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ABSTRACT:

BACKGROUND AND AIMS: Familial hypercholesterolemia (FH) is an autosomal
dominantly inherited disorder of lipid metabolism, caused predominantly by mutations in the
LDL receptor (LDLR) gene. Hypercholesterolemia, increased low-density lipoprotein
cholesterol (LDL-C) and increased total cholesterol are associated with an increased risk of
cardio vascular diseases (CVD). Increased prevalence of CVD is associated with sudden
premature death. Modern dietary and drug treatment have been associated with lower levels
of LDL and total cholesterol. The primary aim of this study was to determine the mortality
causes in the period 1992-2010, for the individuals that are diagnosed with FH. The secondary
aim of this study was to investigate the prevalence of death by CVD among FH individuals
with consideration of age, gender and death cause. The CVD death causes that will be under

consideration are myocardial infarction (Ml), cerebral infarction and aortic aneurysm.

STUDY DESIGN: The Medical Genetics Laboratory at Oslo University Hospital, has a FH
registry. At endpoint the FH registry had 4688 individuals. The FH registry was linked to The
Norwegian Cause of Death Registry. This linked registry contained 113 observed deaths. A
cohort of men and women aged 0-59, were followed from 1992 to 2010. They were followed
for 29853 person years. Expected number of deaths was estimated by multiplying the gender,
age and calendar specific deaths rates to the person years accumulated in the age and gender
cohort. Deaths rates were estimated from the Norwegian population. Standardized mortality
rate (SMR) was expressed as the ratio between observed deaths and number of expected

deaths. Significance was defined by the 95% confidence interval (ClI).

RESULTS: 46% of individuals with FH died of CVD. 30.1% died of cancer. The average age
for death by CVD was 62.2 years. Women who died of CVD had an average death age of
67.2 years. For men average death age by CVD was 57.2 years. 71.2% of deaths by CVD
were MI. SMR for death by CVD was 8.0 for the age group 30-39. For the age group 50-59,
the SMR for death by CVD was 1.4. In the age 0-59 the SMR for death by CVD was
significant with 2.1.

CONCLUSION: At age 0-59, cancer and none-CVD death cause had lower total SMR
among FH individuals, than the general population. Individuals with FH have higher
prevalence of death by CVD, than the general population. The main death cause by CVD is
MI. Women had a 10 years higher average age of death by CVD than men. At age 0-59,
individuals with FH have a higher SMR of death by CVD, than the general population.
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1. BACKGROUND

1.1 Hypercholesterolemia

Cholesterol can be synthesized de novo in the liver, gut and the central nervous system (1).
Cholesterol is essential to life. It is the primary component of cell membranes and a substrate

for the synthesis of bile acids, steroid hormones and vitamin D (2).

Hypercholesterolemia is usually induced by a combination of genetic and lifestyle factors.
To avoid hypercholesterolemia it is important that the metabolism of cholesterol is in a

normal biologically way (1).

Figure 1.0 Dietary cholesterol pathway (1).
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Dietary cholesterol is absorbed in the gut. Chylomicrons are rich in triglycerides (TGs)
and transport the dietary cholesterol to the live (3). In the liver cholesterol and TGs get
modified. The liver secretes very low density lipoprotein (VLDL). Lipoprotein lipase (LPL)
and hepatic lipase converts VLDL to intermediate density lipoprotein (IDL) and later to low
density lipoprotein (LDL) (3, 4).

LDL distributes cholesterol to the body tissues. The uptake of LDL into the tissue cells is
induced by LDLR (3).
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Cells remove excessive cholesterol by high density lipoprotein (HDL). HDL transports
excessive cholesterol back to the liver for degradation. Cholesterol is excreted through the
bile as bile acids and free cholesterol (1). HDL can be taken up directly in the liver by
scavenger receptors class B (SR-B). Some of the HDL gets transferred to VLDL and LDL by

the enzyme cholesteryl ester transfer protein. It is then taken up to the liver by LDLR (3).

Two major groups of lipoproteins are important in the cholesterol metabolism.
Apolipoprotein B (ApoB) is an important part of the chylomicrons, VLDL, IDL and LDL,
while Apolipoprotein A1 (Apo A-1) is mainly found in HDL (3).

1.1.1 Inflammation and atherosclerosis

Atherosclerosis was characterized as artery formed lipid deposits (5). Now we have better

knowledge about the atherosclerosis process and understand that inflammation plays a role(6).

Hypercholesterolemia promotes the inflammatory process. During the development of
atherosclerosis leukocytes attach to the arterial wall by the vascular cell adhesion molecule-
1(VCAM-1) (4). Oxidized lipids can induce VCAM -1 expression. The macrophages express
scavenger receptors for modified lipoproteins. This permits macrophages to ingest lipids and
become foam cells in the arterial wall (4).

1.1.2 Risk factors for atherosclerosis and CVVD

Gender

Studies suggest that women have 0.25-0.3 mmol/I higher levels of HDL than men (7). It is
assumed that the difference in levels of HDL, between the genders is caused by the estrogen
hormone (7). A prospective study of 14786 Finnish individuals aged 25-64 years, suggested

that the prevalence of coronary mortality was 5 times higher in men than in women (8).

Smoking

Smoking increases the risk for coronary heart disease (CHD) in both men and women. The
risk of CHD increases with number of cigarettes (9). Smokers have lower levels of HDL
cholesterol (HDL-C). Some studies suggest that smokers have 14% lower HDL levels, than

none smokers (10).
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Age

Aging is linked with increasing prevalence of atherosclerosis and CVD. 71% of Norwegian
men, who died of CVD in 2006, were over 75 years old. 90% of Norwegian women, who died
of CVD in 2006, were over 75 years old (11).

Diabetes

Type 2 diabetes mellitus is associated with a marked increase in the risk of atherosclerotic
disease. Adults with type 2 diabetes mellitus are up to four times more likely than individuals
without the disease, to suffer from cardiovascular events (12). It is assumed that insulin
resistance can increase the prevalence of CVD by dyslipidemia, hypertension and

inflammation (13).

Hypertension

Hypertension is a risk factor for the development of atherosclerosis. It is assumed that
hypertension can induce inflammation on the arterial walls (14). Hypertension is associated
with an increased risk of morbidity and mortality from cerebral infarction, CHD and M1 (15).

There is often a prevalence of insulin resistance in hypertensive patients (16).

Abdominal obesity

Visceral fat is linked with higher levels of LDL and total cholesterol. Lower levels of HDL-C
and increased prevalence of insulin resistance is also associated with visceral fat. Substances
released by visceral fat, enter the portal vein and travel to the liver, where they can influence
the production of blood lipids (17, 18). Visceral fat segregates free fatty acids, cytokines,
tumor necrosis factor, interleukin-6 and adiponectin. High segregation of these substances can

increase the risk of CVD by promoting insulin resistance and inflammation (17, 18).

Physical activity

Physical activity is important to reduce hypertension, diabetes and obesity (19). 5-13% of the
risk for hypertension can be prevented by physical activity (20). Increased energy spender and
utilization of fat are some of the health gains of physical activity. Physical activity can also

decrease the prevalence of insulin resistance (19).
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Stress

Stress can promote an unhealthy behavior like smoking, lack of exercise, excessive alcohol
consumption and an unhealthy diet. Stressors can promote CVD through the segregation of
hormones. Hormones like cortisol and adrenalin can affect the heart rhythm and the

contraction of blood vessels (21).

1.2 Familial hypercholesterolemia

1.2.1 Genetics
FH is an autosomal dominantly inherited lipid metabolism disorder (22).

Mutations in the LDLR-gene

Individuals with heterozygote FH have approximately 50% of the functioning LDLRs (23).
FH homozygotes can have 0-25% of normal LDLR function (24).

There has been identified over 1000 different mutations in the LDLR gene (25). Among
individuals in Norway, approximately 130 LDLR gene mutations have been found to cause
FH (22).

There are five main classes of mutations in the LDL-R (26). In class one none LDLRs are
synthesized. LDLR gets processed in the Golgi apparatus (27). Disruption in the transport
from the endoplasmic reticulum to the Golgi apparatus is categorized in class two. In class
three mutations, LDL-R fails to bind to the LDL at the cell surface. Failing of clustering of
the LDLR into the coated pits after binding to the LDL are class four mutations (28, 29).
Inside cells the ligand complex is transported to the endosomes, where the acidic environment
causes dissociation of the receptor-ligand complex (27). The LDLR is recycled to the cell
surface, while the LDL particle is degraded in the lysosomal compartment. Class five

mutations prevent LDLRs from being recycled to the cell surface (28, 29).

Mutations in other genes than the LDLR-gene

Mutations in other genes than the LDLR gene can cause FH. Two of those gene mutations
are ApoB and proprotein convertase subtilisin/kexin type 9 (PCSK?9). Mutations in these

genes are less common, than in the LDLR gene (27, 30).
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ApoB is the major particle of the LDL. The LDLR binds to the LDL by ApoB (31).
PCSK9 induces degradation of the LDLR-protein by binding to the Epidermal Growth Factor-
Like Repeat A domain (EGF-A) (31). Mutations in the gene coding for the PCSK9 occur
rarely (27).

1.2.2 Frequency

FH is under diagnosed. It is estimated that only about 20% of the FH cases are ascertained.

Worldwide more than 10 million people have FH (22, 32).

The frequency of homozygote FH is one per 1000000 individuals. In most populations the
frequency of heterozygote FH is approximately one per 500 individuals (22, 32). Some
studies suggest that the Norwegian frequency of heterozygote FH is one per 313. It is

estimated that approximately 15000 Norwegians have FH (33).

1.2.3 Diagnosis

FH is characterized by hypercholesterolemia, a total blood cholesterol level above

7.5mmol/l or a blood concentration of LDL-C above 4.9 mmol/l (34).

Table 1.0 Recommended blood levels of cholesterol for primary prevention of CVD.
From the Norwegian Directorate of Health (11, 35, 36).

Cholesterol Women Men

Total-cholesterol | <5.0 mmol/l < 5.0 mmol/l
HDL-c > 1.3 mmol/l > 1.1 mmol/l
LDL-c < 3.0 mmol/l < 3.0 mmol/l
TG < 1.7 mmol/l < 1.7 mmol/l

To diagnose FH, hypercholesterolemia must be present together with xanthomatosis and a
premature ischemic heart disease (IHD) history. The premature IHD history can be in the case
or a close relative (34). Premature IHD history is by many defined as cardiovascular event

occurring before 55 years among men and before 65 years among women (11).

Xanthomatosis is deposits of cholesterol in tendons and skin. The presence of xanthomas
is correlated with a 3 times higher risk of CVD (37).
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An alternative to the clinical criteria are DNA based analysis on LDLR, ApoB, and
PCSK9 mutations (38).

1.2.4 Management of FH

Medical treatment

The mainly used drug treatments are statins. Statins provide reduction in plasma LDL by up
regulating expression of LDLRs (39). Statins reduce the cholesterol production be inhibiting
the enzyme 3-hydroksy-3-metylglutaryl-coenzym A (HMG-CoA)-reductase (40). HMG-CoA-
reductase regulates the syntheses of cholesterol by controlling the transformation of HMG-
CoA to mevalonic acid. This is the velocity determined step in the production of cholesterol
(40). Sterol-regulatory element-binding protein 2 (SREBP-2) is a transcription factor, which
gets activated when liver cells get deprived for cholesterol. SREBP-2 is a transcription factor
for LDLR, HMG-CoA-reductase and 3-hydroxymethyl-3-glutaryl-(HMG-CoA) —synthase
(40).

Studies suggest that statin prescription for FH individuals under 18 years can be beneficial
in the prevention of atherosclerosis. Statin use did not indicate any adverse effect on growth
and pubertal development. These studies prescribed a maximal dose of daily 40mg statin (41,
42, 43).

Ezetimibes and Bile acid sequestrants are mainly used when individuals experience statin

intolerance or insufficient effect of statins.

Ezetimbe reduces the absorption of dietary and biliary cholesterol by preventing its
transport through the intestinal wall. Current knowledge indicates that Ezetimibe has no effect

on the absorption of fat soluble vitamins, fatty acids and bile acids (44, 45).

Bile acid sequestrants are often called resins. Bile acid sequestrants interrupt the
enterohepatic circulation of bile acids and inhibit the absorption of bile acids from the
intestine. As result the liver cells produce more LDLRSs. Bile acid sequestrants significantly
reduce total cholesterol and LDL-C. Caution needs to be taken in therapy with bile acid
sequestrants because these drugs may interfere with the absorption of fat soluble vitamins and

concurrent medication (39, 46).
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Fibrates and Nicotinic acids/niacin are sometimes used in the treatment of FH. Fibrates act
on peroxisome proliferator activated receptors (PPARS). Activation of PPARS causes
transcription of a number of genes that facilitate lipid metabolism (46). Nicotinic acids
/niacins have a modest effect on LDL-C. These drugs decrease the concentration of free fatty

acids by inhibiting breakdown of adipose fat (46).

Dietary recommendations

Dietary advice should be given on addition to treatment with statins. Dietary changes
should be combined with other lifestyle changes like daily exercise, smoking cessation and

stress management (11, 34, 46).

Dietary intervention relies upon the reduction of LDL-C by replacing saturated fat with
unsaturated fat. Some foods that contain unsaturated fats are nuts, fatty fish like salmon,
mackerel and trout. Oils of raps, olive, soya and sunflower also contain unsaturated fatty
acids. These foods should replace some of the saturated fat. Saturated fat is mainly found in

bakery, diary and red meat products (11, 34, 46).

FH-individuals should be careful with consumption of cholesterol. Egg yolks are one of

the biggest sources of cholesterol in food (11, 34, 46).

Plant sterols are assumed to reduce absorption of cholesterol. Plant sterols are mainly
consumed as functional foods. It is also recommended with a nutrition that is rich in fiber.

Fibers are mainly found in wholegrain (11, 34, 46).

When it is necessary it is important to indicate a diet for weight loss (11, 34, 46).
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Table 1.1 Nutrient composition of the recommended FH diet in Norway (47, 48).

Nutrient Recommended intake (of total energy intake)
Total fat 25 %
Saturated fat <7%
Trans fat <1%
Monounsaturated fat 10-15%
Polyunsaturated fat 5-10%

- Omega-3 1%
Cholesterol < 200mg per day
Protein 10-20%
Carbohydrat 50-60%

- Sugar Max 10%
Fiber 25-35 g per day
Plant stanol/sterols 2 g per day

Special treatments

Special treatments are mainly used by individuals with homozygous FH. LDL apheresis and

liver transplantation are the most known special treatments (49).

LDL apheresis is a mechanical method, similar to that used in kidney dialysis. The process
is removing LDL-C from the blood. LDL apheresis needs to be undertaken approximately

every one to two weeks by trained health workers (49).

Liver transplantation gives individuals new functioning liver cells that are able to process

the LDL-C. There are considerable side effects attached with liver transplantation (49).

Effects of treatment

Scandinavian Simvastatin Survival Study suggests that statins are reducing mortality and
morbidity in CHD patients (50). Statins can lower LDL-C by an average of 1.8mmol/l. This
reduces the risk of IHD events by 60% and stroke by 17% (51).

Compared to alone statin treatment, combination of statin with bile acid sequestrants can
reduce LDL-C by additionally 10-20% (52). Ezetimibe has largely replaced the use of bile
acid sequestrants. When used as monotherapy, ezetimibe decreases LDL-C by about 18% (44,
45). Ezetimibe combined with any statin will provide a mean LDL-C reduction of 14 to 25%
(44).
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Several studies suggest that dietary recommendations can have impressive impact on
lowering LDL-C. The mainly used polyunsaturated fatty acid replacements for saturated fatty
acids are o — 6. Some studies suggest that replacing 5% of the saturated fatty acids with
polyunsaturated fatty acids decreases the ratio between total and HDL cholesterol by 0.17
(53).

A meta-analysis suggested that a daily intake of stanol /sterol enriched fat spreads
significantly reduced total cholesterol by 7-11%. The study used stanol/sterol dosage of 2.3 ¢
per day (54).

Recommended dietary fiber intake is suggested to reduce total cholesterol. In
hypercholesterolemic and diabetic patients, soluble fibers with diet that is low at saturated fat
and cholesterol, lowers LDL-C with 5-10 % (55, 56).

1.3 Methodological problems in FH mortality

For ethical reasons placebo controlled studies that measure mortality and hard endpoint, can
not be conducted among individuals with FH (57). Little is known how long term statin
treatment has affected morality among individuals with FH. An example of this is that in
clinical trials statin treatment has been studied for no more than two years in FH children (58,
59). New data are needed for answering questions about how modern treatment affects the

mortality prognosis.

Some individuals get FH diagnosed late in life. In early life years, these individuals are
exposed for high cholesterol levels. It is unclear how high cholesterol levels before the

introduction of treatment, has influenced the prevalence of death by CVD.

Previous studies

The time frame of the Simon Broome study in the early 1990s overlaps with the introduction
of statins. This allows a comparison of SMR before and after the use of these medications.
The relative risk of coronary mortality in patients aged 20-59 years was higher from 1980 to
1991, than from 1992. Simon Broome study suggested that statin treatment is effective in
lowering the risk of death from CHD in individuals with FH (60).
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2146 FH patients were in the Rotterdam study. FH patients received a mean daily dose of
33mg simvastatin or 49mg atorvastatin. A compared group did not receive treatment. In the
Rotterdam study the risk of M1 in the statin treated patients was not significantly greater than
in an age matched sample from the general population. In the treated group, the Rotterdam

study observed an overall risk reduction of MI by 76% (61).

1.3.1 Challenges in assessment of FH mortality.

Individuals who avoid treatment

Some FH individuals can not get treatment in some periods of life. It is unknown how these

periods affect mortality and hard endpoints.

It is recommended for women during pregnancy to avoid statins (62). Statins have been
linked to fetal abnormalities. It is assumed that first-trimester statin exposure can defect the
central nervous system and make unilateral limb deficiencies. Ezetimbie and Niacin have in

animal studies adverse effects on the fetus (63).

Some studies suggest that muscular side effects during exercise are related to statin
treatment (64). A study monitored 22 professional athletes with FH for 8 years. The study
suggested that only 20% of the professional athletes tolerated statin treatment without getting

muscular side effects (65).

It is unclear how long term use of statin and other lipid lowering drugs can influence the
development of malignant diseases. Most studies suggest that long term statin use is not
associated with cancer (66, 67, 68, 69).

Gender

The Simon Broom study suggested that women aged 20-39, who were treated for FH, had an
annual coronary mortality of 0.17%. For men in the same category the annual coronary
mortality was 0.46%. For FH men and FH women aged 60-79 the annual mortality was 1.1%
(60).

Age
A Japanese study observed 527 individuals with heterozygote FH. Individuals were examined

over 10 years. 41 deaths were observed. The mean age of death from a cardiac event was



20

significantly younger among men. Men suffered from a cardiac event at average of 54 years,
while women suffered from a cardiac event at average of 68 years (70, 71).

Differences in national nutrition policy
CVD is responsible of about 50% of all deaths in Europe. CVD is the main contributor to the
20 year difference, in life expectancy across Europe (72).

One example of how national nutrition policy can affect prevalence of CVD mortality is
the North Karelia project. The North Karelia project brought dietary changes to a local
population in Finland (72). The project primary targeted changes in smoking and dietary
habits. The results of the North Karelia project suggested that reducing risk factors can have a
dramatic effect on CHD mortality. In 35 years, the annual age adjusted CHD mortality rate
among the 35- 64 year old male population in North Karelia declined with 85% (73).
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1.4 FH and death causes

It has been estimated that 200000 individuals with FH, die of CHD each year (22). Increased
total cholesterol levels are associated with CVD. Increased prevalence of CVD is associated

with increased sudden premature death (74).

Figure 1.1 Increased cholesterol increase the risk of death by Ml and IHD (74, 75).
Logarithmical graph describes the rate of death by M1 and other IHD with consideration of
cholesterol levels. Deaths are calculated as rate per 100000 per year (75).
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It is estimated that 50% of men that are untreated for heterozygote FH, will get CVD
before 50 years of age. Before 60 years of age 50% of women that are untreated for
heterozygote FH, will get CVD (76). The life age for both genders is estimated to be reduced
between 20-30 years (77).

1.4.1 FH and myocardial infarction (Ml)

Studies before the statin treatment decade suggest that individuals with untreated FH are 11
times at greater risk for CHD death than the general population (70). Before the introduction
of statins, some studies suggested that about 70% of deaths among FH individuals were from
CHD (70, 71). Some studies suggest that since the introduction of statin treatment, CHD
mortality has significantly reduced by 37% among FH individuals (78). Other studies suggest
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that the risk of Ml in statin treated patients was not significantly greater than in an age
matched sample from the general population (61). In 1994 among the Norwegian population,
20.5% of women and 26.8% of men died of M1 (79).

1.4.2 FH and cerebral infarction

Kaste et al conducted a study before the treatment with statins was introduced. They
suggested that individuals with FH have 20 times higher risk of cerebral infarction than the
general population (80, 81). Other studies suggest that FH individuals with statin treatment
are not at higher risk of fatal stroke than the general population (82). Cerebral infarction is the
third most prevalent death cause in Norway. In 1999, 12% of the Norwegian population died

from cerebral infarction (79).

1.4.3 FH and Aortic aneurysm

In western countries ruptured abdominal aortic aneurysm (AAA) is the cause of 1-2 % of all
deaths (83). Men, smokers and individuals with increasing age are at higher risk for AAA, but
increased cholesterol levels, hypertension and low HDL levels also increases the prevalence
of AAA (84).
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1.5 Aims of the study

1.5.1 Problems to address regarding FH and mortality

High LDL and total cholesterol levels are associated with increased risk of CVD (74, 75).
High prevalence of CVD is associated with increased premature mortality (85). Individuals
with FH are at risk for high LDL and total cholesterol. Modern dietary interventions and drug
treatments have been associated with lower levels of LDL and total cholesterol (11, 51). We
have little knowledge about how modern treatment has affected the CVD morality prognosis.
It can be assumed that premature mortality among individuals that have been diagnosed with
FH has been reduced the last years. There is need for more knowledge about the relationship

between FH and mortality.
1.5.2 Aims
The aims of this study were to investigate:

» The mortality causes in the period 1992-2010, for the individuals who are diagnosed
with FH.

» The prevalence of death by CVD among FH individuals with consideration of age,
gender and death cause. The CVD death causes that will be under consideration are

MI, cerebral infarction and aortic aneurysm.
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2. SUBJECTS AND METHODS

2.1 Study design and data collection

The data was derived from patient lists at the Medical Genetics Laboratory (MGL) and The

Norwegian Cause of Death Registry.
Registries

Molecular genetic testing for FH has been available in Norway since 1998 at a national MGL
in Oslo University Hospital. Per December 2010 there were registered over 23000 patients of
which 4688 with diagnosis of FH.

The Norwegian Cause of Death Registry is a population based registry of all causes of
death since 1951 (86). Doctors are required to complete a death certificate of all reported
deaths. Death certificates are collected by the Cause of Death Registry. The coding system
used in the death certificates is the International Classification of Diseases (ICD). ICD is used
by the world health organization (WHO) (87). This international system allows us to follow
development of various causes of death and to compare mortality causes between different
countries. Currently the 10th revision of ICD is being used.

Norwegian Cause of Death Registry and the FH registry were linked by the governmental
statistical bureau.

Table 2.0 Variables from the linked registry

Categorical variables Continuous variables Other variables

e Gender e Datum of mortality e The circumstances of
e The death cause e Year of mortality death 1

e The reliability of the e Age of death e The circumstances of
diagnosis death 2

Diagnose 2

Diagnose 3

Diagnose 4

Diagnose 5

The place of mortality
Death in institution
The commune were the
case lived
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2.2 Study population

At the study endpoint, the FH registry contained 4688 individuals. Of the 4688 individuals
2238 were men and 2450 were women. The linked registry contained 113 observed deaths.

The birth year of the individuals in the FH registry, suggest that the FH registry has an
approximate normal distribution of age.

The average age in the FH registry was 41.6 years. The youngest person in the FH registry
was 110 days old. The oldest person in the FH registry was 94.7 years. Five persons were

under one year of age, while six persons were over 90 years of age.

Figure 2.0 Distribution of birth year in the FH registry.
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2.3 Categorization of the death causes

Three cases were coded with ICD-9. Rest of the cases was coded with ICD-10. We

categorized death causes into the following categories:
1. Death by CVD
2. Death by cancer

3. Death by other causes

&

Death by possible CVD

CVD death causes were categorized into following categories:
1. Death by Ml

2. Death by cerebral infarction

3. Death by Aortic aneurysm

4. Death by possible Ml
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Table 2.1 ICD-codes that were interpreted as death by CVD. Categorized CVD death causes (87,

88, 89).

ICD codes

121.9

122.9
124.8
125.1
125.2
125.8
125.9
126.9

135.0
135.1
138

148

150.1
I51.7
151.9
160.9
162.0
163.9
164

171.1
173.9

180.2

E78.0

Description

Acute myocardial infarction, unspecified

Subsequent myocardial infarction of unspecified site

Other forms of acute ischemic heart disease
Atherosclerotic heart disease

Old myocardial infarction

Other forms of chronic ischaemic heart disease
Chronic ischaemic heart disease, unspecified
Pulmonary embolism without mention of
acute cor pulmonale

Aortic (valve) stenosis

Aortic (valve) insufficiency

Endocarditis, valve unspecified

Atrial fibrillation and flutter

Left ventricular failure

Cardiomegaly

Heart disease, unspecified

Subarachnoid haemorrhage, unspecified
Subdural haemorrhage (acute) (nontraumatic)
Cerebral infarction, unspecified.

Stroke, not specified as haemorrhage or infarction
Thoracic aortic aneurysm, ruptured
Peripheral vascular disease,

unspecified Claudicatio intermittens

Phlebitis and thrombophlebitis of

other deep vessels of lower extremities

Pure hypercholesterolaemia

410(ICD-9) Acute myocardial infarction

CVD categorization

MI

Ml
Ml
Ml
Ml
Ml
Ml
Possible M1

Aortic aneurysm
Aortic aneurysm
Possible M1
Possible M1

Ml

Possible Ml

Ml

Cerebral infarction
Cerebral infarction
Cerebral infarction
Cerebral infarction
Aortic aneurysm
Ml

Possible M1

MI
MI



Table 2.2 ICD-codes that were interpreted as death by cancer (87, 88, 89).

ICD codes Description

C06.9 Mouth, unspecified

C18.0 Caecum

C18.9 Colon, unspecified

C20 Malignant neoplasm of rectum

C22.1 Intrahepatic bile duct carcinoma

C26.9 Il-defined sites within the digestive system
C34.1 Upper lobe, bronchus or lung

C34.9 Bronchus or lung, unspecified

C43.6 Malignant melanoma of upper limb, including shoulder
C43.9 Malignant melanoma of skin, unspecified

C50.9 Breast, unspecified

C53.9 Cervix uteri, unspecified

C56 Malignant neoplasm of ovary

C61 Malignant neoplasm of prostate

C71.2 Temporal lobe

C74.9 Adrenal gland, unspecified

C80 Malignant neoplasm, without specification of site
Co1.1 Chronic lymphocytic leukaemia of B-cell type
147(1CD-9) Pharynx

191(I1CD-9) Malignant neoplasm of brain
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Table 2.3 ICD-codes that were interpreted as death by other causes (87, 88, 89).

ICD codes
A40.1
A419
G30.9
G31.9
G40.9
G71.3
K26.4

K57.8

K81.9
R54
R99.9
V23.4
V48.5
W15

X42

X44

X59.0

X61

Y08

Description

Sepsis due to streptococcus, group B

Sepsis, unspecified

Alzheimer's disease, unspecified

Degenerative disease of nervous system, unspecified

Epilepsy, unspecified

Mitochondrial myopathy, not elsewhere classified

Duodenal ulcer

Diverticular disease of intestine, part unspecified,

with perforation and abscess

Cholecystitis, unspecified

Senility

Other ill-defined and unspecified causes of mortality

Motorcycle rider injured in collision with car, pick-up truck or van
Car occupant injured in noncollision transport accident

Fall from cliff

Accidental poisoning by and exposure to narcotics and psychodysleptics
[hallucinogens], not elsewhere classified

Accidental poisoning by and exposure to other and unspecified drugs,
medicaments and biological substances

Exposure to unspecified factor causing fracture

Intentional self-poisoning by and exposure to antiepileptic, sedative-
hypnotic, antiparkinsonism and psychotropic drugs, not elsewhere
classified

Assault by other specified means
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Table 2.4 ICD-codes that were interpreted as death by possible CVD (87, 88, 89).

ICD codes Description

E10.9 Insulin-dependent diabetes mellitus without complications
E14.9 Unspecified diabetes mellitus without complications
W10.0 Fall on and from stairs and steps

2.4 Statistics

The analyses were performed using The Statistical Package of Social Sciences (SPSS) version

19.0. Some of the analysis was performed by using Microsoft Excel.
Descriptive statistics was used to describe the frequency of the gender and age.

Person years are the estimation between when a person was included in the FH registry and

when that person reached endpoint.

The age and calendar specific deaths rates for men and women in the Norwegian population
were found from the governmental statistical bureau. Expected number of deaths was
estimated by multiplying the gender, age and calendar specific deaths rates to the person years

accumulated in the age and gender cohort (60, 90).

SMR was derived from the ratio of the number of observed deaths, to the number of expected
deaths (60, 90). SMR was calculated by indirect standardization.

Absolute risks of mortality were calculated per 100000 person years.

95% CI was used to determine statistical significance. 95 % CI was calculated with the
mathematical equation 95% Cl= SMR/EF to SMR x EF where EF stands for error factor. EF=
exponential (1.96/ Vobserved number of deaths). If 95% CI contained number 1, then the
SMR was considered as none significant (90). Significant 95% ClI is assumed to give a

significance with a p-value <0.05 (90).

2.5 Ethics

The study was approved by The Regional Ethic Committee (appendix 1) and by Oslo
University Hospital for internal control and settling of research responsibility (appendix 2).
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3. RESULTS

3.1 Description of total mortality

The linked registry contained 113 observed deaths. 46.0% of observed deaths were from
CVD. The next highest death cause was cancer with 30.1%. Deaths by other causes like
accidents and unspecified sepsis represented 20.4% of the observed deaths. Death by possible

CVD was responsible for 2.7% of observed deaths.

Table 3.0 Observed deaths.

Observed deaths | Percent
Death by CVD 52 46.0
Death by cancer 34 30.1
Death by other causes | 24 21.2
Death by possible CVD | 3 2.7
Total 113 100.0

The age of death among the 113 observed deaths were wide spreading. The youngest death
of age was 18 years, while the oldest was 94 years. This represents a life year difference in 76

years. The average age of death was 61.1 years.

Figure 3.0 Age of death among all death causes.

28
26
24—
29
20
[ 4]
E 18
-
] 167
=)
= 14 —
FE']- 7]
12
[+4
= = ]
@ 10
=
S o
6
]
2-—
[5] B
0 T
0 10 20 30 40 50 80 7O &0 80 100

AGE OF DEATH, YEARS



32

The FH population had a peak for excepted death around 60 years. The general Norwegian
population had a peak for expected death around 80 years. The prevalence of expected death
was higher among the FH population than the general Norwegian population in the age 0-60.
In the age after 60 the prevalence of expected death was higher among the general Norwegian

population, than the FH population.

Figure 3.1 Expected deaths among FH and the general Norwegian population. This figure
compares expected death for 4666 persons from the FH registry with 4666 persons from the
general Norwegian population. Expected deaths for the general Norwegian population were
calculated as described in section 2.4. Expected deaths for 10 years age groups were divided with
total expected deaths. Numbers from each age group were multiplied with 4666. The same
estimates were calculated for the FH population. For the FH population the estimates were

calculated from observed deaths.
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3.2 Description of total mortality with consideration of gender and age

The linked registry had a composition of 59 dead men and 54 dead women. This indicates an

equal gender composition.

Table 3.1 Observed deaths among genders.

Gender Observed deaths | Percent
Men 59 52.2
Women 54 47.8
Both genders | 113 100.0

For men the average age of death was 58.1 years. The lowest death age among men was 18

years. The highest death age among men was 85 years.

For women the average age of death was 64.4 years. The lowest death age among women was

31 years, while the highest death age among women was 94 years.

Table 3.2 Age of death among genders.

Mean | Minimum | Maximum | Lower 95% CI | Upper 95% CI
Men 58.1 |18 85 53.7 62.5
Women 64.4 31 94 60.0 68.9
Both genders | 61.1 | 18 94 58.0 64.3

Figure 3.2 Age of death among men.
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Figure 3.3 Age of death among women.
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All the cases that died before 30 years of age were men. None of these cases died of CVD.

Table 3.21 Cases that died before 30 years of age.

ICD-code | Description Age of death | Gender
X61 Intentional self-poisoning by and exposure 20 Men
to antiepileptic, sedative-hypnotic,
antiparkinsonism and psychotropic drugs,
not elsewhere classified
X42 Accidental poisoning by and exposure to 24 Men
narcotics and psychodysleptics [hallucinogens],
not elsewhere classified
W15 Fall from cliff 19 Men
V48.5 Car occupant injured in noncollision transport 19 Men
accident
V23.4 Motorcycle rider injured in collision with car, 18 Men

pick-up truck or van

34

All the cases that died after 85 years of age were women. There were five cases that died after

85 years of age. Of these four persons died of CVD.
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Table 3.22 Cases that died after 85 years of age.

ICD-code | Description Age of death | Gender
148 Atrial fibrillation and flutter 89 Women
135.0 Aortic (valve) stenosis 90 Women
163.9 Cerebral infarction, unspecified | 91 Women
R54 Senility 94 Women
138 Endocarditis, valve unspecified | 87 Women

3.3 Analysis of none CVD mortality
None CVD mortality

None CVD mortality had 26 observed deaths for age 0-59. In the age group 10-19 did FH
individuals have higher SMR, than the general population for none CVD death. Total SMR
for none CVD mortality for age 0-59 was significant with 0.6.

Table 3.3 Mortality analysis: None-CVD mortality both genders
(All ICD-10 codes besides 100-99).

Attained | Person- Observed | Expected | SMR | 95% CI | Absolute risk

age years of deaths Deaths per 100000
observation person years

0-9 461 0 0.2 0.0 0 0

10-19 3093 3 0.8 3.8* 1.2-11.8 | 97

20-29 5726 2 3.6 0.6 0.2-2.4 35

30-39 6265 3 4.8 0.6 0.2-1.9 48

40-49 7533 6 11.0 0.5 0.2-1.1 80

50-59 6775 12 23.1 0.5* 10.3-0.9 177

Total 29853 26 43.5 0.6* 0.4-0.9 87

* p<0.05

Cancer

Cancer had 11 observed deaths in the age 0-59. In the age 0-29, there were none observed
deaths by cancer. In the age group 30-39 did FH individuals have higher SMR for deaths by

cancer, than the general population. Total SMR for cancer mortality at age 0-59 was 0.6.
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Table 3.31 Mortality analysis: Cancer both genders (ICD-10 codes C00-97 and D00-47).

Attained | Person- Observed | Expected | SMR | 95% CI | Absolute risk

age years of deaths Deaths per 100000
observation person years

0-9 461 0 0.0 0.0 0 0

10-19 3093 0 0.1 0.0 0 0

20-29 5726 0 0.3 0.0 0 0

30-39 6265 2 1.1 1.8 0.5-7.2 32

40-49 7533 2 4.7 0.4 0.1-1.6 27

50-59 6775 7 13.3 0.5 0.2-1.1 103

Total 29853 11 19.5 0.6 0.3-1.1 37

* p<0.05

3.4 Analysis of none CVD mortality with consideration of gender and age
None CVD mortality

None observed CVD deaths were among women, in the age group 0-19. It was 13 observed
deaths for none CVD mortality among women. For men it was observed 13 none CVD
deaths. Men in the age group 0-19 and women in the age group 20-39 had higher SMR for
none CVD death, than the general population. Total SMR for none CVD mortality among
men in the age 0-59 was significant with 0.5. Total SMR for none CVVD mortality among

women in the age 0-59 was 0.7.

Table 3.4 Mortality analysis: None-CVD with consideration of genders
(All ICD-10 codes besides 100-199).

Attained | Person- Observed | Expected | SMR | 95% CI | Absolute risk

age years of Deaths Deaths per 100000
observation person years

Men

0-19 1946 3 0.9 3.3* | 1.1-10.2 | 154

20-39 5806 2 5.6 0.4 0.1-1.6 34

40-59 6980 8 18.7 0.4* |0.2-0.8 115

Total 14732 13 25.2 0.5* ]0.3-0.9 88

Women

0-19 1608 0 0.5 0.0 0 0

20-39 6185 3 2.6 1.2 0.4-3.7 49

40-59 7328 10 14.8 0.7 0.4-1.3 136

Total 15121 13 17.9 0.7 0.4-1.2 86

* p<0.05
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Cancer

In the age 0-59 there was 3 observed deaths among men and 8 among women for death by
cancer. In the age 0-39, there were none observed deaths by cancer among men. The mortality
analysis with consideration of gender suggests that women in the age group 20-39 have higher
SMR, than the general population for death by cancer. For death by cancer men in the age 0-

59 had a significant total SMR with 0.3. For women in the same age group SMR for death by

cancer was 0.8.

Table 3.41 Mortality analysis: Cancer with consideration of gender
(ICD-10 codes C00-97 and D00-47).

Attained | Person- Observed | Expected | SMR | 95% CI | Absolute risk

age years of Deaths Deaths per 100000
observation person years

Men

0-19 1946 0 0.1 0.0 0 0

20-39 5806 0 0.6 0.0 0 0

40-59 6980 3 8.0 0.4 0.1-1.2 43

Total 14732 3 8.7 0.3* ]0.1-0.9 20

Women

0-19 1608 0 0.1 0.0 0 0

20-39 6185 2 0.8 2.5 0.6-10.0 |32

40-59 7328 6 9.6 0.6 0.3-1.3 82

Total 15121 8 10.5 0.8 0.4-1.6 53

* p<0.05




3.5 Description of CVD mortality

52 persons died of CVD. The average age of death by CVD was 62.2 years. Most persons
died of CVD in the age group 60-69. It was 12 CVD deaths in the age 30-49, while it was 7
CVD deaths in the age 80-99.

Figure 3.4 Age of death among CVD deaths.
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The FH population had a peak of around 60 years for expected CVD death. The general
Norwegian population had a peak of around 80 years for expected CVD deaths. The
prevalence of expected CVD deaths was higher among the FH population than the general
Norwegian population in the approximant age 25-60. In the age after 60 the prevalence of
expected CVD deaths was higher among the general Norwegian population compared to the

FH population.
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Figure 3.5 Expected CVD deaths among FH and the general Norwegian population. This figure
compares expected CVD death for 4666 persons from the FH registry with 4666 persons from
the general Norwegian population. The figure was calculated by the same method as figure 3.1.
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3.6 Description of CVD mortality with consideration of gender and age.
Both men and women had 26 observed CVD deaths.

Table 3.5 Observed CVD deaths among genders.

Observed CVD deaths | Percent
Men 26 50.0
Women 26 50.0
Both genders | 52 100.0

37 observed deaths were from MI. It represented 71.2% of total CVD mortality. Six persons

died of cerebral infarction and three died of aortic aneurysm.
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Table 3.6 Categorized CVD deaths among both genders.

Death causes Observed deaths | Percent
Both genders

Death cause by Ml 37 71.2
Death by cerebral infarction | 6 11.5
Death by Aortic aneurysm 3 5.8
Possible Ml 6 115
Total 52 100.0

84.6% of CVD deaths among men were from MI. There were 22 observed MI deaths among

men. One man died of cerebral infarction while two men died of aortic aneurysm.

Table 3.61 Categorized CVD deaths among men.

Death causes Observed deaths | Percent
Men

Death cause by Ml 22 84.6
Death by cerebral infarction |1 3.9
Death by Aortic aneurysm 2 7.7
Possible MI 1 3.9
Total 26 100.0

15 women died of MI. This represented 57.7% of CVD mortality among women. One woman
died of aortic aneurysm. 19.2% of CVVD mortality among women was from cerebral

infarction. 5 women died of cerebral infarction.

Table 3.62 Categorized CVD deaths among women.

Death causes Observed deaths | Percent
Women

Death cause by Ml 15 57.7
Death by cerebral infarction |5 19.2
Death by Aortic aneurysm 1 3.9
Possible Ml 5 19.2
Total 26 100.0

Women had an average age of death by CVD at 67.2 years. Men had an average age of death
by CVD at 57.2 years. Women had higher age of death, than men in all the CVD death
categories. Men who died of MI had an average age of death at 56.6 years. Women who died
of MI had an average age of death at 62.8 years. For both genders the average age of death by
MI was 59.0 years. Persons who died of aortic aneurysm had the highest average death age

with 76.3 years.



Table 3.63 Average age of death among categorized CVD deaths.

Death causes Men | Women | Both genders
Death cause by Ml 56.4 | 62.8 59.0
Death by cerebral infarction | 61.0 | 68.4 67.2
Death by Aortic aneurysm 69.5 |90.0 76.3
Possible Ml 470 |74.8 70.2
Total 57.2 | 67.2 62.2

Figure 3.6 Age of CVD deaths among genders
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3.7 Analysis of CVD mortality

Age 0-29 did not have observed CVD deaths. Age 30-59 had higher SMR, than the general
population for death by CVD. SMR for death by CVD decreases with increasing age for the
age 30-59. Total SMR for death by CVD was significant with 2.1.

Table 3.7 Mortality analysis: CVD both genders (ICD-10 codes 100-199).

Attained | Person- Observed | Expected | SMR | 95% CI | Absolute risk

age years of deaths Deaths per 100000
observation person years

0-9 461 0 0.0 0 0 0

10-19 3093 0 0.0 0 0 0

20-29 5726 0 0.1 0 0 0

30-39 6265 4 0.5 8.0* 3.0-21.3 |64

40-49 7533 8 2.5 3.2* 1.6-6.4 106

50-59 6775 10 7.2 1.4 0.8-2.6 147

Total 29853 22 10.3 2.1* 1.4-3.2 74

*p<0.05

3.8 Analysis of CVD mortality with consideration of gender and age

The mortality analysis of death by CVD with consideration of gender suggests that both
genders have a higher SMR than the general population in age 0-59. SMR is decreasing with
increasing age for both genders after 20 years of age. For men the total SMR for CVD death
in the age 0-59 was 1.7. For women the total SMR for CVD death in the age 0-59 was
significant with 3.6.

Table 3.8 Mortality analysis: CVD with consideration of gender (ICD-10 codes 100-199)

Attained | Person- Observed | Expected | SMR | 95% CI | Absolute risk

age years of Deaths Deaths per 100000
observation person years

Men

0-19 1946 0 0.0 0.0 0 0

20-39 5806 2 0.5 4.0 1.0-16.0 | 34

40-59 6980 11 7.1 1.6 0.9-29 | 158

Total 14732 13 7.6 1.7 1.0-29 |88

Women

0-19 1608 0 0.0 0.0 0 0

20-39 6185 2 0.2 10.0* | 2.5-40.0 | 32

40-59 7328 7 2.3 3.0* |14-63 |96

Total 15121 9 2.5 3.6* |19-69 |60

*p<0.05
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3.9 Analysis of mortality by CVD with consideration of periodic intervals

In the age 0-59 both periods had a significant higher SMR than the general populations for
death by CVD. SMR is decreasing with increasing age for both genders after 20 years of age.

In period 1992-2005 the total SMR for CVD death in the age 0-59 was 1.9.

Table 3.9 Mortality analysis: CVD 1992-2005 both genders (ICD-10 codes 100-199).

Attained | Person- Observed | Expected | SMR | 95% CI | Absolute risk

age years of deaths Deaths per 100000
observation person years

0-19 928 0 0.0 0.0 0 0

20-39 5958 3 0.4 7.5* 2.4-23.2 | 50

40-59 7446 8 5.5 1.5 0.8-3.0 107

Total 14332 11 5.9 1.9* 1.1-34 77

*p<0.05

In period 2006-2010 the total SMR for CVD death in the age 0-59 was significant with 3.0.

Table 3.91 Mortality analysis: CVD 2006-2010 both genders (ICD-10 codes 100-199).

Attained | Person- Observed | Expected | SMR | 95% CI | Absolute risk

age years of deaths Deaths per 100000
observation person years

0-19 2626 0 0.0 0.0 0.0 0

20-39 6030 1 0.3 3.3 0.5-23.4 |17

40-59 6866 10 3.4 2.9* 1.6-5.4 146

Total 15522 11 3.7 3.0* 1.7-54 71

*p<0.05
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4. DISCUSSION

4.1 Challenges in the study
Challenges in the categorization of the death causes

In the Norwegian somatic health care, ICD-10 was officially in use 1. January 1999. The
WHO introduced ICD-10 in 1993 (91). In our study most of the cases from the period 1992 to
1999 were coded with ICD-10. Three of the deaths were coded with ICD-9. This could
suggest a difference in the criteria of death coding between our study population and the

general population.

According to the ICD-10 manual, all diseases in the circulatory system are categorized
with category block | (87, 88, 89). Persons that had the category block I in the main diagnosis,
were defined as death by CVD. Five persons with death cause E78.0 pure
hypercholesterolemia were also defined as death by CVD. ICD-10 code E78.0 also includes
FH (87, 88, 89). Many studies suggest that individuals with FH are at higher relative risk of
death by CVD (70, 71).) This was the reason why we assumed that persons with E78.0 died of
MI.

Three persons were defined as possible death by CVD. One person had main death cause
insulin dependent diabetes mellitus without complications. The other had main death cause,
unspecified diabetes mellitus without complications. Type 2 diabetes mellitus is associated
with increased risk of CVD (12, 13). The third possible case had main death cause as fall on
and from stairs and steps. This case had several other diagnoses. These other diagnosis
included instantaneous death, unspecified CVD and unspecified injury. We can assume that
this person has had a cardiovascular event, before the fall from the stairs. It is likely that these
three cases died of CVD, but it is impossible to claim with scientific knowledge that these
cases died of CVD.

Challenges in the categorization of CVD death causes

Some of the ICD-codes that described the death cause were difficult to categorize in the
different CVD categorizes. One case died of peripheral vascular disease, unspecified
claudicatio intermittens. 60% of individuals with peripheral vascular disease, unspecified

claudicatio intermittens die of MI (93, 94). We assumed that this person died of M, since
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claudicatio intermittens affects the legs and death can only occur as a complication of

claudicatio intermittens.

The person that died of left ventricular failure was defined as death by MI. Left ventricular

failure is a usual symptom of Ml (94, 95).

Some death causes were interpreted as possible MI. 2 persons died of unspecified
endocarditis valve. According to the Norwegian doctors hand manual is heart failure the
mostly common symptom for endocarditis (96). Cerebral embolism is prevalent in 30% of the

endocarditis cases (97).

Studies suggest that atrial fibrillation and flutter are important risk factors for myocardial
and cerebral infarctions (98, 99). Atrial fibrillation and flutter is assumed to increase the risk
of cerebral infarction (100). Some studies suggest that atrial fibrillation and flutter increases
the risk of sudden cardiac death by a 1.31 risk ratio (101). It can be interpreted that the case
that died of atrial fibrillation and flutter is at equal risk for myocardial and cerebral infarction.

One person with death cause 180.2 had phlebitis and thrombophlebitis of other deep
vessels of lower extremities. Major risk factor for pulmonary infarction is deep vein
thrombosis in the leg, which emigrates to the lung arteries. This can cause sudden death by
preventing blood and oxygen supplement to the lungs (102). One person died of pulmonary
embolism without mention of acute cor pulmonale. We assume that these two cases died of

pulmonary infarction.

One person died of cardiomegaly. Cardiomegaly is associated with abnormal heart
rhythms, heart valve problems, atherosclerotic disease and sometimes chronic diseases such
as thyroid disorders (103, 104). Some of the complications of having enlarged heart are
sudden death, heart failure and cardiac arrest (104). It is difficult to determine if this person
died of MI.

Challenges in the control of risk factors

Many of the factors that could influence the prevalence of death by CVD are not excluded. 15

of the persons who died of CVD had other diagnosis.

Mostly the other diagnosis confirmed the CVD death cause. Other diagnoses that probably
influence the prevalence of death by CVD like hypertension, obesity and diabetes mellitus

should have been diagnosed as other diagnosis (13, 14, 18).



46

The diagnosis unspecified diabetes mellitus without complications is associated with a
marked increased risk in the development of atherosclerotic disease (12, 13). One person died
of chronic ischaemic heart disease at 66 years of age. This person had also diagnosis of
unspecified diabetes mellitus without complications. At age 54, one person died of old
myocardial infarction. This person had several other diagnoses. One of the diagnoses was
unspecified diabetes mellitus without complications. We can assume that these two cases
would have had longer life age, if they did not have unspecified diabetes mellitus without

complications.

Dementia often disables individuals to function in their daily life by reducing cognitive
functions. Some individuals with dementia are not able to have a normal memory, attention
and problem solving skills (105, 106). One person died of unspecified chronic ischaemic heart
disease. This person had secondary diagnosis unspecified dementia. We can assume that this
person has forgotten to have a good adherence to dietary and medical recommendations. If

this is correct then we can assume that this person would have had a higher life age.

According to WHO, among patients with chronic illness, approximately 50% do not take
medications as prescribed (107). Other long term studies suggest that adherence to statin
therapy is low (108). A study analyzed a database with 21393 subjects who received at least
one prescription for statins during the period between 1994 and 2003. The adherence to statin

therapy reminded low with a with a 50% discontinuation rate in the first year (108).

A study with 336 FH patients examined adherence to the use of medications. A total of
36.6% reported total adherence to the use of cholesterol lowering medication. 64.4% reported
some level of none adherence, but only 15% reported that they had quit medical use. The
study suggested that patients with FH had overall high levels of adherence to the use of
medication (109).

It is unknown if the study population had good adherence to the dietary and medical
recommendations. Adherence to dietary and drug advices could have affected the mortality

age.
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4.2 Methodological consideration

Methodological consideration of person years

We did not have the date when the first 704 persons were included in the FH registry. We
estimated for all besides of one case, that they were included in the FH registry in 01.01.1992.
This case was born after 01.01.1992. We estimated that this case was included in the FH
registry the day after birth. The person years would probably have had other estimates, if we
had the accurate datum of the registration of all cases.

This study did not take consideration of censored cases. It can be assumed that some
persons have changed their ID-number or that they have emigrated to other countries. It is
possible that some persons could have been excluded from the FH registry, before our end
point. In the Simon Broome study five cases were censored because of emigration (60). Our
study had about four times more individuals than the Simon Brome study. If we can expect to
have four times more censored cases than the Simon Broome study, then this study would
have had around 20 censored cases. The estimate of person years would have been lower, if

the study had taken consideration of censored cases, but still 20 of 4688 is a small fraction.

Methodological limitations in the statistical method

Our study used 95% ClI to test if the results were significant. Many other studies use p-value
to test significance. Significance by 95% CI and the p-value are estimated from the same test
observation. This makes a similarity between the 95% CI and p-value. Usually a significant
95% Cl is assumed to give a significance with a p-value <0.05 (90). It is therefore not
possible to claim that significant results defined by the 95% CI are more unstable than

significant result defined by the p-value (90).

Some of the results from the mortality analysis were not significant. The study samples
were probably too small to give significant results for every age group (90).

Standardization facilitates comparisons between populations with distinct gender and age
structures (110). The most used statistical methods for standardization are direct
standardization and indirect standardization. Each of these standardization methods has
limitations. The direct standardization indicates instability, when the populations to be age
adjusted are small. Even for small age adjusted populations indirect standardization achieves
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precision in the estimates. It is difficult to conduct a valid internal comparison in the study
population with indirect standardization (110, 111).

For both standardization methods the main problem is selecting a proper population that is

multiplied with the person years (111).

Individuals with FH are in this study compared to the general population. There can be
small population groups in the general population who have high prevalence of deaths by
none and CVD deaths.

In the general population there are individuals with genetic lipid disorders. Example of
these genetic diseases can be LPL mutations that cause primary hypertriglyceridemia (112,
113). Our study population is compared to a general population where it can be population

groups that have higher risk for CVD and none CVD mortality, than the general population.

Methodological limitations in the study design

In none placebo controlled studies there is a possibility for confounding (114). Risk factors
like diabetes, hypertension and obesity can have influenced our study population and the
general population. Risk factors could have influenced these two populations in different

ways. This could have given our study misleading results.

About 15000 individuals have FH in Norway (33). In 2010, 4688 individuals were
registered in the FH registry. Our study population is not a random sample of a population. It

is possible that selection bias has occurred (115).

There are different ways for screening FH. To genetically screen the entire population in a
country is not cost effective. The most cost effective way to detect FH is by cascade screening
(22). This means to investigate first degree relatives of an already diagnosed FH individual.
To diagnose FH, a premature ischemic heart disease history must be present in the case or a

close relative (32).

The mortality analysis for CVD mortality in the periods 1992-2005 and 2006-2010 suggest
that the period 2006-2010 has a higher total SMR, than the period 1992-2005. In the period
1992-1999 the linked registry had 9 observed deaths. Of these observed deaths, four died of
CVD.
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Some individuals are possibly more attentive on FH after a mortality case in a close
relative. It is possible that persons that had experienced a cardiovascular event in a close
relative were interested to investigate if they had FH. This could have given a selection bias
where the individuals in the FH registry, were selected after mortality incidences. Individuals
could have been diagnosed with FH after CVD death in a close relative that was not registered
in the FH registry. This could specially have been prevalent in the beginning of the study

period.

We can also assume that persons who have most knowledge about health and are most
strict with personal health care, are in the FH registry. These cases experience maybe stronger

symptoms of FH than other FH patients.

The estimates from our study would probably have been different if we had excluded some

of the confounding and selection bias.

4.3 General discussion

Consideration of the study population

The FH registry is a big study population. It has almost an equal distribution of gender. The
birth year of the individuals in the FH registry, suggest that the FH registry has an

approximate normal distribution of age. The FH registry has a periodic interval of 19 years.
These factors make our study population very similar to the general Norwegian population,

but still it is unclear if our results can be generalized to subgroups in the general population.

We do not know the socioeconomic status (SES) of each individual. Several studies
suggest that people with lower SES have higher prevalence of CVD risk factors, such as

obesity, hypertension, diabetes mellitus and hypercholesterolemia (116, 117).

Some studies suggest differences in lipid metabolism between different ethnic groups. It
has been suggested that African American women have lower plasma TG and higher HDL-C
levels, than Caucasians American women (118, 119). Heritage family study examined the
effects of race on plasma lipids and LPL activity. In this study both African American men
and women had higher LPL activity and lower hepatic lipase activity than Caucasians
Americans (120). This could explain why African American women have an increased

clearance of TG from plasma (119).
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Consideration of mortality analysis

In 2010, the expected death age in Norway was 83.2 years for women and 78.9 years for men.
In the period 1991-1995 the expected age of death was 80.4 years for women and 74.4 years
for men (121). It is possible to assume expected death age is approximately the same as

average age of death (appendix 3).

Figure 4.0 Prevalence of death in 2010 among the Norwegian population (122).
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Our study had an average death age of 61.1 years. If our study population had an average
age of death as the general Norwegian population, than it can be assumed that we would have

got other results.

The main difference in the average age of death between the FH population and the

general population is the prevalence of CVD mortality.

In high income countries 13% of deaths from none communicable diseases are among
individuals under 60 years (123). In our study, 42.3% of CVD deaths were before 60 years of
age. Total of 22 persons died of CVD before 60 years of age. The first premature CVD deaths


http://www.tritrans.net/cgibin/translate.cgi?spraak=Engelsk&Fra=communicable
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among FH individuals appear in the third and fourth decade of life (76). This could explain
why our study population did not have observed CVD deaths in the age 0-29.

Heart disease and stroke deaths rise significantly after 65 years of age. About 75 % of the
nearly 5 million patients with heart failure in the United States are older than 65 years (124,
125). In our study 42.3% of the CVD deaths were after 65 years of age.

71% of Norwegian men, who died of CVD in 2006, were over 75 years old. 90% of
Norwegian women, who died of CVD in 2006, were over 75 years old (11). In our study 16
persons died of CVD after 75 years of age. This represented 30.8% of CVD deaths.

Figure 4.1 Different age groups as percent of CVD mortality among FH individuals.
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Previous studies have shown a significant impact of age on plasma LDL-C levels (126).
Plasma LDL-C levels increase progressively from young adulthood to approximately age 60
in men and to age 70 in women. After this plasma LDL-C levels decrease (127). Decrease in
LDL-C levels may be partly due to selective survival of individuals with lower cholesterol
levels. This could indicate that the FH population in the increasing age has had a selective
survival (126, 127, 128).

The FH population had about 20 years lower average age of death than the general
population. The prevalence of CVD mortality has a different distribution in the FH population
compared to the general population. These numbers make it difficult to compare the FH
population and the general population with SMR for persons older than 60 years. Results for
individuals older than 60 years could be misleading.
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4.4 Principal findings

One person died of mitochondrial myopathy. Some studies suggest that therapy with
statins can induce lower levels of coenzyme Q10. Coenzyme Q10 facilitates electron transfer
in the generation of adenosine triphosphate (ATP) (125). Coenzyme Q10 is important in the
mitochondrial bioenergy transfer. An important precursor for coenzyme Q10 is mevolonic
acid. Statins inhibit production of mevolonic acid. It is assumed that statin therapy can induce

myopathies through coenzyme Q10 deficiency (129).

The individuals in our study have got modern treatment with lipid lowering drugs and
dietary advices, but still the prevalence of CVD deaths is higher among FH individuals than

the general population.

37% of the general Norwegian population died of CVD in 2010 (130). In our study 46%
died of CVD. This could be an indication that individuals with FH have a higher prevalence
of death by CVD, than the general population.

Before 60 years of age, men are more prone of death by CVD than women (11, 76). This
study also indicates this hypothesis. For men the average age of death by CVD was 57.2

years. For women it was 67.2 years.

Studies suggest that for individuals with FH, the relative risk for death by CVD is at its
highest at younger age (60). The relative risk decreases with increasing age (60). This study
suggests that SMR decreases with increasing age for CVD deaths in age 29-59. Our study did
not have any observed CVD deaths for persons who are younger than 29 years.

71.2% of CVD mortality was by MI. MI counted 32.7% of total mortality. In 1994 among
the Norwegian population, 20.5% of women and 26.8% of men died of Ml (79). This suggests

that death by M1 is more prevalent in FH patients, than the general population.

22 men and 15 women died of MI. The average age of death for men by MI was 56.4
years. For women these estimates were 62.8 years. These estimates suggest that men have a
higher prevalence and lower age of death by MI than women.

Three persons died of aortic aneurysm. Six persons died of cerebral infarction. Six persons
were defined as possible MI. Study samples for these death causes are small. Small study

samples make it difficult to suggest gender differences for these death causes. It is difficult to
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claim differences between our study population and the general population for these death

causes.

This study suggests that individuals with FH have higher SMR of death by CVD, than the
general population at age 0-59. Other studies suggest that individuals with FH are at higher
relative risk of death by CVD also after 60 years of age (60).

Clinical relevance

Modern dietary and drug interventions are available for treatment of FH, but still the

prevalence of CVD deaths is higher among FH individuals than the general population.

A study investigated if patients with FH had been adequately treated with lipid lowering
drugs (131). A questionnaire was sent to 2611 subjects who had a molecular genetic diagnosis
of FH or familial defective apoB-100. Blood sample with lipid measurements were obtained.
956 subjects participated. The average age for starting lipid lowering therapy was 33.4 years.
Among those below 18 years of age, only 20.4% were on lipid lowering drugs. 89.1% of
those aged 18 and above were on lipid lowering drugs. The average levels of total cholesterol
were 5.7 mmol/l. The average levels of LDL-C were 3.9 mmol/l. 29.0% of those on lipid
lowering drugs had levels of LDL-C below 3.0 mmol/I. 47.3% of the subjects were

considered as being adequately treated (131).

It seems that not all FH patients are treated with lipid lowering drugs. It is also possible that
too many FH individuals have begun lipid lowering treatment at a late age. It can therefore be
assumed that individuals with FH have been exposed for high cholesterol levels.

European guidelines for the management of dyslipidaemia suggest that FH patients are a
high risk group for CVD (132). These guidelines suggest that for heterozygote FH high dose
statin is recommended. If needed high dose statin can be in combination with cholesterol
absorption inhibitors or bile acid sequestrants. Treatment is aimed at reaching LDL-C levels
that are below 2.5 mmol/l (132). It is possible that adherence to the European guidelines for
the management of dyslipidaemias can give better mortality prognosis for FH patients.

The use of clinical diagnostic criteria to diagnose FH identifies only approximately 50% of
FH patients (133). Molecular genetic testing is an efficient tool to diagnose patients. A study

suggested that reductions in total serum cholesterol by 18.4% and 25.3% LDL- C were
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observed 6 months after genetic testing among adults with FH mutations. These FH mutation
carriers were not on lipid lowering treatment before the genetic testing (133).

4.5 Future perspective

There are few studies on the relationship between FH and mortality. There is need for several

studies to scientifically claim the impact from this study.

Future studies could investigate if FH individuals that have got modern treatment from 18
years or younger are at increased risk of premature CVD. It would be very interesting to
investigate if these individuals that have got treatment at a young age are less prone for
premature CVD death than FH individuals that have got FH treatment late in life.

Studies have investigated differences in prevalence of risk factors among different age
groups of FH individuals (134). It would have been interesting to investigate if these risk
factors like high cholesterol levels would have been less prevalent if FH individuals were

treated with higher doses of lipid lowering drugs.

It would be interesting to compare the individuals that have been diagnosed in the FH
registry in the period 1992-1995 with the general population for malignant diseases. This
could give further knowledge if long term FH treatment has potential side effects.
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4, CONCLUSION

a. Individuals with FH have significantly lower total SMR than the general population
for death by cancer and none-CVD death in the age 0-59.

b. Individuals with FH have higher death prevalence by CVD, than the general
population.

c. The main death cause by CVD is MI.

d. Women had a 10 years higher average age of death by CVD than men.

e. This study suggests that both men and women with FH at the age 0-59 have higher
SMR by CVD, than the general population.

Individuals with FH have a lower average age of death than the general population. If we
could assume that individuals with FH would have same age of death as the general
population, then it would be possible to assume that individuals with FH would have had a
higher SMR for death by CVD also after 60 years of age.

Modern dietary and drug interventions are available for treatment of FH, but still the
prevalence of CVD deaths is higher among FH individuals than the general population. There
is a need for more studies to investigate how modern dietary and drug treatment has affected

the prevalence of CVD deaths among individuals with FH.
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professor dr. med.
konutéleder
Katrine Ore
KomitésekreterRadgiver
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APPENDIX 2: FORMULA FOR INTERNAL REGISTRATION. INTERNAL CONTROLL

AND SETTLING OF RESEARCH RESPONSIBILITY AT OSLO UNIVERSITY
HOSPITAL.

A. INFORMASJON OM S@KER OG STUDIENS NAVN OG FORMAL

1 INFORMASJON OM SBKEREN (Forstudiersom OUS erforskningsansvariig for, mé prosiektiederha et formelt forhold til OUS,
dws. ve=re ansatt ellervis svtsle veere underinstruksjonsmyndighet av OUS )
Deltagelse i ekstern studie: Feropp béde intemt og ekstemt ansvariig.

Mawvn og stilling: Avdeling hvor prosjekiet gjennomferes:

[ietil Retterstel Avdeling for emseringsvitenskap/Detmedisinske fakultetetved Ui
Klinikk:

Telefonnummer: E-postadresse:

90098393 kjetil.retterstel@medisin.uio.no

2 PROSJEKTETS NAVN | TITTEL

Hvordan har mortaliteten blant mennesker medfamilizer hyperkolesterclemi{FH) endretsegi perioden 19951120107

3 BESKRIVFORMALET (HOVEDMAL OG DELMAL VED PROSJEKTET)

Gjar en systematisk kartlegging av utviklingen av mortalitet hos personer med familizer hyperkolesterolemi(FH)i perioden
1992 1il 2010. Vi haper pa 3 kartlegge utviklingen av levealderved denne perioden.

Gjar en systematisk kartlegging av utviklingen av mortalitet hos personer med familizer hyperkolesteralemi(FH)i perioden
200011 2010 med hensyn til dedsarsak, kjgnn og alder. De dadsarsakene vi spesielt ansker & se nasrmere pa, er dadsfall
ved hjerteinfarkt, hjerneslag og acrttaaneurisme. Dedsarsakene blir definert utfra ICD-10 kriteriene.

4 PROSJEKTBESKRIVELSE, kort (bakgrunn, metoder, anvendte metoder, evt. preliminasre resultater).
Praktisk info: Hvilke pasienter/personer (antall) skalinkluderes, inklusjons periode (s pesielt rekrutteringstid deravdelingen er
involvert), fra hvor, pa hvilken méate, av hvem, behov for innsats fra OUS-ansatte osv.

Bakgrunn:

Familizer hyperkolesterolemi (FH) karakteriseres av haye plasmaverdier av totalkolesterol og LDL(low density lipoprotein).
Ubehandlet medfarer familizer hyperkolesterolemi(FH) til ekt sirkulasjon av totalkolesterol og LDL(low density lipoprotein}i
plasma. Dette gir gkt risiko for hjerte- og karsykdommer. Far 50 ars alder angis 50 % av menn, som er ubehandletfor

heterozygot familizer hyvperkolesterolemi(FH) a fa hjerte- og karsyvkdom. Fer 60 ars alder angis 50 % av kvinner, somer

med20—320 arfor disse to gruppene. Hjerteinfarkt er den vanligste dedsarsaken i Morge, mens hjerneslag er den tredje
hyppigste dedsarsaken

Metode: Personnummer pa pasienter fra familizer hyperkolesterolemiregisteret vil bli koblet opp motdata i
Dedsarsaksregisteret.

Utwalg:l Morge er det registret ca. 4800 personer medfamilizer hyperkolesterolemi{FH). Disse personene erregistrerte i et
familizer hyperkolesterolemi register, som strekker seg over 15 ar tilbake i tid.

ubehandletfor heterozygotfamiliaer hyperkolesterolemi(FH) a fa hjerte- og karsykdom. Levealderen antas a8 vaere redusert

Forskennitiert prosjekt

Rent OUS-prosjelt

Multisenterstudie ledet av
ous

Multisenterstudie ledet
ekstamt

Chppdragsforskning

E J= O Mei O Ja & Mei O J= @ MNei O = @ HNei O J= E Mei
Hivis Ja se pkt. B x«i)
5 EMNEORD (max 5) FOR PROSJEKTET, FRA HEALTH RESEARCH CLASSIFICATION SYSTEM

Familizer hyperkolesterolemi (FH), mortalitet, dedsarsak, alder, utvikling

6 PROSJEKTPERIODE

(fra start rekruttering til cg med publisering og eventush oppbevaring av opplysningerog / eller biologisk materiale d eretter)
Chppstart: Aoveslutning:
22082011 15.06.2012

Del B avklarer hva som videre skal fylles ut
Selv om prosjektet er del av tematisk konsesjon eller kvalitetsregister
ma internkontroll og forankring av forskningsansvar,
samt ekstern godkjenning gjennomfgres
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B. AVKLARING PABEHOV FOR FORMALISERING

i) Er prosjektet intern
kvalitetssikring 7

(imf. § 26 i Helsepersonelloven)
OJda  [E Nei

Dersom Ja, fyll kun ut del C og
pkt.E 14

ii) Er prosjektet kvalitetsstudie? iii) Er prosjektet forskning?

[ Ja [ Nei [HJa [MNei

Fyll ut relevante deler av skjemaet.
Internkontroll og forankring av
forskningsansvaret, samt ekstern godkjenning
ernadvendig

Dersom Ja, skjemaet fylles ut, men
kun intern prosess er nadvendig.
Personvernombudets tilradning gir
den formelle godkjenning

) Brukes personopplysninger, inkludert
kodede?
B Ja O Mei

DersomJa, fyllut del Cidette skjems

v} Er prosjektet kiinisk forsek?
O J= B Hei

Vil forsekpersoner prospektivi bli inkludert til &n behandlingsgruppe eller til sammenlignede grupperfora
undersgke effekiznav helserslsterts ogiellerlegemiddaielatats ende punkt?

[Gjelderalle randomiseringsstudier)

OJs B Mei

Dersom.Ja, ma prosjektet registreres i Clinicaltials.gov Protocol Registration Systen.

ed forskerinitierte prosjeld registrerer prosjeldieder, kontakt Stsb forskning, innowvasjon ogutdanning for
tilgang (e-post postforskning @ous-hfno).

‘Wed oppdragsforskning vil vanligvis sponsor registrere

Erstudien en observasjonsstudia?
OJ= E Mei

| gkende grad vil tidssknftene ogsa kreve at observasjonsstudier registreres 11 Clinicaltnals.gov
Protocol Registration System

vij Innebserer prosjekiet kiinisk utpreving av
legemidlertil mennesker, inkiudert sammen-
ligning av eksisteranda behandling sregimer?
O Ja E Mei

Dersom Ja, ma sgknad til Statens
legemiddeiverk sendes etterintem
godkjenning er gitt (hvis ikke
sponsorioppdragsgiver gjerdet)
Legemiddelstudier krever ogss egen
forsikring

Kontaktopplysninger pa sponsor:
Mawvn:

Adresse:

vilj @nskes radgivning i Good Clinical
Practice (GCP) ellermonitorerng?

wiil) Ormfatter prosjektet Kinisk utpreving av medisinsk
utstyr?

O-= B Mei O J= E Mei

Dersom.Ja, ma melding sendes til Helsedirektoratet
Krysses det avforda hervildin forespersel
vurderes og du vilmotta en tibakemelding pa
dette

Involverer prosjektetutprening av medisinskieknisk
utstyr?

[Det erpalagt & falge retningslinjens for Good | O Ja E Mei
Clinical Practice ved legemiddelstudiar)
Dersom.Ja, ma Medisinskteknisk avdeling kontaktes fer
utstyrettasibruk

<) Brukes biologisk materale, inkludert
tilleggspreverog tileggsanalyser?
OJs E Mei

DersomJa, fyllut del Didette skjemsa

=) Omfatter prosjektet ogsa dyreforsek?
O = E Mei

Dersom.Ja, mé kopi v godigenning ved snsvarshavende for forssksdyrawdelingen fremilegges

) Skaldet inngss kontrakter med ekstemeenheteri forbindelse med prosjeitet?

E = O Mei

DersomJa, og den eksieme enhet erenindustriell enhet. ma Inven2 kontskies (posti@invenz. com)
Dersom Ja og den eksteme enhet eren forskningsinstitusjon, ma Seksjon for Forskningsedministrasjon kontaktes

(e-post: geir.gogstedi@ous-hf.na)
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C. MELDING OMBRUK AV PERSONOPPLYSNINGER

(for forsknings studier, kvalitetssikrngsstudier, kvalitetssikring o g annen aktivitet som medferer behandling/bruk av
personopplysninger, inkl. avidentifiserte/kodede opplysninger)

7 RETTSLIG GRUNNLAG FOR BEHANDLING AV PER SONOPPLY SNINGEMNE!

7.1 Samtykke

Skal detinnhentes skriftlig samtyke fradenregisteds? O J= E Mei
Hviz nei, bagrunn hvarfar: Personene som erregistrets i dedsarsaksragisierst erdede. Alle som erregistrert | pasientregistarst for FH har
tidligere avgit skrftlig samtykke for detle som erarkibert pa Medisinsk Genetisk Avdeling.

Skaldetinnhentes sknftlig samtykke fra andra ennden registreta? O l= [ Mei
Hvis ja, av hvem?

Hvis bam inkluderes, angialder

Skaldetsekes omunntsk fra taushetsplikd? O l= [ Mei

ELLER
7.2 Intern kvalitetssikring av pasientbehanding, jmf Helsepersonelloven § 26
O J=, prosjektet oppfyller Helsepersonelloven § 26
Opplysningene ma veeme slettet eller anonymisert fer eventuell publisering av resultster. Ma publiseres som kvalitetssikrng, ikke som forskning.

Det kreves ikke samtykke. Personopplysningsloven § 33, 4. ledd girunntak for konsesjon, men krever melding.
Det erikke krav til samtykke, men pesientersom harreservert segmot slik bruk ev opplysningene skal respektenes.

ELLER
7.3 Annetsom hjemler melding, angi arsak/hjemmel:

8  SLETTING/ANONYMISERING

Angi tidspunktfor sletting/anonymiserng avdets: 2015
Beskriv hvordan dats vil bli slettet/anonymisert: Papirmakulerss og dstsfilersletiez

9 DETALJER OM PROSJEKTETS INFORMASJONSBEHANDLING
Felgende ansvar gjelder ifm innsamling, registrering og bruk av personopplysninger.
+ opplysningene skalvasre tilstrekkelige og relevante i forholdtil formélet med den planlagte databehandling
+ opplysningene skalvasre korrekte og oppdaterte

891 Type personopplysninger databehandlingen / prosjektet skal omfatte:

ERR

Hvis det benyties kobling mot forskrftsregulerte registre (som for

eksempel fedselsragister, krefregister, dedsarsaksregister, allerintemns : :
konsesjonsbelagie registre) angihvilke registre: Dodsarsaksregister

Angi totalt antall inkluderte: 42800
Ved multisenterstudie, hvor mange inkluderte fra OU5:
912 lkke-sensitive personopplysninger 9132 Sensitive personopplysninger (jf. personopplysningsloven § 2 nr. 8)
|dentifikasionsopphysninger Prosjektet omfattero ni rom
[E Mawvn, sdresse, fedselsdat O rasemessig eller etnisk bakgrunn, eller politisk, filosofisk eller religies
[ Fedselsnummer(11 siffer) oppfatning
O Fingerswtrykk, iris O sten person harveet mistenkd, siktet, titalt ellerdemt for en streffoar
O Annet: handiing
E helseforhold

rsninger om trediepersoner (familiefsle kini 0 seksuelle forhold
O Mavn, adresse, fedselsdatn O fagforeningstilhenghet

O Fedselsnummer(11 siffer} . i i . i i
O Annet: Prezisernsmere: Personer med diagnostisert familiser hyperoolesterolemi(FH) blir
sammenlignet i Dedsarsksregisterat for & se utviklingen i forhold til mortalitet.

Adferds F=nin. Behandles spesielt inngripende opplysninger, i 55 fall hvilke 7
O Loggferng av adferd
O Preferansar (ensker, behovog lignende)
O &nnet:
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92 Utvalg

Informasjonsbehandlingen omfatter opplysninger om (beskriv ogsa eventuell kontrallgruppe):
O Ansstte | egen viksomhet O Eleveristudenter bamahagebam [ Pasienter ved OUS O Tifeldig utvalgte
O Adgangskontroliere O Mediammer O Pérerende O Seleksjonsutvaigte
[0 Friske frivilige [ Pasienter ved andre sykehusfinstitusjonsr E Andre

Dersom det skal gis godigjeralse, beskrv nsrmerz: | Morge er det registret ca. 4800 personer med familis=r hyperkolesterolemi(FH). Disse
personene er registrerte i et familiszr hyperkolesterolemi register, som strekder seg over 15 ar tilbake i tid.

9.3 Innsamling av opplysningene

Hvordan samles personopplysningene inn?

O Manualt [ Elektronisk (bide og tekst) O videoopptak O Lydopptak [ Annet (beskriv hvordan): Familis=r
hyperolesterolemi(FH) og Dedsarsaksregisterat
O Fr= den registrerte selv

Hvor innhentes personopplysningene fra? [ Annet (beskrv hvor fra): Familisr hyperkolesterolemi (FH) og
Dedsarsaksregisteret

Hvordan oppnas kontakt med de som skal inkluderes?

Hvis innsamling av personopplysninger skal gjeres fra endre
virksomheter, hvordan skal dette gjennomferes?

94  Utlevering av opplysningene

Blir personopplysningene gjort tilgjengelige/utlevert
til andre virksomheter? O Js B Mei

Dersom ja:

Cppgimottskeres navn og adresse:

Ervirksomheten innenfor ELVE@S7? O J= O Hei
Vil den eksteme virksomheten brukes som .
ressurs/laboratorumisnnet for denne studien? O O nei
Vil mottakeren ha eget formalistudie? O J= O Mei

Hva blir overfert?

O Informasjon med navn, fedsslsnummer eller annet som entydig angir det enkelte individ
O Anonymisert informasjon

O Avidentifisert informasjon. Forklar i sé fall hvordan kryssreferanseliste beskyttes dersom dette ikke erlikt som i pkt. 9.6:
Hvordan oversendes informasjonen?

O Parsonlig ovarevering

O CO =sendt med rekommandert post

O Registreres pa sikret web-side hos mottaker

O Legges ut pé sikret omréde for nedissting av mottaker

O Annet, ns=mere beskrivelze:




75

95 Lagringogbehandling av opplysninger

Hvordan lagres opplysningene ?
O Forskningsserverpa Ulleval
O Kusltetssikringsserwerps Ulleval
O Faorskningsserverpa Aker
O Forskningsserverps Rikshospitaket
& C:Forskning
O Forskemett
O MEDinsight
O Pa papir. Forklar hvordan dette sikres mot uvedkommenda:
O P& video, tape ellerannst opptak. Baskrv hvordan dette ersikret og om personen kan identfiseres:

O Annet (foreksempel andre virkksomheters nethwerk). Forklar

9.6 Gjenfinning av opplysningene

Hvordan gjenfinnes opplysningene? (Bruk sv direkte identifizering som fedzelznummer og newn skal forsekes unngat)

O Cpplysningene lagres med nawn, fedselsnummer eller annet som entydig angir detenkelte individ

E Cpphysningens lagres avidentfisert (ved bruk av krysslister, kodelister, lepenummer eller lignends)

Hvordan er krysslister/kodelister be skyttet/lagret® Forklar, P& papirpa innel&st kontor
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D. BRUK AVHUMANT BIOLOGISK MATERIALE

10 BIOBANK

Medferer prosjektet bruk av humant, biologisk maternsle? O J=

Dersom ja:

Benyttes enallerede eksisterends biobank? O Js
Hivis ja, angi

O tematisk forskningsbiobank (basert pé bredt samtykka) =

O spesifikk forskningsbiobank (basert pa samtykl= til et spesifikt prosjekt)
O gener=ll biobank (legemiddalselskap som answarshawends)

O disgnostisk biobank

O behandlingsbiobank

* O prosjektet skal benyite sag av materisle fra en tematisk forskningsbiobank ma dat
innhentes godkjenning fra prosjektleder sv denne (se pkt. E 13)

Mavn pa biobank:

Biobankragistemr.:
Orpprettes forskningsbiobanken som en ny spesfikk biobank? O Ja
Opprettes forskningsbiobanken som en ny tematisk biobank? Ol=
Ansvarshavende person for forskningsprogiektets biobank
[Helseforskningsloven § 26):
Forskningshbiobank=ns nawn:
Forskningsbiobank=ns innhold (vev, blod og lignende) og antallinkluderte:
Gjeres genetiske undersekelsarsom her disgnostiske, prediktive allar Old=
behandingsmessige konsekvenser fordeltakeren?
Ergenetizke opplysninger tenkt tilbekefer til detakeren? O Ja
Hvis Ja se pkt. E 12, ma veere godkjent hos avd. for Medisinsk genetikk

Angiplanlagt innsamlingsperiode og tidspunkt for oppher sv bionbanken:

Hwa skjermed biobankmaienalet:

O Materizlet oppbevares etter prosjekdsiutt, tilar
O Materislet destrueres fortlepende | prosjekiet
O Materislet destrueres ved prosjektavsiuining

[ Materalet fares tibake til eksisterende biobank

O Maternsalet overferes til annen biobank Hvilken:

O 5Skal biobankmatensle overferes tilannen instiusjon ? Hvilken:
O Skal biobenkmaterisle overferes til institusjon utenfor ELWE@S ? Hvilken:

Annet:

O Mei
O Mei

O Mei

11 RETTSLIG GRUNNLAG FOR BEHANDLING AV BIOBANKMATERIALE?

Skaldet innhentes skriftlig samtykke fra deninkiudar=?
O Js O Nei
Hivis nei, begrunn hvorforikke:

Skaldet innhentes skriftlig samtykke fra andre enn deninkluderta?
OJs 0O MNei

Hvis ja, fra hvem?

Hivis bam inkluderes, angialder

Skaldet sekes omunntsk fra samtykke?
OJa [OMei
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E. LOKAL FORANKRING

12 SAMARBEID FRA ANDRE AVDELINGER (interne/eksterne), BIOLOGISK MATERIALE OG
JOURNALINFORMAS.JON Dersomannen avdeling enn initierende forutsettes a bruke ressurser, ma avdelingsleder
(N3-niva) bekrefte at studien kan gjennomferes. Dette gjelder slik som a sende ut invitasjoner til detagelse, ha oversikt
over hvem som er inkludert, provetaking, oppslagi joumal for innhenting av Upplysmnger ogtid for samtalerfintervju.
Bade provetaking ogintervjuer griper inn i avdelingens rutiner og ansvar, og ma vasre godtatt.

Typesamarbeid fra angitt Typeog mengde biologisk Typejournalinformasjon Signatur avdelingsleder
avdeling materiale (elektronisk send fravedkommendes
e-post er tilstrekkelig)

-Bruk av Pasientregisteropplysninger
pasientregisteropplysninger fra
Medisinsk Genetisk Laboratorium

Bruk av kontorplass og konsultative
ressurserfra Avdeling for
forebyggende medisin, Lipidklinikken

13 VED BRUK AV EKSISTERENDE TEMATISK BIOBANK [ REGISTER SKAL DET FORELIGGE GODKJENNING
FRA PROSJEKTLEDER AV DENNE

Prosjektleder av tematisk biobank / register:

Dato:

Sykehusets styrende dokumenter for forskning erlest:

Sign. prosjektleder av tematisk biobank/ register
(elektronisk sendt fra vedkommendes e-post er tilstrekkelig)

14 PROSJEKTLEDER, AVDELINGSLEDER OG FORSKNINGSLEDER | KLINIKKEN

Prosjektleder Avdelingsleder [N3-niva) Forskningslederiklinikken
(ikke nedvendig ved kvalitetssikrng)
Dato: Godkjent dato: Godkjent dato:

Sykehusets styrende dokumenter for
forskning erlest :

Sign. prosjektleder Sign. avdelingsleder Sign. forskningsleder
(elektronisk sendt fra vedkommendes (elektronisk sendt fra vedkommendes e-poster (elektronisk sendt fra vedkommendes e-poster
e-post ertilstrekkelig) tilstrekkelig) tilstrekkelig)
; Avdelingsleder vurderer:
Styrende dokumenter for forskning og . Ensherawdelingenédeﬂan‘eds,ine Fursknlngsledervurderer

Eroppdraget medisinsk interessant?
. ) . . +  Etiske vurderingerved giennomfering
#  Etiske vurdenngerved giennomfering . Erdetpasientgmnnlagéause‘?

+  Haravdelingen ressursar’ . -
pasienter'medarbeiders nok? ' mdéﬁiﬁ%?&wgmng FEE EILET]

+  Ergkonomien tifredsstilende? i

+  Eroppdraget medisinsk interessant?

#+  Harstudien adekvat veiledning?

kvalitetssikring finnes i eHandboken pasienter?

Erdetfaglige opplegget tifredsstilende?
Erden faglige r&’ldghringen tifred sstillende?
+  Erstatistiver'epidemiolog kontaktet?

Utfylt skjema sendes til:
godkjenning@rikshospitalet no

Vedlegg - kryss av:

® PROTOKOLL

B PASIENTINFORMASJON / SAMTYKKEERKLAERING

O SP@RRESKJEMATINTERVJUGUIDE

OVED LEGEMIDDELSTUDIE - LEGG OGSAVED MELDESKJEMATIL SLV
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DEFINITION OF EXPECTED DEATH AGE

* folkehelseinstituttet

Forside > Helsestatistikk » Helsetilstanden i Norge

ABCDEFGHI J
KLMNOPQRST
UVWXYZEDA

Tema
Folkehelsestudier

Helsestatistikk
Stafistikkalender

Statistikkoversikt

Helsefilstanden i Norge

Norgeshelsa (utvalgt
statistikk)

Legemiddelstatistikk,
grossistbasert

Kommunehelsa

Registre

Forskning og data

E-baker

Kva er forventa og faktisk levealder

Publisert 07.02.2011 , Oppdatert: 08.02,2011, 16:30

Med uttrykket "forventa levealder ved fgdselen” spdr vi om framtida for dei som blir fedde i dag. Farst om mange tidr kan vi fd vite
faktisk levealder for eit drskull barn.

Forventa levealder er det talst p3 ar ein person kan vente & leve under gjeldande dodelegheitsfarhold, og er ein prognose for levealderen |
befolkninga. Oftast bruker vi t.d. berre uttrykket levealderen i 2005.

Dersom vi for eksempel @nskjer A vite forventa levealder for norske kvinner og menn i 2005, tar vi utgangspunkt i alderen pd dei som dade dret for
2004) og dei som ovarlevde 2005, D3 kan det reknast ut kor gammal ein qutt og i jente som blei fadde i 2005, vil bii i gjennomsnitt, Dette kallast
forventa gjenstaande levetid ved fodselen eller forvanta levealdar ved fadselen, ag er sin prognose for levealderan i befolkninga. Oftast bruker vi barre
uttrykket "levealderen i 2005". Statistisk sentralbyra gjer kvart &r slike utrekningar.

Farventa levealder kan ogsa reknast ut far ulike aldersgrupper eller for eit fylke, ein bydel eller ein kommune. Men innbygajartalet i det geografiske
omradet ma ha ein viss storleik for at utrekningane skal vere pilitelege,

Vi kan ogsa rekne ut kor lenge vi har igjen 4 leve pa ulike alderstrinn, for eksempel kar lenge ein 30- og 60-3ring kan forventa & leve for dei dayr.
Dette vert kalla forventa gjenstéande levetid for 30-ringar, 60-3ringar oq s vidare.

Faktisk levealder for ait drskull kan vi forst finne ndr alle i rskullet er dode. Vad dei noveranda dadelagheitsforholda vil det ta meir enn 100 an
derfor ma vi t.d. vente tl minst 2111 for 3 £3 vite den faktiske levealderen for dei som vart fadde i 2011,
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APPENDIX 5: PREVALENCE OF CVD DEATH IN THE GENERAL POPULATION
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APPENDIX 6: PREVALENCE OF CVD DEATH AMONG GENDERS IN THE GENERAL
POPULATION
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