Risk Factors for
Cardiovascular
Disease and Death
In Familial

Master Thesis by

Henriette Walaas Lindvig

Department of Nutrition
Faculty of Medicine
University of Oslo

May 2010







Risk Factors for Cardiovascular
Disease and Death in Familial
Hypercholesterolemia

Master Thesis by

Henriette Walaas Lindvig

Supervisors: Kjetil Retterstal, Kirsten B. Holven,

Marit S. Nenseter, Gisle Langslet and Leiv Ose

Department of Nutrition, Institute of Basic Medical Sciences, Faculty
of Medicine, University of Oslo and the Lipid Clinic, Rikshositalet,
Oslo University Hospital

May 2010






Acknowledgements

The present work has been conducted from August 2009 to May 2010, at the
Department of Nutrition, Faculty of Medicine, University of Oslo, and at the Lipid
Clinic, Rikshospitalet, Oslo University Hospital.

| would like to express my gratitude to my supervisors Kjetil Retterstal and Kirsten
Holven for introducing me to the field of familial hypercholesterolemia, and for
including me in your project. Kjetil — I am thankful for all our small-talks, discussions
and for your professional advices. Thank you, Kirsten, for being such an inspiring
source of motivation and for taking the time to critically review my work. Thank you
for always leaving your door open! | appreciate and admire your never ending

patience, optimism and enthusiasm.

Thanks also to my co-supervisors Marit S. Nenseter, Gisle Langslet and Leiv Ose for
your valuable contributions, for sharing your knowledge and for finding the time for

our monthly meetings — which have been essential for progression in the work.

A special thanks to everyone at the Lipid Clinic for welcoming me warmly and for

letting me be a part of your unique and outstanding working environment.

To my fellow master students, we have shared times of joy, happiness, challenges and
frustration throughout these five years; thank you for making the period of study such

an enjoyable and memorable time.

Thanks to family and friends for your support and encourage during my education.
Edith B. Hesselberg and Guri Vebenstad, thank you for proofreading my manuscript.
Finally, David - your support, advice and simply your presence is invaluable for me.

Oslo, 30 May 2010

Henriette Walaas Lindvig






Summary

Background and aims: Familial hypercholesterolemia (FH) is a metabolic autosomal
dominant disorder. It is characterised by elevated plasma total cholesterol and low
density lipoprotein (LDL) cholesterol levels usually due to a genetic mutation in the
LDL receptor gene and have therefore a higher risk of non-fatal or fatal coronary
heart disease (CHD). Yet, there is a substantial variation between individuals with
FH, even among FH subjects with the same genetic mutations, in susceptibility to
CHD in terms of the age of onset and severity. The aim of this thesis was to increase
the knowledge about which factors that may affect the onset of CHD in FH subjects.
This is an important knowledge in order to determine how intense the treatment the

various patients should be offered and how early treatment should be initiated.

Subjects and methods: Two different studies were included in this thesis. The first
study, a retrospective data collection study, characterised and compared clinical and
biochemical parameters from the medical records of 71 FH subjects with early CHD
event and 76 FH subjects with late or no CHD event. In addition, 14 deceased FH
subjects with early CHD event and 14 deceased FH subjects with late or no CHD
event were compared with each other and with the non-deceased FH groups. In the
second study, a case-control study administered by the master student, clinical and
biochemical parameters in a smaller group of FH subjects with more strict inclusion
criteria than the first study were compared, with special regard to different
coagulation factors, CRP and fibrinogen. The case-control study included 19 FH
subjects with early CHD event, 15 FH subjects with late or no CHD event and 10
control subjects. All groups except from the control group were subdivided into

gender.

Results: FH subjects with early onset of CHD seems to have a more severe risk factor
profile compared with FH subjects with late or no CHD event, even though they are
more intensively medically treated. Female FH subjects seem to have a more severe

risk factor profile in comparison with male FH subjects, suggesting that they are not



well enough medically treated. However, in general, today’s lipid-lowering treatment
seems to be more effective than the lipid-lowering treatment ten years ago, reducing
the risk of fatal CHD in FH subjects. In our study, coagulation markers do not appear

to play a determining role in susceptibility to CHD in FH subjects.

Conclusion: Even though the treatment in FH subjects seems to have improved
substantially, there is still a potential for improvement concerning reaching the
treatment goals for blood lipid levels. Our results may also indicate that female FH
subjects may need to be followed up more closely, and to be more extensively treated
with lipid-lowering medication and combination medication. The contribution of
lipoprotein (a) in particular but also supplementation with omega-3 fatty acids with

regard to CHD risk and death in FH subjects should be examined to a greater extent.
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1. Introduction

1.1 Coronary heart disease

Coronary heart disease (CHD) is one of the leading causes of deaths worldwide (1, 2).
In Norway, CHD accounts for approximately 32 % of all deaths in men and 35 % of
all deaths in women (3). CHD, also called coronary artery disease (CAD), is a
subgroup of cardiovascular disease (CVD). CVD includes all diseases of the heart and
circulatory system while CHD primarily affects the coronary arteries and the arteries

through the progress of atherosclerosis.

Scientific evidence suggests that the vast majority of coronary events can be
explained on the basis of different risk factors for CHD (2). Risk factors are often
classified into two groups; modifiable or non-modifiable. Examples of modifiable risk
factors are high blood pressure, obesity, diabetes, unhealthy diet, smoking, low
physical activity and elevated plasma cholesterol levels. Examples of non-modifiable

risk factors are age, gender and genetic susceptibility (4).

The prevalence of CHD increases with increasing age and in the general population
clinical manifestations of CHD seldom appear before the fourth decade of life (5).
Nevertheless, evidence indicates that atherosclerosis, the major cause of CHD, begins

early in life and progresses silently for decades (5, 6).

1.2 Cholesterol metabolism

All cell membranes contain cholesterol (7). Cholesterol is also a precursor of bile
acids and steroid hormones. Its distribution is mediated through the blood system. The
cholesterol molecule itself is insoluble in blood. Lipoproteins make cholesterol
molecules soluble by binding them to form a lipid droplet. Then the insoluble parts

point inwards to the core of the lipid droplet and the soluble parts point towards the
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blood. There are different types of lipoproteins, some transport mainly fatty acids
(FA) in the form of triglycerides (TG), others transport mainly endogenously

synthesised cholesterol or absorbed dietary fat (7).

1.2.1 Cholesterol homeostasis

Cholesterol homeostasis in the body is assured through the actions of two major
groups of lipoproteins; those containing apolipoprotein B (ApoB) such as
chylomicrons, very low density lipoprotein (VLDL) and VLDL remnants,
intermediate density lipoprotein (IDL) and low density lipoprotein (LDL), and those
containing apolipoprotein A1, principally high density lipoprotein (HDL) (8).

1.2.2 Lipoprotein metabolism

As shown in figure 1, dietary cholesterol is absorbed in the gut and transported to the
liver in TG-rich chylomicrons (9). Cholesterol and TGs synthesized in the liver are
secreted into the circulation in VLDL particles. Chylomicrons and VLDL ensure the
distribution of energy in the form of TGs and FAs to peripheral tissues (10). In the
circulation, the enzyme lipoprotein lipase releases TGs from VLDL. The VLDL
remnants are either removed from the circulation by the liver or converted via IDL
into LDL particles by the enzyme hepatic lipase. LDL distributes cholesterol to
peripheral cells mediated with the help of LDL receptors (LDL-Rs). HDL transport
excess cholesterol back to the liver for degradation and/or and excretion in bile acid.
This process is facilitated either directly by a HDL specific receptor in the liver or
indirectly through conversion of HDL by the enzyme cholesteryl ester transfer protein
to VLDL and LDL followed by uptake in the liver facilitated by LDL-Rs on the liver
cells. LDL-C account for 60-70 % of the total serum cholesterol (11).
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Figure 1. Lipoprotein metabolism. From Bhatnagar et al (9).

1.3 Atherosclerosis

Atherosclerosis can be considered to be a form of multi-step chronic inflammation in
the artery walls (12-14). The different risk factors of CHD contribute to cause
endothelial injury in the vessels (15). In healthy vessels, the endothelium maintains
vascular tone and blood pressure (16). In time, the stress from CHD risk factors leads
to endothelial dysfunction and inhibits endothelial production of nitric oxide (NO)
(13). NO is a potent vasodilator and anti-inflammatory molecule. The endothelium
binds monocytes and T lymphocytes, which migrate into the subendothelial space.
There they initiate and maintain the inflammatory process, and the monocytes

transform to macrophages (12). LDL particles also bind to endothelial cells and
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migrate to the subendothelial space. In the vascular wall the LDL particles are subject
to oxidative modifications, and recruit more monocytes from the blood (8, 16). The
macrophages take up oxidized LDL in the subendothelium and are transformed into

foam cells. This process results in the development of so-called fatty streaks (13).

Macrophages, T lymphocytes and proinflammatory molecules further promote the
deposits of cholesterol, cellular waste products of among others smooth muscle cells,
calcium and other substances in the arteries (8, 13). The result is fibrous lipid-filled
plaques. The plaques may rupture and, if an occluding thrombus is formed, different

outcomes such as a heart attack or a stroke may be seen (12, 17).

1.3.1 Cholesterol as a CHD risk factor

While LDL cholesterol (LDL-C) has an essential physiological role in distributing
cholesterol to peripheral tissues, increased LDL-C levels are associated with
increased CHD risk (11, 12). Increased total cholesterol and LDL-C is considered a
CHD risk factor of crucial importance (4). In the dyslipidemic state, subendothelial
uptake and oxidation of LDL increases; oxidized lipids stimulate production of
adhesion molecules and inflammatory cytokines and may have antigenic properties,
promoting a T lymphocyte—mediated immune response and inflammation in the

arterial wall (15).

The atheroprotective role of HDL
HDL protects against atherosclerosis. Some of the atheroprotective function is

mediated via reverse cholesterol transport (15). However, HDL particles also
transport antioxidant enzymes, which can break down oxidized lipids and neutralize
their proinflammatory effects (18). Hence, a low HDL cholesterol (HDL-C) level is
strongly and inversely associated with CHD risk (11).
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1.4 Familial hypercholesterolemia

1.4.1 History and prevalence

Heterozygous familial hypercholesterolemia (FH) is a metabolic autosomal dominant
disorder (19).

The condition is caused by defects in one of at least three different genes that code for
proteins that affects the normal control of lipoprotein metabolism, and are involved in
hepatic clearance of LDL (20). These include, most commonly, different mutations in
the LDL-R gene (7, 19, 20). The LDL-R mediates feedback control of cholesterol
synthesis (7). Much less common are mutations in the gene coding for ApoB, the
major protein of the LDL particle. Rarely, FH also results from mutations in the gene
coding for proprotein convertase subtilisin/kexin type 9 (PCSK9), an enzyme
involved in LDL-R turnover (20).

Expression of LDL-Rs is subject to feedback control by intracellular cholesterol
levels (12). Low levels of intracellular cholesterol activate the sterol regulatory
element binding protein-2 (SREBP-2) transcription factors which again stimulate
transcription of the LDL-R gene and other genes involved in cholesterol synthesis
(12). LDL-R has a dual role in LDL metabolism (7). As shown in figure 2, when the
LDL-Rs are genetically defective they impede the liver cells from LDL uptake and
thereby degradation. At the same time the liver cells produce more LDL through

VLDL and IDL. Both processes contribute to increased LDL-C plasma levels.
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Figure 2. LDL-R controls both production and catabolism of LDL in plasma. From Brown
and Goldstein (7).

Hypercholesterolemia in FH subjects is present from birth (21). The mutations result
in accumulation of both total cholesterol and LDL-C in the blood plasma and in
peripheral tissues and arterial walls which again leads to increased risk of premature
CHD (20). Premature CHD is by many defined as CHD event occurring <55 years in
men and <65 years in women, respectively (11, 22-24). With a frequency of one in
500, heterozygous FH on a world basis is one of the most common inborn errors of
metabolism (19, 25). The prevalence of homozygous FH is one in one million
persons. Heterozygous FH affects about one in 300 individuals in the Norwegian

population (26), estimated from a study in the county of @stfold, Norway (27).

Worldwide, there have by 25 May 2010 been identified 1,739 allelic variants and
1,120 unique allelic LDL-R mutations (28).

According to Leren et al (26), by May 2007 a total of 3,900 Norwegians had been
genetically diagnosed with FH. As of May 2010, unpublished data provided by Leren
suggest that the number now has exceeded 4,750 persons. Approximately 130 LDL
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receptor mutations were by May 2007 (May 2010: unpublished data suggest 140)
identified in Norway (26).

1.4.2 The genetic basis of FH

The LDL-R locus is located on the distal part of the short arm on chromosome 19, on
band p13.1 to p13.3 (7, 29). On basis of the LDL-R gene mutations’ disturbance in
function, the mutations are classified into different groups. There are five classes of
mutations that disrupt the structure and function of the LDL-R and cause FH (21), as
shown in figure 3. Each class of mutations affect different gene sites in the LDL-R
metabolism. In class one, so-called receptor-negative or null-allele mutations, no
LDL-Rs are synthesized. The receptors are synthesized in class two, but there is a
disruption on the transport from the endoplasmic reticulum to the Golgi apparatus. In
class three mutations LDL-Rs fail to bind LDL molecules properly even though they
reach the liver cell surface. Class four mutations are characterised by the failing of
clustering of LDL-Rs into coated pits after binding the LDL molecules. Finally, class
five mutations prevent the LDL-Rs from being recycled to the cell surfaces and/or the
LDL particles from being released in the endosomes for degradation. In consequence,

FH subjects experience few, if any, functional LDL-Rs (30).

In a large cohort study of FH subjects and their unaffected relatives, Umans-
Eckenhausen et al (31) found significant variation in LDL-C levels depending on the
mutation type. FH persons with receptor-negative mutations appear to have higher
LDL-C levels and also elevated risk of CHD (16, 31).
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Figure 3. Five classes of LDL-R gene mutations. From Kumar et al (32).

Different LDL-R gene mutations prevail in different populations. A relatively large
number of mutations seem to cause FH in most populations. Yet, in a few populations
there are founder mutations (33). In Norway, for instance, three mutations account for
approximately 40 % of the mutations among FH subjects (34). The most frequent

mutations are FH-Elverum, FH-Svartor and C210G, respectively.

Many clinically diagnosed FH subjects do not have a monogenic cause of their
hypercholesterolemia and the existence of a LDL-R mutation is not always detected.
The detection rate of LDL-R gene mutations vary mainly depending on the clinicians’
criteria for using the test and also on the methods used in various laboratories (25).
According to this, a higher mutation detection rate has been reported in FH patients
with tendon xanthomas than in those without tendon xanthomas. This illustrates that
very strong clinical criteria for performing the test naturally will result in a higher
detection rate (35). Patients with other types of lipid disorders could have clinical and

biochemical characteristics much alike FH, for instance in familial defective
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ApoB100 (36), familial combined hyperlipidemia (37) or polygenic
hypercholesterolemia (26).

1.4.3 Characteristic clinical features and diagnosis of FH

Characteristics of FH in addition to elevated total cholesterol and LDL-C from birth
onwards, is the appearance of tendon xanthomas and premature CHD in the third or
fourth decade of life if untreated (21). As shown in figure 4, tendon xanthomas
typically appear in extensor tendons, such as in the Achilles tendons (most common
location) and tendons on the dorsum of the hands. Furthermore, several FH subjects
experience xanthelasms on the upper and/or lower eye lid and/or corneal arcus (19,
25). The occurrence of carotid and/or aortic stenosis is frequently seen in persons with
FH (21, 38). In comparison, in homozygote FH subjects development of CHD is
rapidly progressive and generalized atherosclerosis may develop even before the age
of four. This often results in myocardial infarction (MI) and possible death before the
age of 30 (19, 30).

Figure 4. Characteristic clinical features of FH. A. Xanthelasm above the eyelid; B.
Xanthomata on the dorsum of the hand; C. Corneal arcus; D. Xanthomata on the Achilles
tendon; E. Xanthomata on Tuberositas Tibiae. All pictures are used with permission from the
owners Leiv Ose (A-D) and Kjetil Retterstal (E), respectively.
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Biochemically, in addition to raised total cholesterol and LDL-C levels, other lipid
and non-lipid parameters are often measured in FH subjects. HDL-C levels are
generally low in patients with FH (39). Lipoprotein (a) (Lp(a)) levels have been
shown to be elevated in FH subjects (40-42). FH subjects often have normal serum
TG levels (30).

There are several sets of diagnostic criteria and/or screening recommendations
commonly used in order to clinically verify the presence of FH, among others the UK
Simon Broome Register Group (25), the USA Make Early Diagnosis to Prevent Early
Death (MEDPED) Program (43) and the Dutch Lipid Clinic Network (44). The major
difference between the three mentioned here is the use of different cut-offs for
premature CHD. The Simon Broome Register group recommends the use of CHD,
<60 years in first-degree relatives and, <50 years in second-degree relatives. The
MEDPED criteria recommend a cut-off at age 65, while the Dutch Lipid Clinic
Network suggest <55 years for men and <65 years for women. At the Lipid Clinic in

Norway, the Dutch criteria shown in table 1 are used.
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Table 1. The Dutch Lipid Clinic Network criteria for FH. Adapted from Bhatnagar (21) and
World Health Organization (44).

Criteria Points*

Family history
First-degree relative with known premature** coronary and vascular disease,

: . . : 1
or first-degree relative with known LDL-C >95th percentile
First-degree relative with tendon xanthomas and/or corneal arcus, 2
or children aged less than 16 years with LDL-C >95th percentile
Clinical history
Patient with premature coronary artery disease 2
Patient with premature cerebral or peripheral vascular disease 1
Physical examination
Tendon xanthomas 6
Corneal arcus prior to age 45 years 4
Laboratory analysis (mmol/L)***
LDL-C >8.5 8
LDL-C 6.5-8.4 5
LDL-C 5.0-6.4 3
LDL-C 40-4.9 1
DNA analysis
Functional mutation in the LDL-R gene present 8

* Diagnosis is based on the total numbers of points obtained: a 'definite’ FH diagnosis
requires more than 8 points, a 'probable’ diagnosis requires 6-8 points, a 'possible’ diagnosis
requires 3-5 points

** Men: <55 years; women: <60 years

*** HDL-C and TGs are normal

There are different ways of screening for FH. One could genetically screen the entire
population in a country. Taking into consideration the prevalence of FH (relatively
low even though it is reckoned one of the most common inborn errors of metabolism),
the different expressions of physical and biochemical characteristics and also the wide
variety of mutations, population screening is not cost-effective. One could also screen
patients in clinical setting with clinical signs on hypercholesterolemia or persons with
premature CHD. However, the most cost-effective way to detect cases across the
whole population is so-called cascade screening; to investigate first-degree relatives
of already clinically or genetically diagnosed FH subjects (21, 45). Subjects detected
by cascade screening have one or more relatives that already have a LDL-R mutation

and have a 50 % a priori risk of FH.
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In cascade screening FH diagnosis based on genetic verification of a LDL receptor
gene mutation has a sensitivity and specificity of 1.0. In clinical or biochemical
verification of the disorder, the sensitivity and specificity reaches 0.80-0.85 (26, 43,
46, 47).

Recently, Civeira et al (48), in a cross-sectional study of 825 FH subjects in Spain,
suggested that tendon xanthomas and age-adjusted LDL-C cut-off values have the
highest value for clinical diagnosis and indication of genetic testing of FH. Recent
studies investigating the relevance of genetic testing in FH have found that 52.3 %
(49) and 57.7 % (50) of those with clinically defined FH had an LDL-R mutation. As
LDL-R gene mutations are not found in all FH families it is important to use
combination of LDL-C level and family history to diagnose FH subjects, especially

children.

Rees (51) argues in an editorial referring to Neil et al and their cohort study of 3,382
FH subjects in Britain (52) that FH is underdiagnosed and undertreated. Indeed,
global estimates suggest 200,000 heterozygous FH subjects die each year of
preventable Mls (30).

1.4.4 Treatment

Medical treatment
In contrast to most genetic disorders, efficient therapy is available for FH patients.

Before the invention and availability of statins, treatment of FH consisted of resins
and dietary advice (25). Some also advocated the use of niacin and fibrates. The
therapy only had small effects on plasma cholesterol levels, and the risk of CHD
remained high (25).

Most people with FH are diagnosed too late, after their first coronary event. The high
prevalence of FH and the associated CHD morbidity and mortality support aggressive

screening and treatment (53).
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Graham et al argue in the newest version of European guidelines on cardiovascular
disease prevention in clinical practice (54, 55) that reduction of plasma cholesterol
levels is crucial in reducing CHD risk. Table 2 shows the optimal cholesterol
treatment goals when considering FH an a priori high risk for CHD. In a recent
guideline for primary prevention of CHD the Norwegian Directorate of Health
recommends LDL-C levels to be lower than 3.0 mmol/L in all individuals
independent of CHD risk (23). The Norwegian Directorate of Health follows the
European guidelines on cardiovascular disease prevention in clinical practices’

recommendations (23, 54, 55).

Table 2. Optimal cholesterol treatment goals in high risk individuals. Adapted from Graham
et al in the European guidelines on cardiovascular disease prevention in clinical practice (54,
55).

Treatment goals

Optimal Optional*
Blood lipid component
Total cholesterol <4.5 mmol/L <4.0 mmol/L
LDL-C <2.5 mmol/L <2.0 mmol/L
HDL-C
Male >1.0 mmol/L
Female >1.2 mmol/L
TGs <1.7 mmol/L
* |f feasible

A number of scientists suggest that treatment of FH subjects should start already in
childhood (56-58), especially in those with a family history of premature CHD (25).
Endothelial cell dysfunction, which is an early reversible stage in the development of
atherosclerosis, has been observed in children with FH (56). With cholesterol-
lowering statin therapy it is possible to reverse the endothelial cell dysfunction (25,
56). Also, one could reverse the inter-media thickening in the carotid arteries seen in
children with FH (59).

According to Neil et al (52), on behalf of the Simon Broome Familial

Hyperlipidaemia Register Group, mortality is not significantly higher in FH subjects
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who are identified before they develop CHD symptoms than in the general

population.

It is not ethical to conduct placebo-controlled randomised trials on FH patients (25,
60). Nevertheless, the safety and efficacy of statin use is well documented in both
primary and secondary prevention of patients with hypercholesterolemia of various
causes (11, 61-63). Based on evidence from other high risk groups, such as post-MI
patients, one could assume similar effects of reduction of total and myocardial
mortality of for instance statins and other lipid-lowering drugs to persons with FH
(60). Treatment with statins is effective in FH patients (64) and it delays or prevent
the onset of CHD (25, 61).

There are five major groups of LDL-C lowering drugs available (65). So-called
statins are 3-hydroxy-3-methyl-glutaryl Co-enzyme A (HMG CoA) reductase
inhibitors; they inhibit production of cholesterol in the liver by inhibiting the enzyme
HMG CoA reductase. Bile acid sequestrants, or commonly called resins, bind bile
acid and prevent the body from reabsorbing bile acid containing cholesterol from the
gastrointestinal tract. As a result the liver cells produce more LDL-Rs, which again
lower the LDL-C levels in serum (23). The cholesterol-lowering function of statins
and resins are shown in figure 5. The third lipid-lowering drug, ezetimibe, inhibits
intestinal uptake of cholesterol from dietary and biliary sources (66). The fourth group
of drugs is nicotinic acid (also called niacin), and the fifth group is fibric acids
derivates (also called fibrates) (67). Ezetimibe, resins, niacin and/or fibrates are often
used in combination with statins, if the treatment goal is not reached with statins
alone. They are less potent than statins; hence statins are a first choice. Combined
with lowering of LDL-C, all the groups of LDL-C lowering drugs also contribute on

lowering TGs and to increase HDL-C levels (11, 23).
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Figure 5. Treatment with statins and resins. From Brown and Goldstein (7).
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Some patients are intolerant to statins. An alternative is red yeast rice, which is a
product of yeast grown on rice. It naturally contains a small dose of a statin-like
substance called monacolin in combination with unsaturated FAs and phytosterols
(68, 69), all capable of lowering LDL-C levels to some extent (68, 70). Red yeast rice
also alters the TG levels and the total cholesterol levels in a positive direction.
However, the HDL-C level is to some extent reduced, and the cholesterol-lowering
effect is considered to be less potent than statins (68). Furthermore, monotherapy with

ezetimibe is shown to be a good alternative when statins are not suitable (71).

In most FH subjects LDL-C levels need to be reduced about 40-50 % to reach
treatment goal (54, 55, 65, 72). A common drug treatment approach is to begin with a
moderate dose of statins. If treatment goal is not reached the statin dose should be
increased. Resins or ezetimibe can be added if maximal dose of statins is not
tolerated. If treatment goal still is not reached the statins should be given in full dose
and addition of niacin should be considered in addition (65). At present, however, the
combined use of statins, ezetimibe and low dose resins are well tolerated and have
been shown to reduce LDL-C levels by almost 70 % in a FH population (73). Tendon
xanthomas can regress significantly and even disappear with cholesterol-lowering

therapy (21, 74). The lipid-lowering effect of different drugs is shown in table 3.
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Table 3. Comparison of efficacy of various lipid-lowering drugs in patients with FH (11, 30,
65, 68, 71).

Influence on blood lipids

Decrease in LDL-C Increase in HDL-C Decrease in TGs

Drug
Statins 18-55% 5-15% 7-30%
Resins 10-30 % 3-5% No change
Ezetimibe* 5-25% 1-6 %* 0-14%
Red yeast rice ~21% No change*** ~6%
Niacin/nicotinic acid 5-30% 15-35% 20-50 %
Fibric acids 5-30% 10-20 % 20-50 %

* Ezetimibe effect in combination with statins and not in monotherapy
** A few studies showed a small decrease in HDL-C
*** There was a non-significant (-0,5 %) decrease in HDL-C

Dietary recommendations
Importantly, a genetic cause does not imply that diet and life style habits are without

influence (23, 44). Although dietary treatment always is implemented in management
of FH, very few randomized controlled trials have been performed on patients with
FH and diet (75). In 2010, Shafiq et al (75) in a Cochrane review on 11 randomised
trials suggested that no conclusion can be made about the effectiveness of cholesterol-
lowering diet in reducing CHD and lowering cholesterol due to lack of adequate data.
Nor can their findings support any other dietary intervention considered for FH, like
the addition of omega-3 FAs or soya protein (75). However, they found a significant

reduction of plasma cholesterol with plant sterols and/or stanols (75).

On the other hand, World Health Organization (WHO) recently proposed that there is
convincing evidence that replacing saturated fat with unsaturated fat will contribute to
reduce CHD in the general population as well as in high risk subjects (76). Others

have suggested that a change in diet to a cholesterol-lowering alternative could reduce

plasma LDL-C levels by 15 to 20 % in FH subjects (77).
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Nevertheless, diet alone is not a sufficiently effective treatment in FH (30). However,
diet is recommended to be the first-line treatment of FH in addition to lifestyle

changes like smoking cessation and increased physical activity (5, 30).

In dietary intervention, the main objective is to reduce the LDL-C levels by restriction
of the amount and type of fat from the diet (75, 76, 78). In the general population,
also including the FH population, the total intake of fat should not exceed 30-35 % of
the total energy intake (25, 76, 79). Also, the dietary sources of saturated fat should be
limited to a minimum — and substituted by foods containing unsaturated fat (54, 55).
As figure 6 shows, saturated fat reduces hepatic LDL-R expression and increases
VLDL synthesis (7, 65). Omega-3 FAs from marine sources are also recommended
due to their TG lowering and HDL-increasing effect (80), both through increased
dietary intake of seafood and through intake of concentrated omega-3 in capsules.
However, the North American National Cholesterol Education Program (NCEP ATP
[11) guidelines suggest that the use of omega-3 FA supplements is optional and does
not recommend a specific amount of omega-3 (11, 81). Other dietary
recommendations include a reduction of the dietary cholesterol, an increase of
antioxidants through fruits and vegetables and an increase of fibre intake through
fruits, vegetables, legumes and whole-grain products. A high amount of soluble fibre
in the diet binds bile acid in the colon and retains it from being reabsorbed by the
body (82).

High fat diet
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Figure 6. Contribution of high fat diet on LDL-C levels. From Brown and Goldstein (7).
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In subjects with FH, as in all people, a high fat diet contributes to elevated LDL-C
levels. Since FH patients also have the genetic disposition of elevated LDL-C levels,
avoidance of a diet rich in fat, and saturated fat especially, generally is recommended
(19). However, effects of dietary changes vary on basis of the initial level of plasma

cholesterol and the patients’ initial dietary habits.

1.5 Familial hypercholesterolemia and coronary heart
disease

According to Oosterveer et al (83) most CVD incidences in FH are CHD. Extensive
epidemiologic studies in numerous populations in many countries strongly associates
increased plasma total cholesterol and LDL-C levels with CHD (11, 65).

Patients with FH have a higher risk of fatal or non-fatal CHD than persons without
FH (25). FH is also associated with premature death (16). The disorder is considered a
world public health problem due to the high incidence of premature CHD and
reduction of life expectancy (65). Yet, studies of mortality and morbidity of untreated
FH subjects are based on register-data and probably over-estimate the CHD risk (84).
In men, the mean age of onset of CHD characteristically is between 40 and 45 years,
and in female FH subjects approximately ten years later (22). The cumulative risk is
more than 50 % by age 50 years in men and at least 30 % in women aged 60 years
(25). By the age of 65, approximately 85 % men and 50 % women with FH will

experience a coronary event if they are not treated (65).

Yet, there is a substantial variation between individuals with FH, even among FH
subjects with the same genetic mutations, in susceptibility to CHD in terms of the age
of onset and severity (22, 40, 65, 85). The fact that all phenotype variations cannot be
explained only on basis of the LDL-R mutation suggests that other factors may
influence the progression and development of atherosclerosis. A large, retrospective
cohort study by Jansen et al (86) recently showed that the traditional risk factors may

explain less than 20 % of the variation in the prevalence of CVD in FH subjects.
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Thus, increased risk of CHD in FH subjects is not solely due to elevated LDL-C
levels, but also other risk factors (87). However, the fact that hypercholesterolemia
persists from birth in FH is different from other forms of hypercholesterolemia. It
should be recognized that polygenetic and life style induced hypercholesterolemia
diagnosed in adults may have not persisted that long. Thus, the cholesterol “burden”
during years is not as heavy in polygenic hypercholesterolemia as in FH and hence of
less importance for the atherosclerotic process than in FH patients. This underlines

the need of more specific prognostic tools focused on a FH population exclusively.

In the last ten years, different studies, mainly case-control studies, have analysed the
main risk factors associated with CVD and CHD in heterozygous FH in different
populations (22, 40, 64, 86-91). Both traditional risk factors for CHD such as
smoking, gender, hypertension and diabetes and/or clinical or molecular features
specific to FH are analysed (65, 86). Many of the studies show that traditional risk
factors play an important role in heterozygous FH, both as risk factors in themselves
and on top of the risk factors specific to the condition (16). For instance, risk of
premature CHD is much higher in FH subjects than in the general population, but it is
also two to five times more frequent in FH men than in FH women (87). In table 4,
eight major risk factors for CHD in heterozygous FH subjects are presented.
Considering the presence or absence of the listed risk factors Civeira et al (65) argues
that one can calculate an absolute risk for a person with FH — and use that as a
guiding tool for optimal treatment. According to Jansen et al (86) LDL-C is not
reckoned a risk factor in their and many other studies of risk factors within a FH
population group. Their argument supporting this theory is that the FH group as a
whole are hypercholesterolemic and hence the small differences in the elevated range

do not confer any greater risk (86).
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Table 4. Major risk factors for CHD in heterozygous FH. Adapted from Civeira et al (65).

CHD risk factors

Age
Men: =30 years
Women: 245 or postmenopausal
Cigarette smoking: active smokers
Family history of premature CHD
CHD in male first-degree relative <55 years
CHD in female first-degree relative <65 years
Very high LDL-C: >8.5 mmol/l
HDL-C: <1.0 mmol/l
High blood pressure ( >140/90 mmHg)
Diabetes mellitus
Lp(a): >600 mg/I

1.5.1 Different manifestation of coronary heart disease in FH
subjects

There is inconsistency in the physical and biochemical features in FH patients and not
all the characteristic clinical features of FH are shown in all patients (92). Also, the
nature and onset of CHD in heterozygote FH persons is variable (93, 94). The
literature suggests that environmental, genetic and phenotypic variations could
influence on the differences between persons with FH (20, 21, 84). One could
especially see this in studies on FH reported from different countries or geographical
areas (84, 95), even when controlling for differences in the underlying mutations (16).
Different classes of LDL-R defects could be associated with a ‘severe’ or ‘mild’
physical and biochemical characteristics of FH (31). According to de Sauvage Nolting
et al (94), even FH subjects with identical mutations and LDL-C levels can have
significant differences in clinical outcome. Increased LDL-C levels and premature
CHD, the two most typical characteristics of FH, are also significantly influenced by
environmental factors (21, 96). For instance, the specificity of family history of CHD

as an indicator of a possible genetic risk depends on the prevalence of CHD in the
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population being studied (25). Possible causes of different manifestations in FH are

shown in table 5.

Table 5. Some causes of variability in physical and biochemical characteristics of FH.
Adapted from Bhatnagar (21).

Cause Example

Genetic Specific mutations leading to FH phenotype
Genetic factors that influence lipoprotein metabolism
Genetic factors that influence CHD
Gender

Environmental Diet
Smoking
Prevalence of CHD in community
Drugs affecting lipoprotein metabolism used without identifying FH

Metabolic Hormonal
Diet and body weight
Lipoproteins and enzymes and apolipoproteins modulating their
metabolism, amongst others Lp(a) levels, LDL particle size, HDL-
C levels, ApoB/ApoALl ratio

Factors involved in inflammation, clotting and thrombosis,
amongst others plasma fibrinogen* and C-reactive protein*

* Are shown to increase risk of CVD in the general/non-FH population,
but their role in FH and CHD risk is uncertain

However, solid data addressing the contribution of environmental and genetic factors

to the variable physical and biochemical characteristics of FH are scarce.

Lipoprotein(a) as a CHD risk factor in FH
Lp(a) is a LDL-like particle which contains apolipoprotein (a) in addition to ApoB

(97, 98). Several epidemiologic studies have suggested that elevated levels of Lp(a)
are a strong risk factor for CHD (97, 99), also in FH persons (40, 42, 100). In a recent
large-scale prospective data study Bennet et al argue that Lp(a) is not only a CHD risk
factor, but an independent risk factor of CHD (97). This finding is supported by
others (42, 101, 102). A Lp(a) concentration of >300 mg/L is considered elevated
(103-106).
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Low HDL concentration in FH
Low HDL-C is a risk factor for CHD in FH (39). Indeed, low HDL-C levels are

considered a CHD risk factor at all LDL-C concentrations (107, 108). For plaque
regression in atherosclerosis, a minimal elevation of HDL-C in addition to reduction
of LDL-C, is by Nicholls et al estimated to be 7.5 % (109). Some statins contribute to
such a level of HDL-C increase, but most patients need combination treatment with

fibrates and/or niacin to enhance the HDL-C increase (110).

ApoAl, ApoB and ApoB/ApoAl ratio in FH
Clinical trials have reported that ApoB and ApoAl are important predictors of CHD

risk (2, 111, 112). In the INTERHEART study, with 15,000 cases and controls,
ApoALl and ApoB have been used as surrogate for anti-atherogenic HDL-C and
atherogenic LDL-C and VLDL-C, respectively (2). In the Swedish Apolipoprotein
Mortality RISk (AMORIS) study measurement of ApoB and ApoAl improved the
prediction of fatal Ml at all levels of total cholesterol, LDL-C and TGs (111).

Due to the fact that ApoB and ApoAl have opposite effects on atherogenic risk, the
ratio between the two values appears to be a useful indication of cardiovascular risk
(2, 8,112-114). In an AMORIS follow-up from 2008 (115), ApoB/ApoALl was found
equally predictive with LDL-C on CHD.

Factors involved in inflammation, clotting and thrombosis

C-reactive protein
It is recognized that CHD could be considered an inflammatory process in the body

(17, 116). Inflammation is often assessed by measurements of the inflammatory
marker C-reactive protein (CRP) (71, 117, 118). Elevated CRP is associated with
increased CHD risk (8, 117, 119-121). CRP is an acute phase reactant protein
produced primarily in the liver and is released in response to inflammatory processes
such as infection or acute injury. NCEP ATI 11l considers CRP to be an emerging
marker for the diagnosis and management of CHD (11, 71). However, CRP was by

Drakopoulou et al in a recent review considered more of a nonspecific systemic
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marker of infection and tissue damage than a CHD marker (118). Others’ findings
support those findings (122, 123). Both Ridker et al (124) and Nissen et al (125)
suggest that the reduced CHD risk observed after statin treatment correlates with
reductions in CRP levels. In the Justification for the Use of Statins in Prevention: an
Intervention Trial Evaluating Rosuvastatin (JUPITER) trial, one outcome was that
CRP independently predicts vascular events regardless of LDL-C level (126-128).
Also, one can see an additive effect on CRP level reduction with a combination of
statin and ezetimibe (71). Although there is conflicting information regarding the role
of CRP in premature CHD, most of the available evidence is in favour of their use in
assessing the prognosis of atherosclerosis and suggest the inclusion of CRP in the

standard assessment of cardiovascular risk (8).

A specific range of CRP levels is commonly used to predict CVD. The 2002 joint
American Heart Association and Centers for Disease Control Consensus Report (129)
suggested that CRP levels <1.0 mg/L indicate a low risk of developing CVD. If CRP
levels are between 1.0 and 3.0 mg/L, there is an average risk, whereas CRP levels

>3.0 mg/L indicate high risk.

Fibrinogen

Fibrinogen has a pivotal role in haemostasis; it promotes fibrin formation and is a
major contributor to platelet aggregation and coagulation (8, 130). Increased
fibrinogen levels are associated with CHD (8, 119, 131-134). Fibrinogen is useful in
the prediction of atherosclerosis (132, 135), and in patients with manifested
atherosclerosis (136). In a recent meta-analysis including 154,211 apparently healthy
subjects, the Fibrinogen Studies Collaboration (FSC) registered correlation between
fibrinogen and several established CHD risk factors (130). However, it is unclear
whether plasma fibrinogen is an independent risk factor for CHD (137), also in FH
(21).

Protein C, Activated Protein C resistance and Protein S
The Protein C system is important in anticoagulation by its regulation of the activities

of the coagulation factors Factor VVa and Factor Vllla (138). Protein S is a cofactor to
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activated Protein C (APC) (139, 140). In addition to its anticoagulant properties, APC
has anti-inflammatory functions (138). There are two forms of Protein S, one free and
one bound form. The free form acts as a cofactor in anti-coagulation in the
inactivation of coagulation factors Factor Va and Vllla. Protein S also expresses anti-
coagulant activity in the absence of APC (139, 141, 142). In inflammatory processes
the bound form of Protein S increases and the free form decreases. Consequently,
Protein S deficiency — either inherited or as a result of inflammation — could increase
the risk of thrombosis and hence CHD (139). A low concentration of Protein C in the
form of APC resistance and/or a low concentration of Protein S are clinically
interesting; with values below the reference range the risk of thrombosis increases
(138).

von Willebrand factor
von Willebrand factor (VWF) plays a central role in haemostasis (143). VWF’s

primary function is binding to other proteins in the coagulation cascade, in particular
Factor VIII (144). It is important in pla