the obese [30]. Lipid levels are clearly affected by the diet and obesity in FH [51]. Stepwise
changes in the diet should be made. An achievable goal is </ 10% of energy from saturated fat,
<30% of energy from total fat and < 300 mg cholesterol/day. Some saturated fat should be
replace by polyunsaturated (plant and fish) fat and monounsaturated fat. The traditional relationship
between poly-, mono- and saturated fat has been a 1;1;1 proportion, however increasing evidence
suggest that a relationship of 1:2:1 leads to a better profile. One problem is that increasing foods
with poly- and monosaturated fat for children may be difficult [52]. Depending on the baseline diet
and levels of fat restriction that are achieved, dietary changes may lead to about a 3-20% reduction
in serum cholesterol level [50]. This expectation has been confirmed in a review by Assoulini et
al [53]. Naturally, very few FH patients have been unaffected by the traditional dietary
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recommendations in their family before they meet a dietician, thus their baseline diet may already
be appropriately restricted in fat, - Further dietary changes include suggestions to increase intake
of antioxidants and phytochemicals by increasing fruit and vegetables, and if obesity is not a
problem, adding nuts and oils to the diet. The latter idea may be foreign to FH patients who think
of all fat as bad fat.

Among 96 boys and girls with FH (mean age 8.4 years; 92% carried a characterized LDL-receptor
mutation) followed for one year at the Lipid Clinic in Oslo, Norway, serum LD1L-cholesterol
decreased by 5% with dietary modification alone {54]. The children had visited the clinic one to
nine times before the study started. Dietary composition based on 4-day weighed dietary records
showed that 23% + 5% energy came from total fat, 8% + 2% from saturated fat, 5% & 1% from
polyunsaturated fat, 8% +2% from monosaturated fat, 15% + 2 % from protein and 62 + 5%
from carbohydrate. Cholesterol intake was 67+28 mg/1000 keal. This is a diet typical of the
Lipid Clinic goals for children with FH in Oslo. Subsequent study showed that total and saturated
fat may be underestimated, though only by about 1-2%, when weighed food records rather that a
quantitative food frequency questionnaire are used [55]. Thus, food records are mainly of
pedagogical value, to ensure understanding of the diet, A 24 or 48 hour recall may provide a
valuable spot check on the diet [51}. Encouragingly, adherence to the diet is associated with
increased micronutrient density, including vitamin C, folate, riboflavin, thiamine and magnesium
[55). For children who dislike skim milk and fat-restricted dairy products, calcium supplementation
should be recommended. Fat soluble vitamin levels are normal in children following low fat diets,
but vitamin D supplementation in the form of cod liver oil is recommended in Northern countries
like Norway [56].

Data from long term dietary studies is sparse. Impression is that the diet is stable over time,
though adolescence may be a turbulent stage when opposition to authoritarian recommendations
would not be surprising. Children with FH who have received professional dietary counsei do not
report more food dislikes than controls, suggesting that specific food aversions are not established
by dietary advice [52].

The euidelines to be followed to ensure the full benefit of diet therapy

It is recommended that families with FH attend the initial consultation as soon as possible after
referral, and as soon as the lipid results are back from the laboratory. Enough time should be
provided for the family and the children to become acquainted with the clinic and ask questions,
usually one hour with the physician and one hour with the specially trained dietician. Later, the
allocated time may be 15 minutes with the physician and 15 to 30 minutes with the dietitian,
depending on the specific problems or items to be discussed. In addition, prepared printed
materials suitable for adults and children maybe made available.

At the Lipid Clinic in Oslo, Norway, children under the age of 5 years (except in the case of
homozygous FH) are seldom scheduled. The dietician and physician should not engage younger
patients too vigorously with problems that are hardly understood by their parents. A regular follow
up scheme must be determined at the first visit. It is generally agreed upon to see the family back
3 and 6 months after the first visit. Our experience is that the children usually only need to be seen
by the dietician. By establishing close follow-up early on, the foundation is hopefully laid for an
ongoing good relationship. Then the plan is to see the child once a year. Importantly, regular
visits should not be interrupted just because there are "no problems at the moment". Careful follow
up of the height and weight development is necessary at every visit to ensure normal growth,
Underweight is rarely seen among our children with FH, rather the opposite.
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Both the biological mother and father should be asked to accompany the child at the first visit.
Later, the parent in charge of the household and food-administration is asked to be present. From
the age of 8 years, the child may talk to the staff alone, without the parents present, if the parents
agree. Then the entire family meet the doctor and the dietician for a short summary talk at the end
of the consultation. The staff try to teach the children early on to take responsibility for their own
diet.

The parents might focus on the need for medication in early consultations, The Lipid Clinic in
Oslo has developed a classification of risk category for children and adolescents with FH regarding
use of drugs (Table 7) [57). Based on the risk category, recommended ages for starting drug
treatment are presented (Table 8). Because a long term (30 years?) double blind study in FH-
children will never be performed, the risk category must be based on the family history, lipid
profile, and perhaps non-invasive monitoring of atherosclerosis [58). Up to one-year double blind
studies of resins have documented their safety [54,59]. Supplementation of fat soluble vitamins is
prudent. Compliance with resins is poor. It is disappointing that none of the pharmaceutical
manufacturers of the new statins have been interested in performing a long term double blind study
with a statin to show its safety in childhood and adolescence, though short term studies have been
performed [60]. Statins are approved from the age of 18 years,

main approaches for helping children wi

The Oslo Lipid Clinic has not arranged courses for adolescent children with FH who already have
started smoking, however, the utmost is done to prevent initiation of smoking, The role of nicotine
substitution in adolescence is not well established, but many adolescents are nicotine-dependent.
Many parents with FH still smoke cigarettes. Approaching young children about smoking may
influence parental readiness to quit smoking positively.

Many children participate in sports at school or home and it is important that the clinic personnel
support these activities.

The Lipid Clinic has encouraged the arrangement of meetings for families with FH by the Family-
Heart-Lipid organization independently of the Lipid Clinic in Oslo, Themes have ranged from
emotional to medical treatment, Many families have expressed appreciation for these courses.

8. PSYCHOSOCIAL ASPECTS OF FH

The diagnosis of FH is based on identification of high LDL-cholesterol levels and evidence of an
autosomal dominant mode of inheritance., Some cases may be identified through the physical
finding of tendon xanthoma, however, xanthoma is uncommon in young persons with FH. Thus,
in order to properly make the diagnosis a complete family history and laboratory values of family
members must be obtained. Tracing FH by examining other members of affected families has been
shown to be a highly efficient method of case ascertainment [62]. FH meets the World Health
Organization criteria for a worthwhile screening program. FH may be detected in the preclinical
phase, the test for FH (family history, serum lipid measurement, and in some cases, DNA analysis)
13 accurate and acceptable and treatment is effective and does not cause unacceptable side effects.
However, there are several differences between screening for diseases, as neonatal hypothyroidism,
and screening for the risk of disease, as is the case for FH and future coronary artery disease, even
when the risk of disease is extremely high. As a result, several questions have been raised in
regard to the psychosocial aspects of testing for FH.




WHO/HGN/FH/CONS/98.7
page 17

Psychosocial barriers in FH

The psychosocial barriers to the effective diagnosis and treatment of FH include the following
concerns:

L The effects of labelling or identification as a person with a disease (psychological
distress)

. Difficulty in obtaining adequate insurance and employment

. The ethics of contacting relatives

. Counsel regarding progeny

Psychological distress

The effects of identification as a person carrying a severe risk factor may lead to diminished well
being, feelings of illness, or fear of future disease. If the remaining life-years after diagnosis are
far less enjoyable than a shorter, but happier, life span had the condition not been detected, the
risk-benefit equation becomes less favourable. A recent comprehensive review of studies that
monitored psychological state among screenees found very little evidence for long term distress,
even among people who had been exposed to carcinogens or who were informed of abnormal
genetic test results [63]. In the case of elevated blood pressure and cholesterol levels, screening
appeared to result in improved subjective well-being among those diagnosed in some studies.
People who agree to be tested are by definition self-selected, and perhaps ready to deal with the
results of the test and change their lifestyle [64].

Only sparse data is available on the psychological state of patients diagnosed with FH. Among 57
index patients and 93 relatives examined in Denmark, one-third had established cardiovascular
disease [65]. Among those without cardiovascular disease, 10% reported diminished well-being
after the diagnosis of FH and 4% reported feeling ill. Both responses were significantly increased
among respondents who already had cardiovascular disease (24% and 15%, respectively). While
44 % of the total expressed some anxiety because of FH, only 6% regretted that they were aware
of their disease diagnosis.

Similar findings were made in a study of 154 single or pairs of parents of children with FH aged
7-16 years in Norway [66]. Only 11% believed that their quality of life would have been better
if the diagnosis of FH had not been made and 5% agreed in part (none in whole) that they wished
that the diagnosis had not been made. The children were interviewed using a semi-structured,
standardized tool, the Child Assessment Schedule {67]. Results were compared with a
well-functioning population-based sample of children. We found no difference in psychosocial
function between the children with FH and the controls. In order to increase sensitivity, we asked
about worry and symptoms due to FH. Children with FH tended to worry more than their cohorts
that their parents would get sick or die, but none reported worry about FH that interfered with their
usual activities. No more children with FH than the controls worried about their own health.

Many families with FH already know about early heart attacks in their relatives and may assume
that they have a high risk of disease. However, before screening and counsel many do not know
that they have a 50% or better chance of not carrying the risk, or that the risk of early death can
be lowered considerably with cholesterol-lowering drugs, Thus, diagnosis and treatment lessen
anxiety. Assessment of risk and treatment should always be done by a competent health
professional who understands the pathophysiology and reversibility of atherosclerotic disease. This
knowledge may be obtained by physicians with different specialties or areas of interest.
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Insurance and employment

Several reports have highlighted difficulties that persons with FH but no CAD may experience
when applying for life, disability or health insurance [68]. In some countries, premiums may be
increased for persons taking cholesterol-lowering drugs or for persons with elevated cholesterol
levels. Treatment with a cholesterol-lowering drug appears to lower risk compared with no
treatment even when the post-treatment cholesterol levels in treated persons are similar to those in
the control group {69]. Moreover, if FH leads to timely and appropriate treatment and changes in
lifestyle, the individual with FH may be at lower risk of cardiovascular disease than other members
of the population with unaddressed dietary or polygenetic hypercholesterolaemia and other risk
factors. Children and youth with FH are more likely to be screened than other children and thus
may have to pay higher premiums from an earlier age if health insurance is sought [68], even
though they may achieve lower ultimate risk levels than those of untreated children with several
risk factors. In other countries, such as the Netherlands, premiums depend on the treated
cholesterol level, thus, patients with FH who are adequately treated would not pay higher premiums
than others (personal communication, Joep Defesche). In the USA, basic coverage at time of
employment does not depend on health status, however, additional coverage may require medical
information,

The advent of genetic testing for FH means that genetic information may potentially reach insurers.
Some insurance companies are starting to ask questions about genes. Should people who take the
test be required to give the results to their insurance company? A positive test may be defined as
a pre-existing condition and be used to deny coverage. In the USA, some states, and recently the
Federal government, have enacted laws to protect against the use of genetic information to deny
health insurance., In contrast, in the UK, the Association of British Insurers has determined that
the results of genetic tests should be taken into account when new applications for life insurance
over a certain sum are being considered. A subsequent poll showed that 28% of respondents said
they would not take a genetic test when required to disclose the results to their insurance company
[70). This suggests that in order to retain the public’s confidence in genetic testing, testing should
be done under conditions of strict confidentiality. This principle is sound and in accordance with
the multifactorial nature of coronary artery disease.

The ethics of contacting relatives

An inherited pattern, shared among a kinship, is relevant to every one of its members, present and
future. However, the family-related implications of genetic tests raise ethical questions about
choosing between the duty to inform family members who may be at risk and protecting the
confidentiality of the patients. In most countries, the index patient is either asked to contact family
members directly (Scandinavia) or he or she is asked to give permission for family members to be
contacted by the physician (Australia, the USA, the Netherlands). This permission is generally
given, though a few patients may refuse. In a recent survey in Norway, 77% of a representative
sample of the population would agree to be tested for hereditary high cholesterol if they had a
relative with the condition and if treatment consisted of diet and medication [71]. Of these, 70%
preferred to know about the condition regardless of the degree of risk of discase. 74% of
respondents who agreed to screening for FH preferred to be contacted by the physician, while 19%
preferred to be contacted by relatives, Patients who are asked to contact family members may be
more likely to contact close relatives, such as children, rather than siblings or others (personal
observation). These observations suggest that privacy laws should probably be modified to allow
physicians to contact family members when permission is given by the index person,
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Two further problems in regard to screening relatives arise at opposite ends of the diagnostic
spectrum. On the one hand is the possibility that screened relatives may be less severely affected
than the index patient, thus explaining why the index patient and not the relative came to medical
attention, What to do with relatives showing low cholesterol levels of about 4-6 mmol/]
(155 - 232 mg/dl) and a positive gene test has not been clarified. Such persons are more likely to
be found with the advent of genetic testing. This author suggests that a careful analysis of total risk
should be performed. Drug treatment should be reserved for those who meet standard guidelines
for treatment (National Cholesterol Education Program or the European Atherosclerosis Society
guidelines).

On the other hand some relatives will be told that, based on results of cholesterol levels and/or
genetic tests, they need not worry about a specific genetic risk. However, the person cleared to
proclivity to FH is certainly not cleared of the risk of coronary artery disease. Again, a careful
analysis of total risk should be done. In addition, the need for repeated testing with age, as in the
general population, should be emphasized.

Counsel regarding progeny

Though several treatments for children with homozygous (i.e., doubly affected) FH are available,
the treatments are costly, painful and not yet conclusive. Therefore, persons with heterozygous FH
are advised not to have children with another person with FH or abortion of homozygous fetuses
may be advised. The effect of this advice on psychological well-being and outcome has not been
evaliated. Because heterozygous FH is eminently treatable, couples with only one heterozygous
spouse may chose to have children.

9. APPROACHES FOR CARDIOLOGISTS SEEING FH ADULTS

Cardiology is to a large extent either an acute care discipline or a semi-surgical discipline with
highest priority given to diagnosis and treatment, especially of myocardial infarction, and to
invasive procedures like angiography and angioplasty. These responsibilities have tended to deflect
the attention of cardiologists from the possible metabolic or genetic background for coronary artery
disease including FH.

These priorities will hopefully change due to three developments. One is the publication of studies
demonstrating that lowering of plasma cholesterol inhibits progression of coronary atherosclerosis
[41] and improves survival of coronary patients [3]. Another is the emergence of the preventive
cardiologist with the explicit responsibility to assess and reduce individual risk of recurrence of
disease [72]. The third is that cardiology, like other medical disciplines, 18 turning molecular.
Cardiologists are learning that not only FH but also the long QT syndrome and some of the
cardiomyopathies are genetically determined,

There is therefore reason to hope for better medical and cardiological care of patients with familial

hypercholesterolaemia. What can reasonably be expected of cardiologists without a primary interest
in prevention or molecular medicine? There are three tasks.

Detection and diagnosis

First, FH must have a place in the hierarchy of diagnostic considerations. If chest pain is likely
to be coronary in origin, coronary stenosis or occlusion can be due to atherosclerosis or to one of
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many other but less common diseases. FH is a relatively rare cause of coronary atherosclerosis,
but about 5% of middle aged patients with coronary artery disease do in fact have FH [8].

The cardiologist should be alerted to the possibility of FH by the family history, and when he/she
looks for extravascular cholesterol deposits in the eyes (arcus comeae), skin (xanthelasmata) and
tendons (xanthomata), he/she should know that FH is almost certain if extensor tendons are
thickened. He/she should also know that absence of any of these signs does not exclude FH.

He/she should measure plasma lipids: FH typically causes plasma cholesterol to be over 8 mmol/l
(310 mg/dl), due to high concentrations of low density lipoproteins (LDL-). LDL-cholesterol is
typically over 6 mmol/l (232 mg/dl). High density lipoproteins (HDL), measured as cholesterol
(HDL~cholesterol), and triglycerides are usually normal. He/she must be aware that acute
myocardial infarction, like other acute diseases, temporarily lowers plasma cholesterol by as much
as 30% within a few days.

These simple things can be done, if not in the emergency room, then at the latest on the following
day. If the patient has not survived, the physician or the pathologist should still palpate extensor
tendons, and the physician should ask the widow/widower about their spouse’s family history.
Compassionate enquiry is usually appreciated even at that early moment.

What can the cardiologist do about family screening? Risk of the disease is 50% for each brother,
sister and child. This must be told to the widow/widower so that he/she or another knowledgeable
physician can ensure that plasma cholesterol is measured in first degree relatives and that relevant
advice i1s provided.

Whether the cardiologist should ask for genetic testing depends on the setting. It is a good idea
if reliable tests can be performed for most of the mutations that cause FH in their country or
catchment area. If that is not the case, the sensitivity of genetic testing is too low to be useful.

Indications for treatment

The choice of treatment is rarely the difficult part, The difficult part is indications: who, when and
how aggressively to treat. FH is compatible with normal life expectancy, but FH can also kill
patients before middle age and even in childhood [37]. The arteries of patients with FH have been
exposed to hypercholesterolaemia virtually from birth. FH patients are therefore likely to have
more advanced atherosclerosis than patients of the same age with an acquired hyperlipidaemia of
similar degree.,

The cardiologist is well qualified to make a sound judgement based on two approaches. One is
assessment of presence of other risk factors. They include family history of very early coronary
heart disease, smoking, low HDL-cholesterol, hypertriglyceridemia, and high Lp(a). A fifteen year
old child with FH should not be treated, if he or she does not smoke and comes from a family in
which coronary heart disease occurs late in life. But treatment, even with drugs, should be started
in a child of the same age whose father died of coronary disease at the age of 25.

The other is assessment of whether the patient already has coronary atherosclerosis. The
cardiologist should enquire about symptoms of general atherosclerotic disease, palpate pulses, listen
for bruits and murmurs, and exploit judiciously the paraclinical facilities at his disposal.

Myocardial damage can be assessed by electrocardiography, at rest or during exercise, as well as
by echocardiography and myocardial scintigraphy, but these techniques provide little information
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about non-stenotic disease in the coronary artery wall. Such disease can rapidly and unpredictably
progress to occlusion, and if calcification is present, it can be detected non-invasively by thoracic
fluoroscopy and by more sophisticated techniques like spiral or electron beam computer tomography
[73].

These techniques will hopefully soon be developed to the point where they can be used reliably and
at reasonable cost to monitor disease development in the FH patient. More research will be
required, however, to establish the age at which such monitoring should be started.

Treatment

The organization of treatment of FH should be predicated on two considerations. One is the
prevalence of the disease in most countries (1:500). The other is that treatment modalities span
changes in life-style to high cost instrumental treatment available only in referral hospitals.
Cessation of smoking, a cholesterol lowering diet, and one or more lipid lowering drugs will often
be needed. Rare patients with very severe hypercholesterolaemia need LDL-apheresis.

The cardiologist will almost never have the interest, all the skills nor the capacity to care for most
of the FH patients that he should detect. He must therefore be familiar with the ability of general
practitioners, dieticians and nurses as well as other specialist physicians in his region to participate
in the treatment of his patient with FH.

10. LONG TERM FAMILY PHYSICIAN APPROACH TO FH

Do some primary care physicians fail to diagnose & treat FH correctly?

Failure to diagnose FH

It was shown [62] that about 40% of FH patients were not aware of their condition (50% of first
degree and 25% of second degree relatives); their primary care physician (general practitioner)
wag either not aware of the diagnosis, had failed to communicate the diagnosis, or had
communicated the diagnosis unsuccessfully, They diagnosed FH in only 31% [62], the remainder
having diagnoses of: other familial disorder (18%), high fat diet (13%), obesity (3%), no diagnosis
(32%).

Some patients with recognised hypercholesterolaemia (HC) may not be aware of the familial nature
of their condition, e.g., when patients have no access to family histories (through divorce of parents
or adoption), and when the family history is misleading or inaccurate.

Other patients (particularly near-relatives of index FH patients) may not be diagnosed with FH
because they have only moderate HC without the signs of tissue cholesterol deposition that are
usually associated with more severe HC (arcus senilis, tendon xanthomas and xanthelasma).
Physicians may therefore "under-call" their HC status. Williams and colleagues [26] have shown
that FH diagnostic cut-off points for total and LDL- cholesterol levels are considerably lower in
near-relatives of index patients compared with the general population; physicians need to be aware
of these differences in cut-off levels.

The "gold standard" for the diagnosis of FH is the detection of the > 250 mutations in the gene
coding for the LDL-receptor. Many countries do not have facilities for the molecular diagnosis of
FH, and rely instead on clinical criteria alone. Certain patients may be misdiagnosed using clinical
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criteria (for example those with familial defective apoB). It remains unclear whether the use of
clinical or molecular criteria for the diagnosis of FH leads to more effective case-finding.

Failure to treat correctly

It was found [62] that >50% of FH patients were not receiving therapy for their HC, either
because they were not aware of their condition or had ceased medication.

Failure to control HC adequately occurs frequently in FH, Patients with heterozygous FH often
have baseline total cholesterol levels above 10 mmol/l (385 mg/dl). While normalization of
cholesterol levels in FH was first described in 1981 [74], most studies have reported treatment
levels well above target in spite of maximum drug therapy.

It was also found [62] that <25% of FH patients had cholesterol levels < 90th percentile for age.
In a recent study [75], Williams found that many FH patients treated with statin therapy still had
total cholesterol levels >6 mmol/l (232 mg/dl). Illingworth [76] reported that in one-third of
treated FH patients, LD -cholesterol levels remained >5.2 mmol/l (200 mg/dl), and >4 mmol/l
(155 mg/dl) in 75-80%. Leitersdorf et al [77] achieved L.DL-cholesterol reductions < 5.2 mmol/l
(200 mg/dl) in 15 of 22 patients treated for 60 months with triple therapy.

Many patients however, cannot tolerate either resins or nicotinic acid even in low doses, leaving

the physician with only partially-effective therapy. This situation is likely to change in future with
the use of higher doses (80 mg/day) of simvastatin, and atorvastatin(40-80 mg/day) [78].

What can be done to help primary care physicians manage FH patients more effectively?

The many ways to assist primary care physicians in managing FH patients include:

L. Education to improve awareness and knowledge of:
* clinical criteria for the diagnosis of FH
* current drug therapy for FH
* goals for therapy of HC
* the need for family screening
Educational tools include presentations by experts at seminars, newsletters, journal
articles, abstracts, publications, books, book chapters and group discussions.
Improved patient access to dietitians.
Improved access to lipid specialists to review patients and advise on therapy; lists
of local lipid clinics and lipid physicians should be available.
Improved patient availability of group therapy with lipid specialists, dietitians,
genetic counsellors and demonstrators of cooking methods to control cholesterol.
Improved availability of personnel for carrying out family screening (e.g., MEDPED
FH program), follow-up of patients and relatives to determine adequacy of treatment
and compliance (e.g., MSD HeartCare program).
Improved patient access to self-help groups (e.g., Family Heart Association of UK).
Improved access to specialist groups interested in the management of HC
(e.g., British Hyperlipidaemia Association).
Improved patient access to clinical psychologists/psychiatrists to assist in problems
with compliance related to psychological issues.
Provision of computerized flow charts of patient lipid results in relation to therapy
and target lipid levels [75].
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In_the absence of any special support, what % of FH_patients persist in taking medications
prescribed for 3-5 vears?

Few studies have reported long-term compliance in FH, Knops et al [79] reported that 42 of 44
FH patients continued to comply with simvastatin therapy over a 6 year period. Leitersdorf et al
[77] reported compliance of 89-98% (fluvastatin), 83-98% (bezafibrate) and 73-94% (low-dose
cholestyramine) in 22 patients over 5 years.

Most participants in the MEDPED FH program [80] have experienced >90% long-term
compliance with statin therapy in FH patients (personal communications).

What are some of the barriers to long-term compliance? What can be done to overcome them?

According to Rand [81], poor compliance is associated with preventive rather than curative
regimens, with asymptomatic rather than symptomatic patients, and with prolonged rather than
short treatment pertods - all mitigating against successful compliance in FH.

Other barriers [81] include side effects of drug therapy (particularly resins and nicotinic acid),
complexity of regimen (number of doses, behavioural change required, timing of doses etc.),
patient dissatisfaction with the health care provider, and social/physical barriers (language
problems, lack of family support, expense of consultations, tests or drugs).

1t follows that compliance should be improved by simple drug regimens which lack side effects,
high patient satisfaction with the therapist, adequate family and social support, optimal
communication and lack of financial and emotional stress. Physician attitude is a key issue; a
non-accusatory, open-ended approach is required [81].

Does the registration and periodic contacting of FH patients help improv herence to treatment?

Registration and periodic contacting of FH patients certainly has the potential to improve patient
compliance, but data to support this concept must await further experience with such programs as
MEDPED FH in various countries, particularly the USA, Canada, the Netherlands and Germany
[82,83].

Preliminary data from the US Treatment Support Program [75] have shown improvement in the
therapy and lipid levels of FH patients whose physicians were contacted regarding recommended
therapy, and who received computer-generated flow charts of lipid levels and medication.

11. CONTACTING AND HELPING RELATIVES WITH FH

An International project, MedPed (Make Early Diagnosis - Prevent Early Deaths in MEDical
PEDigrees), concentrates on families with dominant inherited diseases in order to identify those
members at risk for significant morbidity and mortality. From initial index case identification,
many close relatives are identified with this same genetic disease by an approach that is efficient
and cost effective [82]. In addition, education, treatment, long term support and compliance is
thought to be more effective when involving families instead of individuals. Heterozygous FH
(hFH) is a single gene disorder that has been well described {8] and lends itself as an excellent
model to the MedPed approach. MedPed currently involves over 180 collaborators and over 30
countries world-wide (Table 9). International MedPed has grown from approximately 800
identified hFH cases in 1994 to over 30,000 by 1998.
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Heterozygous FH can be a deadly disorder resulting frequently in fatal heart disease in the fourth
and fifth decades of life in men and a decade later in women. Fatal coronary artery disease (CAD)
can occur as early as the second decade in life [37]. In persons with abnormal lipids values and
positive CAD family histories, the National Cholesterol Education Program (NCEP), European
Atherosclerosis Society (EAS) and Canadian Consensus Conference on Cholesterol advocates the
screening of close relatives [24,84,85]. Targeting hFH patients for follow up and treatment, even
as early as childhood, [61,86] should greatly reduce the risk of early heart disease [41,42].

Heterozygous FH does not require specialized experimental genetic treatment for patients to live
longer lives. Government approved treatment exists and is readily available in the MedPed
countries in Table 9. Changes in diet, starting potent HMG-CoA reductase inhibitors and other
medications are relatively easy to implement, Individuals in these high risk families need to be
made aware of the possibility of having hFH and that current treatment is available, For these
reasons, finding an easy method to locate and educate these individuals becomes even more crucial.
Since hFH is uncommon in the general population (approximately 1 in 500), mass screening efforts
to 1dentify these patients is tedious and discouraging [87,88]. MedPed provides a method to avoid
costly general population screening, yet is practical and easy to implement [62].

The MedPed approach works best with dominantly inherited disease, such as hFH., Once a case
of hFH is identified, other affected relatives are readily found. Other dominantly inherited
diseases, where effective treatment currently exists, also lend themselves to this approach. These
include familial defective Apo B (FDB), sudden arrhythmic death syndrome (long QT),
glucocorticoid remediable aldosteronism (GRA) with hypertension and early strokes, and possibly
several cancers of the breast and colon. A description of the International MedPed project method
is presented in detail.

MED-PED Approach

MedPed has experimented with several different approaches to tracing relatives of known index
cases. In general, comparable methods are employed by all MedPed collaborators. Informed
consent and permission to contact relatives varies by country and not all described methods can be
employed by every collaborating country (Figure 4.) |

The cost of various methods was studied by the US MedPed [62]. Initially, mass screening was
tried using cholesterol screening in shopping malls and by government health agencies but costs
were high. Next, a more efficient approach was used where hospital discharge data from patients
with very early heart attacks was screened to find FH cases and was still found to be quite
expensive, Mailing a questionnaire (lengths vary country-to-country) to possibly affected
individuals is currently a standard approach used. In this study, completed questionnaires were
returned by 56.6% of individuals and usually required one to three repeat mailings to remind them
to return a completed questionnaire. More recently, telephone contact of index cases and their
relatives proved to be the most effective method. These four different approaches are compared
in US$ for the cost per patient identification and diagnosis. The cost of finding hFH patients with
a mass screening approach is US$5000 per case found. When compared to hospital discharge
computer files of patients with very early CAD, the cost decreases to US$1600 per case found.
The mailing method greatly reduces this cost to US$400 per case found, This cost is even further
reduced to US$260 per case found when the direct telephone contact method is adopted.
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Step 1: Index Case Findin

An index case is defined by MedPed as the first person identified as having hFH and is in a newly
discovered FH pedigree. Index cases are found via various means from different sources. These
sources include referrals throughout a country, such as:

1. Physicians and other health care professionals in:
* University and private lipid clinics
* University research studies
* Primary care
2. Mass population cholesterol screening programs
3. Computer files of very early CAD hospital discharges and
4, Patient self referral from media and publicity events.

A two-page registration form is also available for collaborating US lipid specialty physicians to
complete and mail to the US MedPed Coordinating Center. Some participating clinics have the
individual fill out the form themselves and return it to the MedPed center.

Step 2: Relative Case Finding

In countries where legally allowed, the index case is asked to give consent for MedPed staff to
contact close relatives (especially children, siblings and parents) who may be found to have high
lipid levels or early CAD, This family information is collected by various similar methods but
usually involves the index case providing information (at minimum, the full names, addresses and
telephone numbers) of their close relatives. MedPed family data collection incorporates one or
more of the following:

1. Index case completes a form themselves,

2. Index case verbally provides information while at the clinic visit. Specific
laboratory and medical results are supplemented by the clinic staff or

3. Index case provides the information to MedPed staff when telephoned.

The gathering of family lipid and CAD history enables the collaborator to review the presentation
of the dyslipidemia in a family. When bimodality is seen, it helps support the family diagnosis of
hFH. All of the above MedPed methods provide a simple way to evaluate this dominantly
transmitted genetic disease.

In the USA, a pre-printed "Phone Form" is created for each relative (on the affected side of the
family) which includes the name of the referring index case who granted consent for them to be
contacted. Pre-arranging a convenient time for the person to provide the information helps with
accurate and complete data collection especially when address and phone numbers of relatives are
requested. The individuals may have time to gather the requested information and also be able to
obtain lipid values of close relatives,

Another family data collection method is the "Family Lipid History Form”. When this form is
completed, it provides an easy way to determine which relatives require further testing and is
placed as a permanent record in the patient’s chart.

For ease of retrieval and analysis, most collaborating countries input all data into a computer as
a confidential record. Computer software programs have been developed specifically for MedPed
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by MedPed collaborators (Australia, Canada, Germany, Switzerland, the Netherlands, the UK and
the USA) and are used by the other MedPed countries.

When governments do not allow MedPed to directly contact the relatives of an index case,
completion of this task takes longer but can be accomplished, MedPed collaborators from these
countries must rely on the relatives suspected of having hFH to convey interest in evaluation or the
index case to supply the needed forms to their relatives and following up with relatives to make
sure their completed forms are returned to the MedPed center.

3; Diagnosi

Medical staff professionals review patient and relative data collected and provide a diagnosis of a
specific lipid disorder. In most countries, the treatment status of each individual is also evaluated.
Relatives and individuals are classified as having hFH if they meet published criteria {26].

Other diagnoses which can be provided include, individuals found not to be affected but in a family
with a lipid disorder or individuals who have a high triglyceride disorder only. In US cases where
a specific diagnosis can not be given, a "working clinical” diagnosis is used [89]. If the lipid
disorder appears to be dominantly expressed in the case’s relatives, FH vs FDB is inferred. If
individuals in the family have some reported high triglyceride/low HDL levels, FH vs FDB vs
FCHL (Familial Combined Hyperlipidaemia) is considered. When there is not enough data from
relatives but moderately high LDL-cholesterol levels are reported in one person along with a family
history of early CAD, any familial dyslipidemia must be taken into account [FH vs FDB vs FCHL
vs PH (Polygenic Hyperlipidaemia)]. When a case is notified about the possible disorders they may
have (differential diagnosis), they are also informed what of specific data will be required by
MedPed in order to provide the family with a specific diagnosis.

Step 4: Enter in MedPed Registry

After an individual is diagnosed with hFH, they are notified and entered into the MedPed registry
of their country. Most individuals are medically followed by the MedPed collaborator or can be
referred to a lipid specialist physician for further help. In six countries (Austria, Canada, Italy,
the Netherlands, the UK and the USA), a formal patient foundation has been organized for
individuals and families to connect with for help in living with FH.

tep 3: Continuation of Relative Case Findin

After identifying family members with hFH, several new hFH cases can be found among more
distant relatives, The probability of a family member carrying an LDL-receptor mutation is well
defined; the likelihood of inheriting hFH is 50% for each parent, sibling and child; 25% for each
aunt, uncle, grandparent, niece and nephew; 12.5% for first cousins and siblings of grandparents.
For example, assume nothing is known about the pedigree in Figure 5. The first person seen in
this family and is considered to be the probable index case, is the male figure identified as letter
“A” in generation VIII. He has only three close family members (parents and one sibling) who
would have a 50% chance of having hFH. His grandparents, the five siblings of his mother and
any siblings of his father have a 25% chance of having hFH. The chance of inheriting this disorder
is 12.5% for the siblings of his grandparents and his 23 first cousins. After the index case and his
mother (identified as letter “B”) are confirmed as having hFH, his mother’s five siblings have now
increased their chance of having hFH to 50% from 25%. His 23 cousins now have a 25% chance
instead of 12.5%. After an aunt is confirmed with hFH (identified as letter “C”), immediately half
of his cousins have a 50% chance of having hFH. This relative case finding is fairly easy in
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generations VII and VIII because most are living. Confirming hFH cases in generations V or VI
can be more difficult but once an obligate heterozygote case is found in a deceased relative, more
distant relatives can be identified.

MedPed guidelines have been described and documented to be cost effective (US$260/case found).
With treatment available for the inherited disorder hFH, patients should be aggressively sought out
and informed of the ability to reduce their risk for significant heart disease. MedPed has been
funded from limited resources (government grants, industry and donated health professional time),
but it is hoped it will not always depend on this temporary year-to-year support. The serious lack
of financial backing for the identification and treatment of persons with treatable genetic disorders
should not continue. Public health agencies, industries providing health care insurance and
individual governments need to step in and invest in the health and welfare of their citizens.

12. GOVERNMENT COOPERATION

In March 1994, the Dutch National Foundation for the Identification of Familial
Hypercholesterolaemia was established with financial support from the Dutch Ministry of Public
Health. This organisation is dedicated to the early identification of persons suffering from FH.
FH patients are identified by screening family members of a so-called index-patient for the presence
of a mutation in the low-density lipoprotein (LDL) receptor gene. An index-patient is a person who
has been diagnosed with FH on clinical grounds, and carrier of a mutation in the LDL-receptor
gene, demonstrated by DNA-analysis.

Hence, the approach followed is a combination of family investigation and genetic testing.

When a person is found to be carrier of a FH-causing mutation, this person is referred to one of
the 69 Lipid Clinics, currently participating in this national FH case-finding program. Here the
cardiovascular risk is further assessed and optimal treatment, tailored to the clinical condition of
the patient in question, is initiated.

For successful execution of a national FH case-finding program there are 3 basic requirements,
which have been established in the Netherlands.

1, A genetic field working organisation. This organisation currently employs 1
managing director, 5 genetic ficld workers, 1 secretary. Operating costs are covered
by an annually evaluated grant from the Ministry of Public Health.

2. Laboratory facilities for genetic testing. Index-patients are identified by routine
DNA-analysis of patients with the clinical diagnosis FH, for the presence of one of
the 91 mutations in the LDL-receptor gene currently characterised in Dutch patients
with FH (complex DNA-analysis). These laboratory costs are covered by the regular
National Health System at a fixed rate per DNA-analysis and limited to 1000
analyses per year, Costs for DNA-testing of the samples generated by the genetic
field working organisation (single DNA-analysis) are covered by separate financing
from the Ministry of Public Health, at a lower rate than for the complex DNA-
analysis, and limited to 3500 analyses per year.

3. Centres for referral, A network of 69 Lipid Clinics is available for referral and
medical management of FH patients identified in the national case-finding program.
Uniform protocols for diagnosis and treatment are used, and patients are registered.
Medical management by the Lipid Clinic is considered as regular health care and as
such costs are covered by the National Health System.
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The genetic field working organisation, the DNA-diagnostic laboratory of the Academic Medical
Center at the University of Amsterdam and the network of Dutch Lipid Clinics closely cooperate
to make the national FH case-finding program possible.

Setting the stage

An important milestone in the development of the national FH case-finding program was the
publication of recommendations by the Dutch Board of Health to the Minister of Public Health in
1990. In their report “Cholesterol” the extent of the health hazard associated with elevated
cholesterol levels was recognised and the Board advised the Minister to undertake actions.
Inherited hypercholesterolaemia was specifically addressed in this report. Below are several
quotations from the report “Cholesterol, recommendations to the Minister of Public Health
(The Hague, 1990)” which illustrate the attitude of this advisory board towards
hypercholesterolaemia.

"At least 50,000 persons in our country are suffering from inherited hypercholesterolaemia and they
will have great benefit from early recognition and treatment.” (page 6)

"The Board recommends to measure cholesterol levels in persons with risk factors (case-finding).
Especially aimed identification of persons with familial hypercholesterolaemia, in particular children
from families at risk, is useful.” (page 47)

"In view of the available modalities such as the cholesterol-synthesis inhibitors and the high risk
for premature myocardial infarctions, the Board has the opinion that identification and treatment
of this group at risk has the highest priority and is ethically justifiable. The Board recommends
to initiate a national identification program for FH.” (page 69)

"Government support is desirable for programs identifying persons <with inherited
hypercholesterolaemia, for whom prognosis is bad and detection relatively easy.” (page 88)

"Particularly persons with inherited hypercholesterolaemia should be identified on short term.
Possibly before the genetic condition will lead to complications. In this case intervention will be
efficient at minimal costs.” (page 89)

Between 1990 and 1992 an epidemiological survey was performed to establish the prevalence of
genetic dyslipidemias and cardiovascular risk in the community of Hoofddorp. [90] Hoofddorp is
a relatively new, medium-sized town, very close the Schiphol Airport. Schiphol Airport and KLM
employ approx. 30,000 people, of which the majority lives in Hoofddorp. The last 20 years the
population of Hoofddorp has expanded rapidly, by influx of young families from all over the
Netherlands, seeking employment with Schiphol and KLM. The Hoofdderp-population is therefore
a good representation of the general Dutch population. One of the main findings of the Hoofddorp-
project was the frequency of FH in this population. After selective screening of 8800 adults,
attending 4 general practices, 38 patients with the clinical diagnosis classical FH’ were identified.
This demonstrated that the incidence of FH in the Netherlands was much higher than the estimated
1:500 in the Western world. That the cholesterol problem clearly had been underestimated was
also shown by the cholesterol-distribution in the Hoofddorp population: 21% had a total cholesterol
level between 5 and 6.5 mmol/1 (190 to 250 mg/dl), 12% had a total cholesterol between 6.5 and
8 mmol/I (250 to 310 mg/d]) and 3% had a total cholesterol level of over 8 mmol/l (310 mg/dl).
An important finding of this survey was that less than 10% of the FH patients were identified as
such and received adequate treatment. Of the 38 FH patients identified in this survey, only
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4 patients already had been diagnosed with FH, of which 1 patient received adequate lipid lower
ing therapy and the remaining 3 patients were on diet only.

The recommendations of the Dutch Board of Health and the findings of the epidemiological survey
formed the basis of negotiations with the Ministry of Public Health.

Collaborative efforts between FH physicians and Government agencies

In negotiating with Government agencies a strong party representing the medical profession
dedicated to identify and treat persons with FH is essential. The Lipid Research Group of the
University of Amsterdam initiated and gradually expanded the network of Dutch Lipid Clinics and
has acted as a representative for the Dutch Lipid Clinics,

In a joint effort to convince the Ministry of Public Health of the necessity to support a national FH
case-finding program, government officials in first instance were supplied with a substantial amount
of information and practical experience of Lipid Clinics and FH physicians in managing FH. This
information was requested in order to clarify a number of valid and fundamental questions, which
are also applicable to other countries:

Is there evidence that treatment of FH will reduce morbidity and mortality ?

What combination of drugs is the most suitable to reduce morbidity and mortality ?
Are there practical results and experiences with the proposed identification strategy ?
What are the characteristics (specificity and sensitivity) of the method of screening ?
What percentage of the total FH population do you estimate to identify in a certain period
of time?

What will be the age-limit in the program ?

How will children with FH be managed ?

Is there support among general practitioners for national FH-case-finding ?

What will be the position of the general practitioner in the follow-up ?

Are there safeguards for initiation and compliance of treatment ?

How is the patient’s privacy safeguarded ?

Q
o
o
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Most questions can be resolved by supplying scientific literature or by sharing practical
experiences. It is essential that among the medical professionals in the field, consensus is reached
with regard to some of the issues mentioned above. Most countries will have professional
associations for internists, cardiologists, general practitioners and clinical geneticists. Positive
recommendations of these respective associations are most important.

Advocating of the concept of large scale FH case-finding during post-graduate training courses for
specialists, or during any other appropriate gathering of medical professionals, are found to be
highly effective. Nation-wide publicity in national medical journals, newspapers, magazines and
on television has been proven to be very helpful,

Arpreements and oreanization facilitate collaboration with Government

Once your Government is convinced of the seriousness of the problem, collaboration will be
facilitated when a solution to the problem can be offered, e.g., presenting an efficient and cost-
effective case-finding strategy. Moreover, when an organisation capable of implementation of this
strategy, even at a small scale, already exists, it will make your chances of success even greater,
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Once FH case-finding has taken some kind of form, agree with the Government that the first few
years of the program are considered to be a pilot study, and that, after 3 or 4, years the program
will be evaluated with regard to:

efficacy (how many FH patients identified per year)
quality (specificity and sensitivity)
cost-effectiveness

psychological effects

I1deally such an evaluation study should be performed by an objective and iﬁdependent institution.

Also the case-finding organisation itself should be independent from any hospital or any other
institution involved in health care, to assure direct and unbiased communication with Government,

Governmental attitude towards diagnosis and treatment of FH

The approach followed in the Netherlands is in our opinion the most effective one: diagnosis of
FH by DNA-analysis and treatment with HMG CoA reductase inhibitors.

Diagnosis based on measuring cholesterol levels substantially increases the number of false-positive
and false-negative diagnoses. The percentage of false diagnoses can increase up to 20% [911].
Although cholesterol distributions differ by country, the percentage of false diagnosis by
measurement of cholesterol levels only is not expected to vary widely between countries.
Validation of cholesterol measurement should be part of the evaluation study as described above.
The IMPRESS study performed by the International MED PED FH organisation will supply useful
information with regard the validity of cholesterol measurement.

It is generally recognised that treatment of FH with HMG CoA reductase inhibitors is the most
efficacious one, This notion is based on the results of recent large scale primary [4] and secondary
[3] prevention studies in patients with moderately increased cholesterol levels. Placebo-controlled
clinical trials with HMG CoA reductase inhibitors in FH patients are not available. But the
assumption that persons with FH are exposed to the highest cardiovascular risk and that they
consequently will benefit most from cholesterol lowering, is certainly justified. Here again, a study
initiated by the International MED PED FH organisation, the ExPRESS-FH study, will yield
information with respect to the benefits of vigorous cholesterol lowering in FH patients.

With the current knowledge on the efficacy of the HMG CoA reductase inhibitors, the limited
availability or the restricted prescription of these drugs in certain countries is certainly not justified.

ifferen in n vernment involvement and n for FH pati unt

It is evident that there are substantial differences in Government involvement and the situation of
FH patients between countries. Different organisational structures of public health care systems
and health care insurance underlie these differences, although cultural differences and general
attitudes towards health will also play a role.

A strong and influential FH patient association is a valuable instrument on governmental and
political level to defend the FH patient’s interests. Patient organisations associated with National
Heart Foundations which are present in most countries, in our opinion, are not well enough
equipped to cope with the specific needs of FH patients, which differ from the needs of patients
with other forms of cardiovascular disease, solely because FH is a genetic disorder associated with
a very high risk, which can strike at very young age.
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Further involvement of Government in helpin TrSONns ‘Wi H

Once case-finding strategies have been implemented, Government can further assist by bringing
together all parties involved: the case-finding organisation, FH patient association, Lipid Clinics,
National Heart Foundation. From this moment the Government can play an important role as an
intermediate between these parties. In this respect Government should construct the policy and
disseminate it nation-wide, not only to reach all health care workers, but also the general public.
Similar concerted actions between Government and the medical profession have possible for breast
and cervix cancer screening, the prevention of AIDS and numerous other health related campaigns.

Why not for Familial Hypercholesterolaemia ?

13.  COST EFFECTIVENESS OF DIAGNOSING AND TREATING FH

About 200,000 persons in the world die each year of preventable early heart attacks due to FH
(heterozygous familial hypercholesterolaemia), With long-term full-dose statin therapy, many FH
patients can achieve normal or near normal blood cholesterol levels and probably live 10-30 years
longer. Thousands of such patients are being identified and encouraged to comply with treatment
in over 30 countries collaborating in an efficient humanitarian FH family tracing project called
MedPed (“Make Early Diagnoses to Prevent Early Death in Medical Pedigrees). However in our
current world, immunizations and expensive new medications compete for the same limited funds
supporting health care and prevention. Thus, it is reasonable to ask these questions:

1. Can government & insurance agencies afford to pay to treat FH patients for 40-50
years with the best available medications?

2. How much does it cost per year of life saved to treat FH well?

3. Is it affordable to trace relatives, educate doctors & promote patient long-term
compliance?

4. How cost effective is FH treatment compared to other common health measures?

3. How will future trends influence cost effectiveness in treating FH?

What Factors affect the cost effectiveness of treating FH?

The first economic analysis of FH at the Harvard School of Public Health [92] stated that low dose
lovastatin therapy could save money as well as lives in many FH patients. Since that study,
medications are now more effective and less expensive and cholesterol therapy after MI has been
determined to be even more cost effective than estimated at that time [93]. Table 10 presents
updated estimates of the cost (in US dollars) per year of life saved. Calculations use the formulas
at the bottom of the table. Mortality data in FH without treatment is based on published studies
reviewed in the Harvard FH analysis [92]. These projections are conservative in that they do NOT
account for potential savings from prevented hospital costs,  Table 10 lists results for two
different assumptions for prolonged life with therapy and two different annual cost estimates
(US$1500 and US$750). The first yearly cost of therapy (US$1500) allows US$200 for physician
visits to monitor therapy, US$100 for lab tests, and US$1200 per year for medication (40 mg
simvastatin or 20 mg atorvastatin}). At an ideal 100% effectiveness it would only cost US$3,375
per year of life saved for the first example (Male 20-65). At a more realistic 50% effectiveness,
it would still be very respectable at less than US$7,000 per year saved. Even a pessimistic 10%
effectiveness would be less than the US$40,000 per year of life considered affordable in most
published studies [92-94]. The second line adds 10 years of life with the assumption that excellent
long term therapy might provide a nearly normal life expectancy of age 75. The third and fourth
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lines anticipate a 50% reduction in cost of therapy (expected when generic statin medications
become available in about 2 years). The last 4 lines repeat projections for females with FH,
Because untreated women with FH live longer than men with FH, fewer are years gained with
treatment and cost per year of life gained is higher. However, therapy for women with FH is still
very affordable for most projections in Table 10 and would be even more favourable in FH women
who were smokers, diabetic or hypertensive.

Responsible decision makers in government health and insurance agencies must be able to make
their own calculations, Table 10 was designed to allow the reader fo understand, verify or modify
calculations based on their own information. For example, in some countries statin medications
and medical costs may be different than those used in Table 10,

How cost effective i ment for F her health m res?

Table 11 lists estimates published [93-96] for several common health measures promoted to prolong
life. Treatment of high cholesterol in patients who have had a myocardial infarction (MI) is one
of the most widely accepted as cost effective since the report of the Scandinavian Simvastatin
Survival Study ("48") [93].

Cholesterol reduction for primary prevention in men and women with FH carries similar benefit
as the secondary prevention from 48, both as estimated in Table 10 and as projected previously by
the economic study FH from Harvard [92].

Treating FH is very cost effective because such a high proportion of those treated will benefit.
While the cost effective 48 study helped 3% of those treated avoid earlier death (74 of 2,222) [93],
80% of men with FH will have an MI by age 54 [92] and most of themn will add 10-30 years with
therapy. Some medical economic analyses also account for social consequences such as quality of
years gained, avoiding the economic impact on society of lost income, and lost taxes from wage
earning patients who die in the middle of their productive careers. These added considerations
strengthen the support for patients with FH who die young without therapy and gain nearly normal
quality and duration of life with therapy!

ther Factors That Can Reduce li

One reason treating FH is so cost effective is that untreated FH patients have such high risk of very
early death, Smoking, diabetes, low HDL-cholesterol, high Lipoprotein (a), and high blood
pressure increase risk of very early death even more in FH patients. Treating them would also be
very cost effective in FH. Measures such as aspirin and antioxidants such as vitamin E are
relatively inexpensive and justified expenditures for FH patients, Interventions such as coronary
angioplasty and bypass surgery should be even more cost effective in FH patients than others if
they are followed with intensive cholesterol reduction. They “set back the clock” giving FH
patients more time for an investment cholesterol therapy to pay off.

Is MedPed 1 nin Effective?

Cholesterol and blood pressure screening programs are commonly supported by government
agencies to find and help persons at increased risk for heart attack and stroke. However, because
only 1 of 500 persons has FH, general population screening is not very cost effective for finding
persons with EH. As reported earlier in this WHO monograph, relative tracing by the humanitarian
MedPed project costs only US$$260-400 per new FH case detected compared to US$5000 per case
for general screening or US$1600 screening persons identified at high risk from computerized files
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of hospital discharge data. When US$400 are divided by 10-30 years of added life through
treatment after detection, the added cost of the MedPed approach is less than US$50 per year of
life gained. Projects like MedPed can also improve the investment in treating FH through measures
to educate and support FH families and their personal physicians, thus helping maintain long term
compliance with treatment.

MedPed activities have been supported in part by the Dutch government, the US Centers for
Disease Control, the Provincial Government of British Colombia, the American Heart Association,
Merck Human Health and by collaborations between medical professors, practising physicians, and
lipid clinics in many countries. It appears that the time is ripe for expanding MedPed activities
with government partners. Discussions between MedPed collaborators and their colleagues in
government health or insurance agencies provide encouragement for the future in  Norway,
Denmark, Hungary, Germany, Canada, South Africa and other countries. Patient and physician
advocate organizations such as the Canadian Association of FH, British Family Heart Association,
US$ Inherited High Cholesterol Foundation are working to raise awareness and promote help for
patients with FH and other severe lipid disorders. All of these efforts can now benefit from an
understanding of the favourable cost effectiveness of helping FH patients compared to other
supported health measures.

Thus, case finding (“MedPed™) and treatment of FH are cost effective and affordable when
compared to other commonly supported health measures. Statin therapy for males with FH is
4-times more cost effective than generic drug therapy for high blood pressure or dialysis for
kidney failure. Because costs may vary by country, the methods are presented to permit
recalculations. Other countries should consider following the example of a few who already
provide government funding for two major needs for FH patients around the world:

a. Supporting the cost of medications for FH patients who lack private insurance
b. Supporting MedPed family screening and education of patients and their physicians

Future trends such as generic statin medications will make an already cost effective treatment even
more favourable.

14. MEDPED PARADIGM FOR OTHER DISORDERS

The MedPed approach to the case-finding of subjects with heterozygous familial
hypercholesterolaemia (hFH) is a collaborative effort between patients, their families and health
care providers, such as primary care physicians, specialists, nutritionists, nurses and public health
officials. While the precise implementation and personnel may vary, the paradigm is basically the
same for all participating centres, The process involves establishing an efficient system of
contacting persons who are at high risk of hFH by virtue of their genetic relationship with a known
hFH index patient, notifying them of this risk, and providing them with concrete options for
education, action and follow-up.

For hFH, the MedPed paradigm is appropriate for several reasons. First is the relatively high
prevalence (for a genetic disorder) of hFH in most jurisdictions, making it a disproportionately
frequent cause of early atherosclerosis and thus an important public health problem. Second is the
depth and breadth of understanding of the genetics, molecular biology, natural history and clinical
consequences of hFH, which provides the scientific ballast and rationale for the MedPed hFH
approach. Third is the relatively long latent period before hFH produces serious clinical
consequences, which allows for time to make the diagnosis and to institute preventive measures.
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Fourth is the availability of acceptable and reliable diagnostic tests, usually involving venipuncture
for biochemical and/or genetic assessment, and of people to interpret them. Fifth is the availability
of acceptable and effective evidence-based intervention strategies. Sixth is the availability of
support and information for patients, families and primary health care providers. Finally, MedPed
hFH has produced a permanent registry of affected subjects, which allows for ongoing case-finding
and follow-up.

Is the strategy of case-finding in high-risk kindreds more effective than other strategies, such as
screening at the onset of coronary heart disease (CHD) or general population screening to find new
hFH patients? For the former, compared with the general population, hFH is associated with up
to a 96-fold increase in CHD morality, particularly below age 40 [37]. Since the first manifestation
of CHD is often sudden death, the strategy of waiting for the onset clinical manifestations will cost
lives. For the latter, the ascertainment and confirmation of new hFH cases by the MedPed hFH
approach was demonstrated to be about 4-times more cost-effective than finding them through
general cholesterol screening [62]. For instance, given the autosomal dominant pattern of
inheritance and virtually full penetrance of the hFH phenotype, first-, second- and third-degree
relatives of an index patient have, respectively, a 50%, 25% and 12.5% chance of being affected.
However, some hFH cases are undoubtedly missed by the MedPed approach, especially when
subjects cannot be linked to affected families because of a lack of accurate genealogical data. Also,
the approach would be less cost-effectiveness if the phenotype was variably penetrant, which is not
as great concern in hFH as it may be in other conditions.

Given both the positive attributes and the limitations of the MedPed hFH paradigm, are there
examples of other genetic conditions with dominant inheritance for which this paradigm would
apply? One way to address this question would be to enumerate the attributes of hFH that render
it amenable to the MedPed approach and to determine to what extent these may apply to other
dominant genetic conditions, each of which presents a unique set of challenges. Some of these
attributes, which might form the preliminary basis for future guidelines, are shown below. This
is followed by examples of some autosomal dominant genetic conditions, which are variably suited
to the MedPed hFH paradigm.

Suggested guidelines to diagnose new cases of dominant genetic conditions from affected families.

The condition should represent an accepted public health problem.

The genetics, pathogenesis and natural history of the condition should be understood.
There should be a latent pre-symptomatic or eatly symptomatic phase.

There should be an accessible, acceptable and reliable diagnostic test.

There should be accessible evidence-based, effective prevention or treatment
strategies.

6. There should be jurisdictional, agreed-upon, condition-specific policies regarding:
{a) who would benefit from screening and treatment,

(b)  public education about the disease and screening effort,

{c) ethics, confidentiality and privacy issues,

bl ol sl A

Familial defective apolipoprotein B (FDB)

FDB is an autosomal dominant condition that is a virtual phenocopy of hFH, meaning that the
phenotypes of these conditions are essentially indistinguishable. The molecular basis of the two
conditions, however, is different: functional mutations in APOB rather than in LDL-R cause the
metabolic disturbance in FDB (97). FDB appears to be a less severe clinical and biochemical
phenotype than hFH. Some investigators estimate that FDB may be as common as hFH, but this
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varies between countries, Thus, FDB can be considered to be a special subset of hFH. It thus
meets most of the criteria listed above and would be an appropriate condition for inclusion in a
MedPed hFH-style program.

Multiple endocrine neoplasia (MEN) syndromes

MEN syndromes are rare autosomal dominant diseases characterized by endocrine gland tumours,
MEN type I is characterized by tumours of the parathyroid, pituitary and pancreas. In MEN type
1, a large number of mutations in the MEN1 gene underlie a substantiat proportion of, though not
all, cases. In contrast, MEN type II is characterized by medullary thyroid cancer, with or without
pheochromocytoma, In MEN type II, a small number of germline mutations of the RET
proto-oncogene are found in >90% of patients (98). Before the molecular age, case-finding by
screening relatives of MEN type II subjects with the pentagastrin stimulation test was the method
of choice. However, the pentagastrin test had imperfect sensitivity and specificity. Today,
presymptomatic screening of family members of index patients by analysis of RET provides
unambiguous identification of MEN type II gene carriers, who then benefit from further
investigation and prophylactic thyroidectomy. Furthermore, there are only a few mutations in RET
that appear to underlie the majority of cases of MEN type II. Since MEN type II satisfies most
of criteria listed above, it could be considered as amenable to the MedPed approach at present.

Familial long QT syndrome is a dominant disorder characterized by prolonged ventricular
repolarization, which produces recurrent syncopal attacks and sudden death due to ventricular
tachyarrhythmias. Mutations in three genes (KVLQT1, HERG, and SCNSA) have been found to
be responsible for this syndrome [99]. Before the molecular age, case-finding by screening family
members of long QT subjects with electrocardiography was the method of choice. However,
electrocardiography had imperfect sensitivity and specificity. Today, presymptomatic screening of
relatives of index patients by analysis of KVLQT1, HERG, and SCN5A can provide unambiguous
identification of long QT syndrome carriers in about 25% of families {99], who then benefit from
further investigation and prophylactic pharmacotherapy (beta blocking medications). However, the
heterogeneity of causative genes and the large variety of mutations in them makes it more difficult
and time-consuming to screen high-risk subjects [99].

Dominant forms of hypertension: glucose-remediable aldosteronism and Liddle’s syndrome

Glucocorticoid-remediable aldosteronism (GRA) and Liddle’s syndrome are autosomal dominant
forms of hypertension [100,101]. GRA is caused by several mutations that cause gene duplication
by fusing regulatory sequences of the steroid 11 beta-hydroxylase gene to the coding sequences of
the aldosterone synthase gene [100]. GRA hypertension has been reported to be unresponsive to
traditional antihypertensive medications but responsive to either aldosterone antagonists
(spironolactone) or corticostercids (dexamethasone or prednisone). Liddle’s syndrome is caused
by mutations in the carboxyl-terminus of the beta- or gamma-subunits of the renal epithelial sodium
channel [101]. Mutations in both these genes cause altered sodium and water handling by the
kidney and can produce large quantitative effects on blood pressure [100,101]. Hypertension from
this syndrome has been reported to be unresponsive to usual agents but responsive to amelioride,
triamterine, or renal transplantation.

Probands with GRA and Liddle’s syndrome have been reported to have strokes in mid 40’s and to
have close relatives with similarly early strokes suggesting a need to find and treat gene carriers
early in order to prevent these severe consequences. However, case-finding among relatives of the
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index cases has been reported to reveal varying degrees of severity of hypertension and electrolyte
disturbances, with diminishing severity among carriers in branches that were more remote from the
proband. Aspects of these conditions which make them less amenable to the MedPed paradigm
include their extremely rare prevalence, the wide variety of causative mutations and the variability
of the phenotype among carriers, Nevertheless, carriers of the gene with an absent-to-mild
hypertensive phenotype can be managed by frequent monitoring and timely treatment of
hypertension. Conversely, family members without the mutation who are found to have essential
hypertension would still benefit from identification and treatment,

Familial breast and ovarian cancer

Germline mutations of BRCAI confer a lifetime risk of ~83% and ~45%, respectively, for breast
and ovarian cancer in members of families with several affected members {102]. However, the
contribution of mutations in BRCA1 and other genes, such as BRCA2, to breast and ovarian cancer
is substantial in certain ethnic groups [103]. Nonetheless, screening strategies to find carriers of
BRCA1 mutations are uppermost in the minds of many researchers and health care providers. A
recent study suggests that presymptomatic DNA testing in those families with at least one member
affected with breast cancer before age 60 would detect the majority of BRCA1 mutations [104].
Thus, screening relatives of affected subjects in order to find asymptomatic BRCA1 carriers appears
to satisfy some of the criteria listed above: breast and ovarian cancers are obviously public health
concerns, whose expression occurs after a relatively long latent period, and for which relatively
non-invasive and reliable testing is available. However, uncertain aspects of the pathogenesis of
the condition, such as variable disease penetrance in carriers and the role of environmental factors
in unmasking the disease, as well as the emofional issues surrounding diagnosis (or possible
misdiagnosis), the acceptability of current prophylactic measures and treatment options, privacy and
confidentiality, render as premature the systematic, public health agency-initiated MedPed-style
approach of case-finding in breast and ovarian cancer families.

15. CONCLUSIONS AND RECOMMENDATIONS

The prognosis for patients and families with heterozygous FH has improved substantially in the last
decade due to advances in both the recognition and treatment of this disorder. Clinical trial
evidence has conclusively shown benefit from reduction of LDL-cholesterol concentrations in
patients with heterozygous FH and the major obstacles to further reducing the burden of premature
coronary artery disease in patients with this disorder are (1) the identification of more patients, and
(2) a clear commitment to ongoing and effective treatment with a defined goal of therapy in adult
patients.

This is likely to be most effective if there is clear communication between the patient, his/her
physician and, in many cases, a lipid specialist concerning the goals of treatment and the ongoing
results of therapeutic interventions, Health insurance companies and government medical programs
should be encouraged to uniformly support and cover the costs of patient identification (including
contacting relatives) and effective treatment. :

The prognosis for primary prevention of coronary artery disease in asymptomatic patients with
heterozygous FH is excellent and the major challenge for both health care providers and health
plans remains the identification and effective treatment of those patients with heterozygous FH who
currently remain undiagnosed and/or inadequately treated.
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The following efforts need to be intensified to identify the factors responsible for the great
variability of LDL-cholesterol levels in FH heterozygotes; to understand the mechanism underlying
the reduction of HDL-cholesterol in heterozygous FH; to study the contribution of polymorphisms
of other genes (such as Lp(a), coagulation factors etc.) in contributing to the development of
atherosclerosis and coronary heart disease; to search the pathophysiological basis of mild primary
hypercholesterolaemia of polygenic origin; to analyze the families carrying deleterious mutations
of LDL-gene, but with little impact on the level of LDL-cholesterol (LDL-cholesterol lowering
FEnSs).

The criteria for the clinical diagnosis of FH could be further refined through comparison of clinical
versus DNA test results in an unbiased population (such as screening of all relatives of DNA-
diagnosed index cases but excluding the ascertainment-biased index cases from the analyses).

The DNA diagnosis of FH could be made more available and more affordable through application
of newly developing high-throughput DNA testing strategies. Maintaining a worldwide database
of mutations for FH will also help promote efficient approaches for DNA laboratories.

It should be agreed on whom to screen and how to treat children with FH using consensus
guidelines {61] and the diagnostic procedures for FH including genetic analysis should be
recommended. Children with FH who are treated according to current standards should not have
any disadvantage in insurance premiums,

Psychological distress does not seem to be a major problem in testing for FH. Testing for FH
should only be done when support, treatment and follow-up by a competent health professional are
available. Competence depends on interest and experience with FH, rather than a specific medical
specialty. Treatment with a cholesterol-lowering drug should not lead to increased heaith insurance
premiums for people who are otherwise healthy.

Additional life or disability insurance coverage may depend on an assessment of other risk factors
and whether cholesterol levels are reduced appropriately. Genetic information should not be used
by employers or health insurance companies in making hiring and coverage decisions. Testing of
relatives should include a total assessment of risk for coronary artery disease, beyond the results
of the cholesterol level or genetic analyses.

Education campaigns need to be established to effectively improve public and health care
professional awareness of FH. A registry of FH patients, their affected and at-risk relatives, and
associated physicians should be established in countries/regions in order to assist in case detection
through family screening, education of patients and their physicians, and long term follow-up.
Because of their extreme risk, FH patients should be contacted at least annually to insure their
continued treatment and compliance.

Cooperation between concerned health professionals and lay societies should be encouraged both
within and between countries. Since effective tools for education, family clinical data management,
and organizational structures are being developed, others with newly developing interest can save
a great deal of time and expense in resource development by learning to adapt successful systems
already in place,

The ultimate aim is to have the Govemment recognise its responsibility towards the population:
the Government is aware that FH poses a serious health hazard, that strategies for identification and
prevention are available and therefore should take action to implement these strategies in order to
prevent avoidable suffering and death,







