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Summary 
Introduction and aims: Familial hypercholesterolemia (FH) is an autosomal dominant 

genetic disease, characterized by severely elevated LDL-cholesterol (LDL-C), accelerated 

atherosclerosis and premature cardiovascular disease (CVD). Early detection and initiation of 

lipid lowering treatment (LLT) is crucial to reduce the risk of premature CVD. Moreover, all 

modifiable CVD risk factors should be optimally treated to prevent further excess risk. The 

aim of this thesis is to describe the effects of aggressive LLT in an outpatient lipid clinic over 

an eight to ten years period. Specifically, we focus on lipid levels and other blood parameters, 

anthropometry, diet and lifestyle, and if the patients with CVD differs from patients without 

CVD regarding the mentioned factors above.  

Subjects and methods: In 2006, 357 adult heterozygous FH patients attended visit 1 (V1). 

Data on medical treatment, diet and lifestyle and preferences towards the treatment was 

collected through an ordinary medical examination, the patient’s journals and by three forms.  

Median one year after V1, visit 2 (V2) was conducted with 332 patients. In 2014, visit 3 (V3) 

part I was conducted with 64 patients, and during 2016 V3 part II was conducted with 92 

patients. Data on V2 and V3 was collected according to V1, with exception of the patient 

preference form that was not included at V2. First, we described the state at V3. Second, we 

compared the data at the three visits in order to investigate any changes and trends over time. 

Lastly, we have compared patients with and without CVD at V3 in order to generate 

hypothesis regarding premature CVD among FH-patients.   

Results: Total cholesterol (TC) and LDL-C improved from the pre-treatment levels to V1, 

and improved further from V1 to V3. Despite an aggressive LLT only 40% achieved an LDL-

C <2.5 mmol/L at V3. Further, only 6.3% of those with the more stringent LDL-C goal of 

<1.8 mmol/L reached it. An important finding was that a number of patients developed traits 

of metabolic syndrome with increased fasting glucose, HbA1c and triglycerides (TG), weight, 

body mass index and waist circumference during the study-period. Further, adverse effects of 

statin and/or colesevelam therapy were reported as a problem for at least 30% of the patients. 

Adverse effects were also a common reason for being off statin therapy among those 13 

patients who had stopped taking statin. When comparing the CVD group with the non-CVD 

group, we found significant differences in the risk factors age, male gender, pre-treatment TC, 

former smokers, waist circumference, TG, fasting glucose, HbA1c, and occurrence of 

metabolic syndrome. Also, patients with CVD were diagnosed with FH later in life. 
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Conclusion: Aggressive LLT in a highly specialized outpatient lipid clinic resulted in 

changes towards a more favorable cholesterol profile kept over a long time period of eight to 

ten years. Still, a larger part does not reach the treatment target. Further, we observed an 

unfavorable trend towards a more metabolic profile among the patients. When investigating if 

there were any differences between the patients with and without CVD, we found a higher 

proportion with metabolic syndrome and former smokers, and indication of a higher 

cholesterol burden due to late start of statin treatment among patients with CVD.  
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1 Introduction 

1.1 Cardiovascular disease  
Cardiovascular disease (CVD) is a collective term for diseases affecting the heart and 

circulatory system, including coronary heart disease (CHD) such as angina pectoris (AP) and 

myocardial infarction (MI), and others like stroke, aneurysms and peripheral vascular disease. 

Globally, CVD is the number one cause of death (1). Despite decreased CVD mortality in 

Europe, CVD remains the most common cause of deaths with responsibility for nearly half of 

all deaths (2). In Norway, the age-adjusted mortality rate for CVD has declined the last four 

decades (3), and has now become one of the lowest age-standardized mortality rates in the 

European countries (2). From 2000 to 2012 the mortality rate was almost halved among men 

and women. The incidence rate of acute MI (AMI) for all age groups combined decreased 

with 24% from 2001 to 2009 (3). Apparently, the reduced mortality and AMI incidence is 

attributed to better primary prevention and medical treatment of CVD (3). However, an 11% 

increase in hospitalizations rates for AMI among younger adults from 25 to 44 years of age 

was observed in the same period (3). Thus, CVD is still a major public health problem (4). 

CVDs can largely be prevented by managing risk factors like hyperlipidemia, diabetes 

mellitus (DM), hypertension and obesity with medical and lifestyle interventions. Early 

detection and management of risk factors is necessary to prevent early disease, especially 

among those at high risk (1). 

1.2 Lipoprotein metabolism and atherosclerosis  
The lipoprotein metabolism and the atherosclerotic process is rather complex, thus this gives 

only a brief introduction to these themes. Plasma lipoproteins contain mainly cholesteryl 

esters and triglycerides (TG), and are responsible for the delivery of lipids to cells and tissues. 

Different apolipoproteins (apo) are bounded to the particles surface, and the composition is 

characteristic of each lipoprotein class. Lipoproteins are classified based on their densities 

determined by the relative content of lipids and proteins. In ascending order of density they 

are chylomicrons (CM), very low-density lipoproteins (VLDL), intermediate density 

lipoproteins (IDL), low-density lipoproteins (LDL) and high-density lipoproteins (HDL) (5). 
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CM are large particles with one molecule of apoB-48, and are responsible for the transport of 

dietary cholesterol and fatty acids from the gut to the liver and peripheral tissues. The liver 

synthesizes TG and cholesterol, which along with intestinally derived lipids from CM are 

packed and secreted as VLDL (6). VLDL contains one molecule of apoB-100. CM and VLDL 

distribute energy to the peripheral tissues in the form of TG and fatty acids. In the circulation 

hydrolysation of TGs and fatty acids from CM and VLDL produces remnant particles like 

CM-remnants and IDL, respectively. CM-remnants are removed from the circulation by the 

liver, while IDL are subsequently converted to LDL, the predominant cholesterol-carrying 

particle. Thus, as VLDL, the LDL-particle also contains one single copy of apoB-100. LDL 

distributes cholesterol to peripheral cells, and is removed from the circulation by the LDL-

receptors (LDL-R) on the surface of the hepatocytes. The apoA1-containing HDL is formed 

in the circulation. It is responsible for the transport of excess cholesterol from peripheral 

tissue to the liver for degradation and/or excretion into the bile acids, a process termed reverse 

cholesterol transport. HDL-cholesterol (HDL-C) can be returned to the liver either by direct 

uptake or through exchange of cholesteryl esters for TG in apoB-containing lipoproteins 

followed by hepatic uptake of apoB-containing lipoproteins (5, 6).  

Atherosclerosis consists of several pathogenic events, and might eventually lead to CVDs. It 

is characterized by accumulation of lipids and fibrous elements followed by inflammation in 

the wall of large and medium-sized arteries (6). Endothelial dysfunction appears to be one of 

the first steps in the development of atherosclerosis. Damaged endothelium is more permeable 

to lipoproteins, especially LDL. Accumulation and modification, such as oxidation, of LDL in 

the sub-endothelial matrix recruits monocytes from the bloodstream into the arterial wall. 

Inside the arterial wall they differentiate to macrophages that ingests oxidized-LDL through 

the scavenger receptor leading to foam cell generation. Oxidized-LDL and activated 

macrophages stimulates the release of growth factors, cytokines and chemokines, which in 

turn attracts more monocytes and stimulates proliferation of intimal smooth muscle cells and 

fibroblasts (5). 

The earliest visible lesions are fatty streaks. Over several years the fatty streaks may grow 

into a mature plaque, which can rupture or occlude the arterial lumen leading to thrombosis 

with distal ischemia. The composition of the plaque is important for the stability and the 

clinical consequences. A stabile plaque, characterized by a thick fibrous cap, is unlikely to 

rupture but can lead to stenosis. In an unstable plague the fibrous cap is thinner, the lipid core 
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is larger and the inflammation is more severe. This kind of plague is vulnerable, with a greater 

potential for rupture leading to formation of a thrombus and distal ischemia (7). 

1.3 Familial hypercholesterolemia 
Familial hypercholesterolemia (FH), described by the pathologist Harbitz and the internist 

Müller in the 1930s, is the most common genetic cause of premature CHD (8, 9). It is 

characterized by a severe hypercholesterolemia present from birth, which leads to about a 20-

fold increased lifetime risk of CHD compared to the general population (10). Further, studies 

in the statin-era have shown that patients with FH still suffer from higher cardiovascular (CV) 

mortality than the general population (11, 12). 

 Genetics and pathophysiology 1.3.1

FH is an autosomal dominant disease, inherited in a heterozygous or homozygous form. It is 

caused by mutations in one of three genes encoding key proteins involved in the recycling 

pathways and functions of the LDL-R, resulting in severely elevated plasma levels of LDL-C 

and total cholesterol (TC) (9, 13). Patients with heterozygous FH (HeFH) have approximately 

a 50% reduction in function of the LDL-R (14, 15). If one parent has HeFH, there is a 50% 

chance of inheriting the gene mutation. Likewise, if both parents have HeFH there is in 

addition a 25% chance of inheriting both gene mutations and get homozygous FH (HoFH). 

Most commonly affected are the genes encoding the LDL-R, where over 1700 mutations of 

has been discovered (16). These mutations are loss-of-function mutations, and accounts for 

approximately 95% of FH-cases (17). A mutation in this gene results in failure to produce 

LDL-R or in a reduction in the LDL-R activity, and consecutively to a reduced hepatocellular 

uptake of LDL-C (9, 13). Some mutations have also been found in genes encoding ApoB-100 

and proprotein convertase subtilisin/kexin type 9 protein (PCSK9), but these are far less 

frequent than the LDL-R mutations (17, 18). ApoB-100 is required for the binding of LDL to 

the LDL-R. A mutation in this gene reduces the affinity for the LDL-R, and impedes the 

binding of the LDL, with reduced clearance of LDL-C in plasma. ApoB-100 mutations 

account for 2-5% of the FH-cases (17). The secreted protein PCSK9 is responsible for the 

degradation of LDL-R inside lysosomes in the liver cell (17). The PCSK9-mutations exist in 

two forms; one gain-of-function and one loss-of-function. The latter provides protection 

against atherosclerosis as it promotes clearance of LDL-C. In contrast, the gain-of-function 
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mutation decreases the number of LDL-R, and reduces the removal of plasma LDL-C. Less 

than 1% of FH-cases are caused by PCSK9 gain-of-function mutation (17).  

 Prevalence and clinical manifestations 1.3.2

In Norway the estimated prevalence of HeFH has generally been 1:300 (19). However, newer 

studies suggest a higher prevalence of 1:200 (20), implying that 25 000 people have HeFH. In 

comparison, only 7091 patients have genotyped FH at present, October 2016 (21), 

underscoring the fact that FH is severely underdiagnosed. HoFH is very rare, with an 

estimated prevalence of 1:1 000 000 (9). In Norway, 11 patients are diagnosed with HoFH 

(22), which is the double of what we could expect based on the prevalence and the population 

size (23). 

The primary characteristic of FH is the elevated TC and LDL-C, which can be discovered in 

early childhood. If left untreated, adult patients with HeFH most often have TC levels in the 

range of 8-15 mmol/L, while HoFH have TC levels in the range of 12-30 mmol/L. HDL-C 

and TG levels are usually unaffected, but can be altered by obesity and insulin resistance (9, 

10). In addition, physical manifestations of sustained elevations of LDL-C can become 

apparent with aging, and can be detected in early adulthood. These include tendon xanthomas, 

most common in the Achilles tendons, corneal arcus and xanthelasmas around the eyelids 

(13). Corneal arcus is only a sign of FH if present under 45 years of age. However, not all FH-

patients develop these physical signs, and absence of any of these is not exclusive of FH (10).  

Early development of CVD, such as atherosclerosis in coronary arteries and the proximal 

aorta, AP or MIs is typical for untreated or non-optimal treated FH-patients (13). If left 

untreated, CVD typically manifest in men and women with HeFH before age of 55 and 60 

years, respectively. For patients with HoFH the average age at onset of CVD is 20 years (9). 

Patients with FH also have a high burden of asymptomatic atherosclerosis. A cross-sectional 

study showed that asymptomatic FH-patients had a significantly higher median total calcium 

score than patients with non-anginal chest pain, even though these FH-patients were treated 

with statins for approximately 10 years (24). A meta-analysis of carotid intima-media 

thickness showed that children with FH had significantly higher intima-media thickness than 

controls (25). It has been reported that already from eight years of age, children with HeFH 

has significantly greater mean carotid intima-media thickness than unaffected siblings (26).  
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 Diagnosis of FH  1.3.3

A variety of diagnostic tools have been developed for clinically diagnosing FH, nevertheless a 

definite diagnosis can be achieved by genetic testing for the disease bearing mutations. In 

Europe the Dutch Lipid Clinic Network criteria (DLCN) (9) are mostly used (27). The DLCN 

is a set of criteria based on the patient’s family history of premature CVD in their first degree 

relatives, their own CVD history, their untreated LDL-C, physical signs of elevated 

cholesterol and gene test for the causative mutations. Based on the achieved score a definite, 

probable or a possible diagnosis is set.  

 Risk factors for cardiovascular disease 1.3.4

FH is a CV risk factor itself due to the lifelong exposure to elevated LDL-C. In addition, 

patients with FH are susceptible to the same CV risk factors as the general population (28, 

29). For FH-patients special importance should be given to limit all possible modifiable risk 

factors that confers an additionally CV risk, as the presence of one or more risk factors affects 

the cholesterol burden in a negative direction (9, 10).  

One of the purposes of the Treat-To-Target Familial Hypercholesterolemia (TTT-FH) study 

was to investigate the prevalence of the CV risk factors described in the INTERHEART 

study, a case-control study with 11 119 cases of AMI and 13 648 controls from 52 countries. 

Nine risk factors accounting for over 90% of the population attributable risk (PAR) for the 

first AMI were identified. PAR is the reduction in incidence of a disease if the exposure 

where eliminated. The risk factors were elevated apoB/apoA1-ratio (apoB/apoA1), current 

smoking, psychosocial factors, abdominal obesity, hypertension, irregular consumption of 

fruits and vegetables, DM, physical inactivity and no alcohol intake (30). These are 

modifiable risk factors with synergistic effect on the CVD risk, and will be further described 

briefly. Other non-modifiable risk factors like high lipoprotein little a (lp[a]), inflammation, 

increasing age, male gender and familial risk will also contribute to the overall risk (31).  

Elevated ApoB/ApoA1 

As explained in section 1.2, ApoB and ApoA1 are proteins on the lipoproteins surface. 

Therefore, ApoB- and ApoA1 levels can be used as surrogate markers for the number of 

atherogenic particles of LDL, VLDL and remnants and anti-atherogenic HDL, respectively. 

An elevated TC, LDL-C and reduced HDL-C, and consecutively an elevated ApoB/ApoA1 
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characterize a dyslipidemic lipid profile. In the INTERHEART study an elevated 

ApoB/ApoA1 accounted for 49.2% of the PAR, and showed a graded relationship with no 

evidence of a threshold (30). ApoB/ApoA1 was the strongest predictor of MI-risk in all ages 

(32). According to laboratory ranges ApoB should be <0.8 g/L. For patients at great CV risk, 

ApoB/apoA1 is recommended to be <0.7 (33). NonHDL-C is another marker of dyslipidemia, 

which estimates the total number of atherogenic particles in plasma, and relates well to the 

apoB levels. It is recommended to be less than 3.3 mmol/L and 2.6 mmol/L for those at high 

CV risk and very high CV risk, respectively (27). 

LDL-C 

LDL-C is the concentration of cholesterol carried in LDL-particles and constitutes the major 

part of TC. Evidence from epidemiological (34) and Mendelian randomization studies (35) 

consistently shows that increased concentration of LDL-C are associated with increased risk 

of CVD, CHD and CVD-mortality. This is supported by evidence from randomized controlled 

trials (RCTs) showing that reduction of LDL-C with statin therapy reduces the risk of CVD 

death in both secondary and primary prevention (36, 37).  

HDL-C 

Currently, HDL-C role in CVD is under debate. HDL-C is the cholesterol in the HDL-

particle, is inversely associated with CHD-risk in epidemiological studies (38, 39). The 

cardioprotective effect of HDL-C is proposed to be mediated through reverse cholesterol 

transport (40) as explained in section 1.2. However, Mendelian randomization studies have 

failed to support the causality of HDL-C observed in epidemiological studies, suggesting that 

HDL-C is more likely a predictor of CV risk rather than a causal factor (41, 42). Further, 

pharmacological increasing of HDL-C has not shown to have any beneficial effects on CVD 

(43). It has been suggested that a dysfunctional HDL may be more relevant than the HDL-C 

level (40, 44). 

TG 

The concentration of HDL-C and TG are inversely correlated, implicating that elevated TG 

might cause the increased CV risk instead of a low HDL-C. In a fasting state TGs mainly 

results from VLDL-particles (45). Mild-to-moderately elevated concentrations of TG, defined 

as 2-10 mmol/L according to Nordestgaard et al (45), are likely to induce atherosclerosis due 
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to the small size of the remnant particles carrying TG. This is not the case with highly 

elevated TG-concentrations (>50 mmol/L), where the particles are too large to accumulate in 

the arteries (45, 46). TGs have been shown to be an independent CV risk factor (47, 48). This 

is supported by genetic data (49, 50). 

Lp(a) 

Lp(a) is a lipoprotein containing a cholesterol rich LDL-particle, and one molecule of apoB-

100 covalently bound to apo(a). Epidemiologic and genetic studies supports that elevated 

Lp(a) is an independent and causal risk factor for CVD (51). A large meta-analysis 

demonstrated a continuous association of Lp(a) levels with the CHD-risk. Adjusted for other 

known risk factors, the CHD-risk was increased by 13% per 3.5-fold higher Lp(a)-level (52). 

The exact pathogenic mechanism is not completely understood, but structural homology with 

plasminogen and LDL gives Lp(a) pro-thrombotic and anti-fibrinolytic activity and the 

possibility to accelerate atherogenesis (51).  

Smoking 

In the INTERHEART study, current smoking accounted for 35.7% of the PAR, and was 

associated with a 3-fold increase in odds of non-fatal AMI compared to never smoking. A 

clear dose-response relation existed between the numbers of cigarettes smoked daily and the 

risk of AMI (53). Smoking cessation gave a progressively fall in the MI-risk depending on the 

number of years since cessation and number of cigarettes smoked per day. Among light 

smokers (<10 cigarettes a day) the excess risk disappeared after three years of quitting. 

Among heavy smokers (>20 cigarettes a day) the MI-risk was still raised after 20 years or 

more since quitting (53).  

Cigarette smoke contains several chemicals that may affect the atherosclerosis. Endothelial 

dysfunction and damage, increase and oxidation of pro-atherogenic lipids, decreased HDL-C, 

induction of inflammation and changes in the direction of a pro-coagulant state in the 

circulation, are thought to be the key-processes in smoking-induced atherogenesis (54-56). 

Psychosocial factors 

Psychosocial stress, measured as a model combining the degree of positive exposure to 

depression, perceived stress at home or work, low locus of control and major life events, 
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accounted for 28.8% of the PAR in the INTERHEART study (30). People who had 

experienced an AMI reported a significant higher prevalence of stress at work, stress at home, 

financial stress and stressful life events when compared to controls (57). Similar findings 

were reported after nine years follow-up in the Multiple Risk Intervention Trial. Those with 

three or more work stressors had a 26% increased risk of CV death (58). 

Social and psychological factors have an impact on atherosclerosis and the initiation of acute 

cardiac events (59). Chronic stress and depression stimulates the sympathetic nervous system 

and hypothalamic-pituitary-adrenal axis which can lead to multiple peripheral effects like 

insulin resistance, endothelial dysfunction, hypertension, inflammation, platelet activation and 

central obesity, which all in turn promote atherosclerosis (59) 

Abdominal obesity  

Abdominal obesity is defined as a waist circumference (WC) >102 cm for men and >88 cm 

for women (31, 60), and are superior to body mass index (BMI) in discriminating obesity 

related cardio metabolic risk (61). In the INTERHEART study, abdominal obesity measured 

by WC was strongly related to the first-time MI. The highest quintile had a 77% increased 

MI-risk compared to the lowest quintile. Compared to the lowest quintile, WC in the highest 

quintile accounted for 20.9% of the PAR (30). 

The accumulation of intra-abdominal fat exerts multiple metabolic effects by the excreting of 

adipokines and free fatty acids, leading to a an atherogenic and a pre-diabetic state (62). 

Additionally, abdominal obesity is associated with other CV risk factors like hypertension, 

dyslipidemia and DM (63, 64). Together these factors constitute the MetS; a cluster of risk 

factors reflecting metabolic abnormalities associated with CVD and DM type 2 (DMT2). 

Several different definitions of MetS exist, but all addresses the same risk factors. The 

National Cholesterol Education Program Adult Treatment Program (NCEP ATP) III (31) 

defines MetS as the presence of any three of the following five traits; WC ≥102 and 88 cm for 

men and women of European origin, respectively, TG ≥1.7 mmol/L or, HDL-C <1.0 mmol/L 

for men and 1.3 mmol/L for women, BP ≥130/85 mmHg, and fasting glucose ≥5.6 mmol/L or 

treatment for the latter four deviations. In the general population, MetS is associated with a 2-

fold increase in CVD-risk, and a 1.5-fold increase in risk of all-cause mortality (65). 
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Hypertension 

Hypertension is defined as systolic BP >140 mmHg or diastolic BP >90 mmHg, and is a 

major risk factor for CHD and stroke (66, 67). The INTERHEART study showed that 

hypertension accounted for 17.9% of the PAR, while the INTERSTROKE study found a PAR 

37.0% of stroke (30, 68). The risk of both CHD- and stroke-related mortality increases 

progressively and linearly with increasing BP from 115/75 mmHg throughout middle and 

older age (69). Hypertension affects the endothelium lining the blood vessels, leading to 

endothelial dysfunction and promoting of atherosclerosis (70).  

Consumption of fruit and vegetables  

High consumption of fruit and vegetables was found to be a protective factor against AMI in 

the INTERHEART study, while low consumption accounted for 12.9% of the PAR (30). The 

evidence of the protective effect on CVD mainly comes from observational studies (71).Wang 

et al (72) reported an average risk-reduction in the CVD-mortality of 4.0% for each additional 

serving of fruit and vegetables combined per day, 5.0% for each serving of fruit per day and 

4.0% for each serving of vegetables per day.  

The cardioprotective effect can partly be explained by that a higher intake results in 

displacement of unhealthy food containing saturated fat and added sugar. In addition, people 

who consume higher amounts of fruit and vegetables tend to have a healthier lifestyle than 

those who consume lower amounts. Further, fruit and vegetables contains a complex mixture 

of vitamins, minerals, trace elements, phytochemicals and fiber which act through a variety of 

mechanisms leading to reduced oxidative stress, improved plasma lipid profile, lowered BP, 

improved insulin sensitivity and improved regulation of hemostasis (73). This complex action 

may explain why no supplement with single antioxidants shows benefits in primary and 

secondary prevention RCTs (74-76). Some RCTs have found supplementation of single 

antioxidants to be harmful in secondary prevention (77, 78). 

Physical inactivity 

Lack of physical activity accounted for 12.2% of the PAR, while regular physical activity 

reduced the risk of AMI with 14.0% in the INTERHEART study. The beneficial effect was 

noted in both genders and in younger and older individuals (30, 79). Other epidemiological 

studies support this inverse relationship between physical activity and CV risk (80). 
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Physical activity can prevent and reduce the presence of many established CV risk factors, 

such as elevated BP and TGs, reduced HDL-C, insulin resistance and impaired glucose 

tolerance, obesity (81)  and inflammatory markers (82). Many of these effects are acute, and 

regular physical activity with moderate to high intensity should be emphasized (83).  

Physical activity is also important in the secondary prevention of CHD. A Cochrane Review 

found a 13% reduction in total mortality and 26% reduction in CHD-mortality in patients with 

CHD randomized to exercise-based rehabilitation. These findings were limited to studies with 

a follow-up of greater than 12 months (84). 

Diabetes Mellitus 

DM is an endocrine disease affecting the glycemic regulation. It can either be caused by an 

insufficient insulin production in the endocrine pancreas, giving rise to DM type 1 (DMT1), 

or by a lack of ability to utilize the insulin causing DMT2. The diagnosis is based on 

measurement of blood glucose levels. The onset of DMT1 is acute, and is not affected by the 

lifestyle and diet. On the other hand, the development of DMT2 is highly influenced by the 

lifestyle and diet, and may develop over several years. First sign of DMT2 is insulin 

resistance, a preliminary stage where glucose levels are elevated but not to a sufficient extent 

to meet the criteria of DM (85, 86). The prevalence of DMT2 is rising, particularly driven by 

an increase in modifiable risk factors like physical inactivity, overweight and obesity (87). 

Both DMT1 and DMT2 constitute an excess CV risk. The INTERHEART study found that 

DM contributed to 9.9% of the PAR. In a meta-analysis of 102 prospective studies, DM 

conferred about a 2-fold excess risk for CHD, major stroke subtypes and deaths due to other 

vascular causes, independently from other traditional risk factors. Fasting glucose levels was 

non-linearly related to the risk of CHD and ischemic stroke (88). Insulin resistance results in 

an increased lipolysis and delivery of free fatty acids from adipose tissue to the liver. This 

enhances the production of VLDL, and leads to an atherogenic lipid profile with elevated 

apoB-containing particles that drive atherosclerosis (89). Furthermore, patients with insulin 

resistance or DMT2 often have presence of other risk factors like hypertension, obesity and 

poor physical fitness that can contribute to the increased CV risk (90).  
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Alcohol consumption 

The association between alcohol consumption and CVD is complex. The INTERHEART 

study found that alcohol consumption the previous year before AMI, was associated with a 

risk reduction of 14.0%, but this was not apparent among individuals from South-Asia (91). 

Excessive alcohol consumption accounted for 6.7% of the PAR (30). Observational studies 

associates habitual light to moderate alcohol consumption (defined as 1 and 2 drinks per day 

for women and men, respectively) with a decreased risk for total mortality, CV outcomes and 

DM compared to both non- and heavy drinkers. This also applies to patients with established 

CVD (92). On the other hand, excessive alcohol consumption is associated with higher risk 

for CV outcomes and total mortality, in a dose-depended relationship. The association is 

illustrated by a J-shaped curve for all outcomes (92). The protective effect is thought to be 

mediated through an increase in levels of HDL-C, apoA1 and adiponectin, and a reduction in 

fibrinogen (93). However, a recent Mendelian study found that individuals with a genetic 

variant associated with non-drinking and lower alcohol consumption, had a more favorable 

CV risk profile and a reduced CHD-risk than those without the genetic variant. The associated 

cardioprotective effect of light to moderate drinking in prospective studies could be explained 

by an elevated CV risk due to poor health in non-drinkers or by confounding of lifestyle or 

social factors associated with light to moderate drinking (94). 

Inflammation  

Prospective studies have shown that markers of inflammation may be used to predict future 

CV events in healthy people and in patients with CVD, where C-reactive protein (CRP), an 

acute phase protein and sensitive non-specific inflammation marker, is one indicator (95). In 

the case of CVD, it is the low-grade systemic inflammation that constitutes the risk (96). A 

meta-analysis of 22 studies found that CRP levels >3 mg/L was independently associated with 

a 60% excess risk in incident CHD compared to levels <1 mg/L (95). However, Nordestgaard 

et al, suggests that elevated CRP most likely is a marker for the extent of atherosclerosis or 

for the inflammatory activity in atherosclerotic plaques (97) 

Age and gender  

The risk for CVD increases progressively with age. This is a reflection of the progressive 

accumulation of atherosclerosis and the cumulative exposure to atherogenic risk factors (31). 

In CV risk scores age is crucial in determining the risk for a coronary event (98). 
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Male gender contributes to the CHD risk; however the potential mechanisms are not fully 

understood (99). The Norwegian Cardiovascular Disease Registry shows that men are seven 

to ten years younger than women at their first MI (100). Although the difference in risk 

between men and women decreases after the age of 50 years, males still have a greater risk 

than women throughout life. However, if a woman smokes her MI-mortality is almost the 

same as for a non-smoking man with the same levels of TC and BP (101). 

 Treatment of FH 1.3.5

To reduce the excess CV risk, both lifestyle improvements and lipid lowering medication 

(LLM) are necessary. The main principle now is to reduce LDL-C to a lower value than in the 

general population. The treatment is life long, and is individualized based on the LDL-C 

levels and presence of CV risk factors (9, 10). As LDL-C has been elevated since birth and 

atherosclerosis begins at an early age, early initiation of the treatment is crucial (13, 25). Due 

to ethical reasons, no RCTs have evaluated the effect of LLM in FH-patients, thus evidence is 

based on RCTs with non-FH patients or observational studies with FH-patients (102)  

Treatment goals 

For FH-patients without any additional CV risk, LDL-C <2.5 mmol/L is recommended, while 

FH-patients with DM or manifested CHD are at very high risk, a more stringent target of 

LDL-C <1.8 mmol/L is recommended (27). All undertreated patients with FH above age of 40 

years should be considered to be at very high CV risk, as they have been exposed to elevated 

LDL-C for a long time. Accordingly, patients exposed to severely elevated LDL-C under age 

40 will also be at great CV risk (9). 

Lipid lowering medication   

Statins are the first-line therapy. In need of more aggressive treatment, commonly needed in 

FH, ezetimibe can be added. In some cases there is a need for a third LLM, most often a resin. 

In addition, novel therapy as PCSK9-inhibitors is heading out (9, 10).  

 

Statins 

Statins competitively inhibits 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase, the rate-

limiting enzyme in the biosynthesis of cholesterol, leading to an up-regulation of the LDL-R-
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synthesis and a greater uptake of LDL-C (103). Statins reduces LDL-C with 20-55% 

depended of type and dosage. Rosuvastatin is the most potent statin, followed by atorvastatin, 

simvastatin, lovastatin, pravastatin and fluvastatin. In addition, statins have a modest HDL-C 

rising and TG lowering effect of 5-10% and 20-40%, respectively (104). Furthermore, clinical 

trials have shown that statins can reduce CRP  

levels up to 60% (105). In some cases, if statins are not well tolerated, extracts of red yeast 

rice may be used as a low potent alternative. The active ingredient Monakolin K produced by 

fermentation of the rice is identical to lovastatin. 10.4 mg red yeast rice lowered LDL-C with 

1.02 mmol/L compared to placebo. However, safety around the use of read yeast rice has not 

been properly studied (106). 

For each 1 mmol/L reduction in LDL-C with statin treatment, the risk of major vascular 

events and coronary events is reduced by 21% and 24%, respectively (36). For patients with 

CHD, statin therapy delays the progression and induces regression of atherosclerotic lesions 

(107, 108). Compared with moderate statin treatment, intensive treatment shows a greater 

reduction in the atherosclerotic progression (109).  

Statin therapy is expected to be well tolerated by most patients. Most commonly reported 

adverse effects are symptoms of muscle toxicity like myopathy. Rhabdomyolysis has also 

been reported, a rare but serious adverse (110, 111). Further, there is an increased risk of 

transaminase elevations, but these are usually reversible after reduction of dose or termination 

of statin therapy (111). Statin therapy is also associated with an increased risk of DMT2 in 

non-diabetic individuals (112, 113). However, the benefit of statin treatment on CVD and 

mortality overweighs the increased risk of promoting DM in high-risk subjects (114). 

Ezetimibe 

Ezetimibe inhibits the absorption of dietary and biliary cholesterol in the small intestine. It is 

recommended as an additional LLM in a combination with a statin. As monotherapy, 

ezetimibe reduces LDL-C with 15-22% in hypercholesterolaemic patients (27, 115), and 

additional 15-20% in combination with a statin (116). Ezetimibe is only available in 10 mg, 

and is well tolerated both as monotherapy and in combination with statins (115).  

In the IMPROVE-IT trial dual LLM with ezetimibe and a statin reduced LDL-C and the risk 

of CV events to a greater extent compared to monotherapy with a statin after six years (117). 

Despite achieving a reduction in LDL-C, no regression in the CIMT was observed with 



14 
 

ezetimibe and simvastatin compared to simvastatin in patients with FH after two years in the 

ENHANCE-trial (118). 

Resins 

Resins are bile acid sequestrates, preventing reabsorption of bile acids in the terminal ileum, 

and thereby blocking the enterohepatic circulation. The liver becomes depleted of bile, and 

increases the synthesis from hepatic cholesterol. This results in a compensatory increase in 

LDL-R and increased uptake of LDL-C from the circulation, which in turn reduces LDL-C 

levels (119). Currently, the most used resin is colesevelam, with a maximal daily dose of 3750 

mg. It is often used in combination with a statin alone or a statin in addition to ezetimibe. 

Maximum doses lower LDL-C with approximately 20%. In combination with a statin, it gives 

an additive LDL-C lowering effect. HDL-C and TG levels are generally increased with 

treatment with colesevelam alone. In co administration with a statin the TG-increasing effect 

usually disappears, due to the TG-lowering effects of statins (119, 120).  

Resins reduce the incidence of CV events and the progression of atherosclerotic plaques 

(121). In general, colesevelam is well tolerated. The most commonly reported adverse effects 

are gastrointestinal like flatulence, constipation, dyspepsia and sometimes diarrhea (119).  

PCSK9-inhibitors 

PCSK9-inhibitors are a novel treatment. They act by reducing circulatory levels of PCSK9, 

leading to an increased lifetime of the LDL-R and thus a reduced LDL-C. Biweekly injections 

leads to a 50-60% reduction in LDL-C and a 7-8% increase in HDL-C (122). Compared to 

placebo, treatment with PCSK9-inhibitors reduces the odds of all-cause mortality and MI with 

55% and 51%, respectively (123). Currently, there are two types of PCSK9-inihibtors; 

evolocumab and alirocumab. 

PCSK9-inhibitors can be used in combination with other LLMs in FH-patients at high risk for 

and/or among those who do not reach the treatment targets with maximal tolerable dosage of 

statin and ezetimibe (124). However, recently the Norwegian Medicine Agencies stated that 

PCSK9-inhibitors was only cost efficient for patients with HoFH.  

Dietary and lifestyle recommendations 

No conclusions about the effectiveness of a cholesterol-lowering diet in reducing CHD in FH-

patients have been made due to lack of data, with exception of plant sterols and/or stanols 
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(125, 126). Plant sterols and stanols are components, found in small amounts in vegetable 

food, and compete with the cholesterol absorption in the intestine. Two gram of plant sterols 

daily lowers LDL-C with 8-10% (127). Nevertheless, dietary adjustments towards a 

cardioprotective diet are an important adjunctive treatment of FH (10, 27). The main principle 

is restriction of type and amount of fat (128), which can reduce LDL-C up to 30% (129). 

Replacing saturated fat with unsaturated fat reduces the occurrence of CVD (130, 131). An 

intake of 25-35 g total fat, <7% saturated fat and <1% trans-fat is recommended (128, 132, 

133). This can be achieved by choosing low fat dairy products daily, lean and fatty fish two to 

three times weekly, four to five handfuls of unsalted nuts weekly, using vegetable oils in 

cooking except palm- and coconut oils, use avocados, olives, mayonnaise or oil-based spreads 

and dressings, and limit the intake of fatty and processed meats (134, 135). Dietary 

cholesterol can increase cholesterol levels to a varying degree, and patients with FH are 

recommended to limit the intake of dietary cholesterol to 200 mg/day. Thus, the intake of egg 

yolks should be moderate (two in a weekly basis) and the intake of liver and food made of 

animal blood and roe should be limited (135). 

Further, it is recommended to have a intake of fiber greater than 25 g daily, as fiber has a 

hypocholesterolemic effect due to binding of bile acids in the gastrointestinal tract and 

preventing reabsorption from the terminal ileum (128, 136) This can be achieved by eating 

wholegrain products, legumes, five portions of fruit, vegetables and berries daily (137). 

The intake of certain foods should be limited. Sugar-sweetened beverages and foods are 

energy dense, and can contribute to an excessive intake of calories and weight gain, and thus 

affect cholesterol levels in a negative direction. Further, they also has a TG-increasing effect 

(134). Foods with a high sodium-content should be limited, as a high intake of sodium is 

associated with elevated BP (134). Patients are newer encouraged to consume alcohol. If 

elevated TG is presents, patients are advised to reduce the intake to a minimum or to abstain. 

Overweight or obese individuals should not exaggerate the alcohol consumption, due to a 

high caloric content that can contribute to an excessive energy intake (132).   

Many of the dietary recommendations above are achieved with the Mediterranean diet 

(MeDiet) (138). Already in the 1960s the Seven Countries Study associated the MeDiet with 

decreased CHD (139). Moreover, the MeDiet has shown beneficial effects in both primary 

and secondary prevention of CVD (140, 141). In the PREDIMED study, energy-unrestricted 

MeDiet supplemented with either extra-virgin olive oil or nuts resulted in a relative risk 
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reduction of 30% in major CV events among high-risk persons without CVD. In the Lyon 

Diet Heart Study the MeDiet lowered the rate of recurrent CVD with approximately 12% 

compared to the prudent Western diet (140). Several meta-analyses have confirmed the CV 

benefits of the MeDiet (138, 142). 

When it comes to lifestyle recommendations, FH-patients are recommended to be physical 

active for at least 150 minutes with a moderate intensity, or 75 minutes with high/vigorous 

intensity at a weekly basis. Increased amounts will provide further benefits. Sedentary 

behavior should be limited (137). Both endurance and resistance training with moderate to 

high intensity is beneficial (143, 144). Additionally, physical activity affects the energy 

expenditure and is crucial for the energy balance and weight control (145). If presence of 

obesity, a 5-10% weight loss have favorable effects on metabolic and CV risk factors, 

particularly BP, glucose control and dyslipidemia. It is associated with a 15% reduction in 

LDL-C, 20-30% reduction in TG and 8-10% increase in HDL-C (146). Smoking, both passive 

and active, is strongly discouraged (147). Help to smoking cessation should be offered to FH-

patients who smoke, and advice to children and young adults not to start smoking is important 

(9).  

1.4 Gaps in the knowledge about FH 
Although the effectiveness of LLMs are confirmed in non-FH patients with respect to hard 

outcomes like death and CVD, and extensive research shows the beneficial effects of a 

cardioprotective diet and lifestyle, there is sparse information about what is achievable in FH-

patients in terms of lipid levels, diet and lifestyle in a free living outpatient clinical setting in 

the statin-era before PCSK9-inhibitors were available. New data shows that CVD morbidity 

and mortality is still higher than in the general population despite treatment (11, 12). In order 

to sharpen the treatment of FH to withstand future CVD, it is important to know where the 

treatment has potential for improvement and what might are the main driving forces of the 

premature CVD. This study was implemented in the pre-PCSK9-era and could be considered 

as what we can achieve with our traditional aggressive lipid lowering treatment. This will be 

crucial for the future clinical use of PCKS9-inhibitors and their cost-effectiveness and future 

role in the treatment of FH.  
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2 Aim of the study 

2.1 Thesis rationale 
The TTT-FH study is a prospective study of the treatment of FH given at the Lipid Clinic, 

Rikshospitalet, Oslo University Hospital (OUS). This thesis aims to increase the number of 

participants and continue the observation of effects from aggressive lipid lowering treatment 

in an outpatient setting over eight to ten years, started in thesis by Marlene Thorvall (148). 

First, we describe the present state at visit 3 (V3) regarding lipids and other blood parameters, 

to what extent the patients achieves LDL-C treatment targets, medications, adverse effects, 

patients off statin therapy, dietary and lifestyle factors and how the patients values a low 

cholesterol level, adverse effects, lifestyle improvement and medications.. Second, we 

investigate if there have been any changes regarding lipids and blood parameters, 

achievement of LDL-C targets, dietary and lifestyle factors and the valuing of cholesterol 

levels, adverse effects, lifestyle improvement and medications. Last, we describe the 

occurrence of CVD prior to V3 and among deceased patients, and investigate if there were 

any differences between patients with and without CVD at V3, focusing on lipids and other 

blood parameters, medication, occurrence of comorbidities, dietary and lifestyle factors.  

2.2 Thesis objectives 
Specific objectives in this thesis are:  

1. Describe the FH-population at V3 regarding: 

a. Age at FH-diagnosis. 

b. Type and intensity of the LLM, use of antihypertensive and glucose lowering 

medication. 

c. Prevalence of adverse effects related to LLM.  

d. Describe the FH-patients off statin therapy regarding gender, reasons for not 

using statins, lipid values and CV events. 

e. Lipid levels and achievement of treatment targets. 

f. Levels of fasting glucose and HbA1c.  

g. Occurrence of abdominal obesity and metabolic syndrome (MetS). 

h. Diet and lifestyle factors like physical activity, smoking and alcohol intake. 
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i. Examine the patients preferences towards 

i. A healthy lifestyle relative to medical treatment. 

ii. As low cholesterol level as possible 

iii. A low cholesterol level relative to accepting having adverse effects. 

2. Measure changes from V1 to V3 resulting from aggressive lipid lowering treatment 

concerning: 

a. Lipid levels, fasting glucose and HbA1c.  

b. BMI, weight and WC. 

c. Diet and lifestyle factors like physical activity, smoking and alcohol intake. 

d. The patients preferences towards 

i. A healthy lifestyle relative to medical treatment. 

ii. As low cholesterol level as possible.  

iii. A low cholesterol level relative to accepting having adverse effects. 

3. Measure if there are differences between patients with and without CVD at V3, 

concerning:  

a. Age at FH-diagnosis and age at V3. 

b. Type and intensity of LLM, use of antihypertensive and glucose lowering 

medication 

c. Pre-treatment cholesterol levels and cholesterol levels and metabolic blood 

parameters at V3. 

d. BMI, weight and WC. 

e. Occurrence of abdominal obesity and metabolic syndrome. 

f. Diet and lifestyle factors like smoking, alcohol intake, and physical activity.  

2.3 Hypothesis 
We hypothesize that aggressive lipid lowering treatment over eight to ten years, results in a 

further reduction in cholesterol levels, favorable trends concerning diet and lifestyle, body 

weight, WC and glycemic control. Further, we hypothesize that patients with CVD at V3 has 

a higher burden of CV risk factors than patients free from CVD at V3.  
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3 Subjects and methods 

3.1 Implementation of the study 
From 9th of January 2006 to 9th of July 2006, 426 patients above 18 years, with definite, 

probably or possible FH verified by the DLCN (appendix 1) or genetic verified FH were 

consecutively invited to participate in the TTT-FH study. Genotyping was performed at the 

Department of Medical Genetics, OUS. The study was intended to be a quality assessment of 

the treatment at the Lipid Clinic, thus no approval by the Regional Ethical Committee for 

Medical Research was needed at that time. Patients who participated in other clinical trials 

were not invited to participate, as well as those who received LDL apheresis, were off LLM 

due to pregnancy, breastfeeding or other reasons, or were not able to fill out the 

questionnaires. Of the 426 invited patients, 357 agreed to attend visit 1 (V1). Of the excluded 

patients, 43 did not wish to or could not participate and 26 did not meet the inclusion criteria. 

Data were collected by three forms; the doctors’ form (appendix 2), SmD (appendix 3) and 

the patient’s preference form (appendix 4), which are further described in section 3.2.1. The 

doctors filled out the first form during the consultation, while the patients filled out the two 

latter upon arrival at the Lipid Clinic. Fasting blood samples were routinely drawn during two 

weeks prior to the consultation or shortly after, if missing. The doctor mostly measured 

anthropometric data during the consultation, but for a few patients these data are self-reported. 

Some patients had a separate consultation with a clinical dietician. Medical records was 

written and documented in the patient’s journals.  

Median one year after V1, Visit 2 (V2) was conducted. All patients included at V1 were 

routinely invited to a new consultation. 332 of the 357 patients continued in the study. Of the 

25 excluded patients, 13 did not wish to or could not participate, seven did not meet for the 

consultation and five did not meet the inclusion criteria. Data was collected by the same 

procedure as V1, except the patient’s preference form, which was not included. 

The first 100 patients were invited to V3 part I in the fall of 2014. Of these, two were dead 

and 78 were still registered as a patient at the Lipid Clinic. They were invited by ordinary 

paper mail. The 20 patients, who no longer were registered as a patient, were telephoned and 

invited to participate in the study. A total of 67 patients completed the consultations, and 64 

were included in the analysis. Of the 36 excluded patients, 25 did not wish to attend, could not 
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participate or was not reach, seven did not meet for the scheduled consultation and four did 

not meet the inclusions criteria. Data was collected by the same procedure as for V1 except 

for the SmD, which was reviewed and evaluated in a separate consultation with a master 

student in clinical nutrition. Results were published in May 2015 as the master thesis “Treat 

To Target Familial Hypercholesterolemia - A prospective study on effects from maximal high 

intensive treatment of FH patients during eight years” by Marlene Thorvall (148).  

The remaining 265 patients from V2 and 25 patients from V1 formed the basis for V3 part II. 

The invitation was based on the waiting list at the Lipid Clinic, where the patients scheduled 

for a consultation from 15th of March 2015 to 30th of May 2016 were invited to further 

participate upon arrival at the Lipid Clinic. In addition, 13 patients on the waiting list for the 

autumn of 2016 were invited by phone and offered an earlier consultation; of these three 

declined and four was not reached. A total of 92 patients were included. Of the 197 remaining 

patients, ten were dead, two did not show up, two did not meet the inclusion criteria, two was 

overlooked when they met to their routine consultation, 55 was on the waiting list for the 

second half of 2016, 2017 and 2018, 13 were participating in another projects, and 113 were 

no longer registered as a patient at the Lipid Clinic. Data was collected by the same procedure 

as for V3 part I with a new master student in clinical nutrition. 38 patients did not receive a 

consultation with the master student. Due to sampling errors 31 patients did not receive the 

patient’s preference form, and 12 patients answered the most recent reviewed version of SmD. 

In total 156 patients of the 357 patients from V1 completed V3. During the study-period of 

eight to ten years, the patients were scheduled for their annual consultations as FH-patients at 

the Lipid Clinic. Figure 1 shows the implementation of TTT-FH study. 

3.2 Materials 

 Data collection 3.2.1

At V1 and V2, all doctors at the Lipid Clinic participated in the data collection by following 

the same protocol. At V3 part I and part II, one doctor held the majority of the consultations 

together with a master student in clinical nutrition at each part. Between the two parts the 

master students coordinated themselves to ensure that the data collection occurred in the same 

way. An overview of a typical consultation is shown in Figure 2. Missing information in the 

forms was collected from the patient’s journal to the furthest extent. 
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Assay methods  

Most patients used a prefilled laboratory. Fasting blood samples were drawn and centrifuged 

within two hours of admission. The majority of the blood samples were analyzed at the 

Department of Medical Biochemistry, Rikshospitalet, OUS, but a few were analyzed at local 

laboratories. The following assay methods apply to the blood analyzed at the Department of 

Medical Biochemistry. Plasma (P)-TC and P-TG was measured with an enzymatic 

colorimetric assay, while P-LDL-C and P-HDL-C was measured with a homogeneous 

enzymatic colorimetric assay. P-CRP was measured by particle reinforced 

immunoturbidimetric assay and serum-glucose was measured enzymatic with hexokinase. All 

analyses were carried out on Cobes 8000, c702. ApoA1 and ApoB were measured by 

turbidometry on Cobas c501. The instruments, reagents and calibrator were delivered from 

Roche Diagnostics (Mannheim, Germany). All analyzes except LDL-C were accredited after 

International and European standard NS-EN ISO 15189. The laboratory results for TC, LDL-

C, HDL-C, TG, apoB, apoA1, CRP, fasting glucose and HbA1c at each visit were obtained 

from the journals. The master students calculated ApoB/apoA1 and nonHDL-C. Untreated TC 

and LDL-C was mostly collected from the admission documents from their general 

practitioner (GP), but some were also harvested from blood drawn at the Lipid Clinic at the 

first consultation. Friedewalds formula (149) was used to calculate LDL-C in those cases 

where only TC, HDL-C and TG were analyzed. Treatment targets for FH-patients are based 

on guidelines from the European Atherosclerosis Society (9).  

At V3 part II, BP was measured by a digital BP device of the brand Welch Allyn Vital 

Signs Monitor 300 series (Welch Allyn, USA), after the patients had lied down for five 

minutes. It was measured three times with three minute’s intervals. The last measurement was 

reported. At the other visits BP was measured with other, but calibrated digital BP devices.  

At V3, either the doctor or the master student measured anthropometric data with the same 

equipment. In addition to measure weight and height as a part of SmD, WC was measured and 

BMI calculated. Weight was measured by an electronic body weight, Soehnle 7720 SR 20 

2763 (Soehnle, Germany). The patients were weighed without shoes, belts and heavy 

jewellery and with light clothing. Height was measured by a stadiometer, Seca 222 (Seca, 

United Kingdom). The patients stood straight against the wall scale with heels touching the 

wall. BMI was calculated by dividing weight in kg by height in squared meters. WC was 
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measured with a non-stretchable tape over the unclothed abdomen in the middle between the 

lower rib and the upper part of the iliac crest, while the patient was standing and breathing 

calmly (150).  

Medication, adverse effects and potential endpoints 

The doctor’s form was developed in 2006 for this study. It was revised before V3 part II, in 

order to obtain information on the patient’s prior LLM and alterations in the treatment at V3. 

The doctor filled out most of the form during the consultation, but some information was 

obtained from the patient’s journals after the consultation.  

The form consists of five pages. The first page described type, intensity and duration of 

medications, possible adverse effects from the LLM used at V3, and if the doctor made some 

alterations in medication and any reasons to. Adverse effects were classified by the doctor as 

definite, probable or possible. An adverse effect was definite if it disappeared with 

discontinuation of the medication, and reoccurred with initiation of the medication. This 

retesting was often done several times over the years for different doses and statins, resulting 

in a definite impression of both the patient and the doctor of an adverse effect. An adverse 

effect was classified as probable if it was somewhat less certainty than above. If there was 

uncertainty about the relation of the adverse effect to the LLM, it was classified as possible. 

They were categorized based on which organ system they affected. Flatulence, diarrhea, 

constipation and stomach pains were categorized as gastrointestinal adverse effects. Adverse 

effects affecting skeleton muscles were muscle pain, muscle stiffness and asthenia. 

Neurological adverse effects were headache, wilt and numbness, while sexual problems were 

impaired erection. Malaise was classified as general adverse effects, and anxiety, nervousness 

and depression as psychological. Adverse effects giving dyssomnia and skin changes were 

classified as sleeping and skin problems, respectively. The second page dealt with any long 

interruptions in the LLM, when the patient first was listed as a patient at the Lipid Clinic, 

previous LLM, and whether the patient no longer was registered as a patient and reasons to. 

The date for the patient’s first-time appointment at the Lipid Clinic was used as a surrogate 

for when the patient was clinically diagnosed with FH. The third page addressed if there had 

been any adverse events since last visit. Page four was partly complementary to SmD and 

provided information about social status and lifestyle. The last page addressed if there had 

been any CV endpoints such as AMI, death, coronary revascularization procedure like 

coronary artery bypass grafting or percutaneous coronary intervention, documented AP, 
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hospitalization with primary diagnosis of congestive heart failure, cerebrovascular event, first 

diagnosis of peripheral vascular disease, hospitalized due to peripheral vascular disease, other 

non-CHD vascular events or death. In addition, other CV conditions of interest were 

registered. These were plaque in the carotid or surrounding arteries, carotid stenosis, aorta 

stenosis, aorta aneurysm and implantation of cardiac ventiles or pacemaker. In addition, 

pharmacological treatment for hypertension and DM was collected. The diagnosis of 

metabolic syndrome was based on both definitions from the International Diabetes Federation 

(IDF) (151) and NCEP ATP III (31). The IDF criteria requires the presence of WC >94 cm 

and >80 cm for men and women of Caucasian origin, respectively, in addition to any two of 

TG ≥1.7 mmol/L, HDL-C <1.0 mmol/L in males and <1.3 mmol/L in females, systolic BP 

>130 mmHg or diastolic BP >85 mmHg or antihypertensive treatment, FPG ≥5.6 mmol/L or 

treatment of DM. NCEP ATP III requires the presence of any three of WC ≥102 cm in males 

and ≥88 cm in females, HDL-C <1.0 mmol/L in males and <1.3 mmol/L in females, TG 

≥1.7mmol/L, BP ≥130 mmHg or diastolic BP ≥85 mmHg, FPG ≥5.6 mmol/L, or treatment for 

any of these deviations.  

Smart Diet  

Dietary and lifestyle data was collected by SmD, a questionnaire developed at the Lipid Clinic 

aiming to evaluate how cardioprotective the diet is. It has been used at the Lipid Clinic since 

2004 (152). It is easy to use, and gives the doctor or the clinical dietician a quick overview of 

the patients diet, and if there is any potential for improvements. It consists of two parts where 

one evaluates the cardioprotective potential of the diet and the other addresses the lifestyle. In 

the version from 2003, the dietary part consists of 15 scoring questions with three alternatives 

giving one to three points. The questions are both of qualitative and quantitative. Total score 

gives an impression of the overall diet, while the score on the individual questions indicates 

whether there is potential for improvements in that area. The lifestyle component consists of 

five non-scoring questions, which are open for subjective assessments. SmD is self-instructive 

and takes about ten minutes to complete (152). Due to an improved availability of different 

foods and the continuously development of new products, SmD has been revised two times 

for adjusting the food selection, the last time was in 2009. The third revision is in progress. In 

addition, the number of scoring questions has been adjusted. Therefor the total score in the 

different SmD-versions differs. SmD is validated for all ages (153).  
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We used the old 2003-version of SmD during the whole study period to be able to compare 

the results over time. That version has a maximum score of 45 points, categorized into three 

categories. A total score below 29 points is defined as a low score with “potential for 

improvements on several areas”, a total score between 30-37 points is a medium score with 

“potential for improvements on some areas”, and 38 points or higher is a high score indicates 

“healthy dietary habits”.  

The patients filled out SmD prior to the consultations in the waiting room. Afterwards, it was 

used as a template for a discussion with the doctor or the dietary counseling with a clinical 

dietician at V1 and V2. At V3, the master student evaluated the SmD and discussed the 

answers with all patients. Some patients filled out the 2009-version at V3 part II. In those 

cases, the 2003-versions were filled out together with the master student, using the 2009 

version as a template at V3. If the patient misunderstood the question or ticked wrong by a 

mistake, the master student corrected the answer in agreement with the patient. If the patient 

had ticked for more than one alternative, a mean score of was calculated. If missing answers, 

total score was not calculated. However, data may still be available from these patients 

regarding the SmD-categories if the missing value did not affect the score of the category. At 

V3 the master students recounted the total score from all available SmD-questionnaires from 

all earlier visits as a control.  

Even though the version from 2003 was initially used at all visits, there are some deviations 

from this. At V2, 83 patients had the 2003-version, 61 patients had the 2007-version and 12 

patients were missing SmD. At V3, 143 patients had the 2003-version, 12 patients had the 

2009-version and one missed SmD. 

To evaluate to which extent the patients had a cardioprotective diet, we made five categories 

out of the nine questions focusing on the food groups that form the basis of this diet; mainly 

low fat dairy products, lean meat and meat products, fish and fish products and fruit and 

vegetables. 

Four questions (number 1, 2, 4 and 5) described the use of dairy products, and formed the 

dietary category that summed up whether the milk, sour cream and other similar varieties, 

cheese and butter/margarine contained high, medium or a low amount of saturated and total 

fat. The maximum score was 12 points. Question 11 described the use of different types of fat 

in cooking. Some patients who ticked off for oils might use coconut oil, which has a high 
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content of saturated fat. We could therefore not assume that the patients who reported that 

they “used oils for cooking and frying” at V1 and V2 used oils containing mostly 

monounsaturated fatty acids. Thus, question 11 was left out. 

Question 6 and 9 described the choice of meat for dinner and cold cuts as lean, medium or 

fatty. These were added together and yielded a meat category with a maximum score of six 

points. The same applied to the fish category. Question 7 addressed how often the patient ate 

fish for dinner and question 10 how often the patients ate fish as cold cuts. The alternatives 

were quantified into “once a week or never”, “two times per week”, “three or more times per 

week” and “once a week or less”, “two to four times per week”, “five or more times per 

week”, respectively. The maximum score in the fish category was six points. 

Question 12 and 13 described number of units of fruit and vegetables eaten daily. One unit 

was defined as one handful or approximately 150 grams. Both questions categorized the 

answers into “one unit or less per day”, “two units per day” or “three or more units per day”, 

and had a maximum score of three points. In the SmD-versions from 2007 and 2009 the 

questions about fruit and vegetables was merged. In order to compare the intake of fruit and 

vegetables across the different SmD-versions, question 12 and 13 in the 2003-version was 

merged to one category with a maximum score of three points. The alternatives were similar 

to those in the newer SmD-versions; “less than twice units a day”, “two to four units a day” 

and “more than four units a day”.  “One unit or less per day” for both fruit and vegetable 

intake in the 2003-version corresponded to “less than twice units a day”. A combination of 

“one unit or less per day” and “two units per day” in the 2003-version corresponded to “two 

to four units a day”, the same did the combination of “two units per day” for both intake of 

fruit and vegetables and a combination of “three or more units per day” and “one unit or less 

per day”. A combination with “three or more units per day” and “two units per day” or “three 

or more units a day” in the 2003-version corresponded to “more than four units a day”.  

Based on number of cigarettes smoked daily, smoking was categorized into five categories; 

“don’t smoke”, “five or less”, “six to ten”, “eleven or more” or “party smoker”. In addition, 

we merged the four latter categories into “Yes, smoker”. Alcohol consumption was 

categorized into “never” or how many units of alcohol consumed per week; “less than one”, 

“one to seven”, “eight to fourteen” or “fifteen or more”. One unit was defined as 125 mL 

wine, 330 mL beer or four cL spirits. Physical activity was categorized into four categories 

based on the number of session’s à 30 minutes or more with exercise per week; “never”, “less 
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than one”, “once to twice” or “three or more”. In addition, physical activity was categorized 

by intensity; “high”, “moderate” or “combination of high and moderate”. Endurance training 

and high intensity resistance training was classified as high intensity, while resistance and 

brisk walking was classified as moderate intensity. Use of dietary supplements was classified 

into “none”, “cod-liver oil”, “omega-3 capsules”, “multivitamins” and “other”. In the “other”-

option, the patient could write what kind of dietary supplements that was used.  

Patient’s preference form 

The patient’s preference form is a non-validated questionnaire developed at the Lipid Clinic 

in 2006 for this study. It addressed to what extent the patients were satisfied with the 

treatment and follow-up offered at the Lipid Clinic and the patients attitudes towards different 

statements regarding living with FH. We choose to focus on the questions regarding diet, 

medication and adverse effects. The first statement is “I think that lifestyle improvements are 

equally important to the use of LLM”. The second is if the patient wishes “his or hers 

cholesterol level to be as low as possible”, and the third whether the patient “prefers to have 

little adverse effects from the medication rather than a low cholesterol level”. The evaluation 

of all statements was divided into an ordinal scale from “fully agree”, “partly agree”, neither 

agree nor disagree”, “partly disagree” to “fully disagree”.  

Ethics 

The participation was completely voluntary. At each visit the patients read and signed a 

written informed consent (appendix 5) at the waiting room prior to the consultations. The 

doctor or the master student aimed to clarify any uncertainty regarding the study during the 

visit. The consents are stored in a locked room at the Lipid Clinic, where only employees has 

access. The Regional Ethical Committee for Medical Research gave approval of the master 

thesis (appendix 6).  

3.3 Statistical analysis  
All statistical analysis was carried out by IBM SPSS version 22.0.0.0 (SPSS Inc, Chicago). 

To control for plotting errors we double-checked the variables continuously during the 

plotting process. In addition, we double-checked ten random selected variables subsequently 
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in each datasheet and ran descriptive analysis. Missing data was handled by giving it a blank 

cell in SPSS. In case of two values for the same variable, mean was calculated. 

We performed descriptive analysis of V3 and analytic analyses of the three visits. Continues 

variables were checked for normal distribution by inspection of histograms, normal Q-Q plots 

and detrended Q-Q-plots. If the continuous variables were normal distributed, mean (95% 

confidence interval [95% CI]) is presented. If the continuous variable were skewed median 

(25th -75th percentiles [25-75 p]) is presented. Categorical variables are presented as number 

of cases and percentages (%). In the analytic analysis, normal distributed continuous variables 

measured at the different visits were analyzed by a paired t-test to detect differences. If the 

distribution were skewed the nonparametric Wilcoxon Signed Ranks test were used. In both 

cases V1 was analyzed against V2, V2 against V3 and V1 against V3. For categorical 

variables, cross tabulation and frequency analysis was carried out. For detecting differences 

between two or three or more ordinal variables measured at the different visit, Wilcoxon 

Signed Ranks test was used. For detecting differences between two or three or more nominal 

variables measured at the different visit McNemars test or McNemar-Bowker test of 

symmetry was used, respectively. The analytic results are presented in three tables, were 

number of measured individuals differs due to different individuals are missing different 

variables at the three time-points. 

We also performed analytical comparisons of patients with and without CVD at V3. Normal 

distributed continuous variables were analyzed by an independent t-test for detecting 

differences, while skewed distributed continuous variables were analyzed with the 

nonparametric Mann-Whitney U test. For exploring the relationship between categorical 

variables in the group with CVD and the group without CVD, the Chi-square test for 

independence was used. In cases when the assumptions of chi-square were violated, Fisher’s 

exact two-tail probability test was used. If one of the categorical variables had more than two 

categories, p for trend was calculated. Missing values were handled by pairwise exclusion. 

We did not conduct Bonferroni adjustment for multiple testing since this thesis mainly are a 

descriptive analysis with explorative p-values. A p-value <0.05 was considered statistically 

significant.
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4 Results 

4.1 Description of the FH-population at V3 

 Clinical characterization 4.1.1

Clinical characterizations of the study population at V3 are summarized in table 1. The final 

sample consisted of 156 patients, whereas 51.3% were males. They were middle aged and 

most got their clinical FH-diagnosis in their adulthood. According to their mean BMI they 

were slightly overweight. The vast majority had a genetically verified FH-diagnosis.  

As shown in table 1, approximately one fourth and one third of the men and women, 

respectively, had a WC equivalent to abdominal obesity. Furthermore, around one third 

fulfilled the criteria of MetS set by NCEP ATP III. When using the definition set by the IDF a 

somewhat smaller proportion was defined as having MetS.  

Nearly all patients were on statin therapy (table 1). The vast majority was treated with a high 

intensity statin, while a smaller portion was treated with a moderate intensity statin. In 

addition, the vast majority used ezetimibe in combination with a statin, except for four 

patients. One fourth used triple medication with colesevelam in addition to both a statin and 

ezetimibe. One patient used colesevelam in combination with a statin but not ezetimibe. Very 

few where treated with high-dose omega-3 or PCSK9-inhibitors (table 1). As much as one 

fifth was treated with glucose lowering drugs for DM, and approximately half of the patients 

were treated with antihypertensive medication. For 80 of the patients (51.3%) the LLM was 

changed at V3. For those who did not get their LLM intensified to maximum dosage, the 

following reasons were stated; patients did not wish to change their medication (9.2%), the 

treatment target was believed to be reached (43.4%), adverse effects (17.1%), the doctor 

chooses to await (2.6%), the doctor decides not to change (9.2%) and the patients was already 

treated with maximum LLM (18.4%) (data not shown).  
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Table 1. Clinical characterization of the FH-patients at V3. 
Number of attending subjects at V3, n=156   
    na % 
Male 80 51.3 
Female 76 48.7 
    na Mean (95% CI) 
Age at V3, years 156 52.6 (50.6, 54.6) 
Age at FH-diagnosis, years 151 33.9 (31.5, 33.4) 
Height, cm     
  Men  80 179.5 (178.2, 180.9) 
  Women 76 167.7 (166.4, 169.0) 
Weight, kg     
  Men 80 89.3 (85.8, 92.9) 
  Women 76 75.3 (71.8, 78.8) 
Body mass index, kg/m2     
  Men 76 27.7 (26.6, 28.8) 
  Women 69 26.8 (25.5, 28.1) 
Waist, cm      
  Men 74 100.0 (96.9, 103.1) 
  Women 66 90.9 (87.5, 94.4) 
    na n (%) 
FH diagnosisb 156   
  Genetically verified    144 (92.3) 
  Clinical definite    5 (3.2) 
  Clinical probable    3 (1.0) 
  Clinical possible    4 (2.6) 
Cardiovascular risk factors 156   
  Abdominal obesityd     
     Men 74 26 (35.1) 
     Women 66 35 (53.0) 
  Metabolic syndrome defined by NCEP ATP III 155 47 (30.3) 
  Metabolic syndrome defined by the IDF 151 44 (29.1) 
Medicatione 156 143 (91.7) 
  High intensity statin therapy   120 (76.9) 
  Moderate intensity statin therapy   23 (14.7) 
  Hypocol    1 (0.6) 
  No statin therapy   13 (8.3) 
  Ezetimibe   123 (78.8) 
  Colesevelam   43 (27.6) 
  High dose omega-3   3 (1.9) 
  PCSK9-inhibitors   2 (1.3) 
  ≥2 lipid lowering medications   119 (76.3) 
  ≥3 lipid lowering medications   42 (26.9) 
  Glucose lowering medication   19 (12.2) 
  Antihypertensive medication   46 (29.5) 
Data are given as mean (95% CI) or number of patients (%).     
aIndicates total number of measured subjects.     
bVerified by genotyping at Department of Medical Genetics, OUS or the DLNC 
cAbdominal obesity is defined as a waist circumference >102 cm for men and >88 cm for women.  
dHigh intensity statin therapy: atorvastatin 40-80 mg, rosuvastatin 20-40 mg. Moderate intensity statin therapy: atorvastatin 
10-20 mg, rosuvastatin 5-10 mg, pravastatin 40-80 mg, simvastatin 20-40 mg, lovastatin 40 mg, fluvastatin 40 mg, pitvastatin 
2-4 mg. Hypocol is red yeast rice, a nature  preparate classified as a medical drug due to the small content of naturally 
occurring monakoliner. Ezetimibe dose was 10 mg used by 100%. Maximum colesevelam dose was 4375 mg, used by23.3%. 
≥2 lipid lowering medications: least a statin and ezetimibe, ≥3 lipid lowering medications: least a statin, ezetimibe and 
colesevelam. 
V3 Visit 3, FH Familial Hypercholesterolemia, NCEP ATP III National Cholesterol Education Program Adult Treatment 
Panel III, IDF International Diabetes Federation, PCSK9 proprotein subtilisin/kexin type 9, OUS Oslo University Hospital. 
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 Adverse effects 4.1.2

An overview of the adverse effects is presented in table 2. Adverse effects were only reported 

from current used medication at V3, and either statins or resins were mostly reported as the 

cause. Approximately one third of those treated with statins experienced adverse effects, 

which mostly was muscular complaints. Also, one third of the patients treated with 

colesevelam experienced adverse effects, where all were gastrointestinal complaints. Of those 

treated with PCSK9-inhibitors or high dose omega-3, no one reported adverse effects.  

Table 2. Adverse effects from lipid lowering medication used at V3.  

    Statins   Ezetimibe   Colesevelam 
  n % n % n % 
Number using the medication  144   123   40   
No adverse effects 96 66.7 122 99.2 28 70.0 
Adverse effecta 48 33.3 1 0.8 12 30.0 
Definite 9 6.3 - - 3 7.5 
Probable 28 19.4 1 0.8 8 20.0 
Possible 11 7.6 - - 1 2.5 
Type adverse effect             
Muscular 38 79.1 - -   - 
Gastrointestinal  6 12.5 1 100.0 12 100.0 
Neurological 3 6.3 - -   - 
Potency/sexual problems 1 2.1 - -   - 
Data are given as number (%).             
aDefinite: the adverse effect disappeared with discontinuation of the medication and 
reoccurred with initiation of the medication. Probable: somewhat less security than with the 
definite adverse effect. Possible: some uncertainty about the relation of the adverse effect to 
the lipid lowering medication.                

Two patients used high dose omega-3 and two patients used PCSK9-inhibitors,   
whereas no one reported adverse effects.         
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 Patients off statin therapy 4.1.3

13 patients (8.3%) were off statin therapy and for eight of them adverse events or scepsism 

toward statins were reported as reasons for not using statins. Characterization of these patients 

is presented in table 3. Their TC ranged from 5.2 to 12.0 mmol/L. Accordingly, LDL-C 

ranged from 2.9 to 9.4 mmol/L and none of the patients reached the LDL-C treatment target. 

Only three patients (23.1%) were men. Four patients (2.6%) used ezetimibe as monotherapy 

and one patient (0.6%) used hypocol. Three patients had established CVD. Two patients had 

hypothyroidism, and were treated with thyroid hormones. One of them was also rheumatic, 

which increases the CV risk (154, 155).   

Table 3. Characterization of the 13 patients off statin therapy at V3.  
  Gender Lipid lowering TC,  LDL-C,  CVD Other  Reason for not using statins 

    medication mmol/L mmol/L   diseases   

P1 F - 10.5 7.2 - - 
Adverse effects of statins, 
prefers herbal medicine. 

P2 F - 9.6 7.2 AP, PCI  HT Adverse effects of statins. 

P3 F - 7.6 6.0 - - 
Not restarted statin after 
pregnancy/breastfeeding. 

P4 F - 6.8 5.2 MI, AP - Adverse effects of statins. 

P5 M - 12.0 9.4 - - 

Skeptical towards 
medication, prefers herbal 
medicine. 

P6 F - 9.3 6.8 - - Adverse effects of statins. 

P7 F - 6.2 4.8 - - 
Not restarted statin after 
pregnancy/breastfeeding. 

P8 F - 10.4 8.2 - - Anexiety of adverse effects. 

P9 F - 6.5 5.0 - - 
Not renewed the 
prescription.  

P10 M Ezetimbe 10.4 8.6 - - 
Non-compliance, a long 
break from the treatment. 

P11 F Ezetimbe 10.0 6.3 - HT, RD Adverse effects of statins. 

P12 M Ezetimbe 7.0 5.5 - - 
Not renewed the 
prescription.  

P13 F Hypocola 5.2 2.9 AF - Adverse effects of statins. 
aHypocol is red yeast rice, a nature preparate classified as a medical drug due to the small content of naturally 
occurring monakoliner. 
V3 Visit 3, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, P patient, CVD cardiovascular 
disease, F Female, M Male, AP angina pectoris, PCI percutaneous coronary intervention, MI myocardial 
infarction, AF atrial  fibrillation, HT Hypothyroidism, RD Rheumatic disease. 
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 Blood parameters 4.1.4

Pre-treatment values of TC and LDL-C were very high, as shown in table 4. Since the patients 

had been exposed to an elevated LDL-C since birth, and many were diagnosed late in life, 

they should be considered to be at very high CV risk.  

Table 4. Untreated total cholesterol and LDL-cholesterol. 
  Lipoprotein levels 
  na Mean (95% CI) 
TC, mmol/L 150 9.8 (9.5, 10.2) 
LDL-C, mmol/L 107 7.3 (6.9, 7.7) 
Data are given as mean (95%CI).   
aIndicates total number of measured subjects. 
CI confidence interval, TC total cholesterol, LDL-C Low-density 
lipoprotein cholesterol 
 

Mean levels of TC, LDL-C, HDL-C and TG are shown in table 5. LDL-C lied above the 

recommended level of LDL-C <2.5 mmol/L. As for LDL-C, nonHDL-C was also elevated. 

Levels of, ApoA1 and ApoB/ApoA1 were within the recommendations, while ApoB was 

somewhat elevated. Fasting levels of glucose and HbA1c was slightly elevated and just within 

the criteria of prediabetes (85). 
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Table 5. Blood parameters and blood pressure V3. 
Number of attending subjects at V3, n=156     
  na   
TC, mmol/L 156 5.1 (4.9, 5.4) 
LDL, mmol/L 156 3.2 (3.0, 3.4) 
HDL, mmol/L 156 1.4 (1.4, 1.5) 
TG, mmol/L 155 1.2 (1.1, 1.2) 
ApoA1, g/L 155 1.5 (1.5, 1.6) 
ApoB, g/L 155 1.1 (1.0, 1.1) 
ApoB/ApoA1 155 0.7 (0.7, 0.8) 
NonHDL-C, mmol/L 156 3.7 (3.5, 3.9) 
Glucose, mmol/L 155 5.7 (5.4, 5.9) 
HbA1c, % 140 5.8 (5.6, 5.9) 
CRP, mg/L¶ 154 0.7 (0.6-1.5) 
Systolic BP, mmHg 141 128.2 (126.1, 130.2) 
Diastolic BP, mmHg 141 76.9 (75.4, 78.4) 
Data are given as mean (95% CI) with exception of ¶CRP where median (25-75 percentiles) are 
given. 
aIndicates total number of measured subjects.   
Blood was drawn in a fasting state.     
V3 visit 3, CI confidence interval, TC total cholesterol, LDL-C Low-density lipoprotein cholesterol, 
HDL-C High-density lipoprotein cholesterol, TG triglycerides, ApoA1 apolipoprotein A1, ApoB 
Apolipoprotein B, CRP C-reactive protein, BP Blood pressure. 
 

As displayed in table 6, nearly 40% met the treatment target of LDL-C <2.5 mmol/L. Only 

five patients (6.3%) of the 79 patients at very high CV risk (established CVD and DM, FH-

diagnosis after the age of 40) met the treatment target of LDL-C <1.8 mmol/L, in spite of 

aggressive lipid lowering treatment. Of these, one was treated with PCSK9-inhibitors, a high 

intensity statin and ezetimibe, one with maximal LLM, two with a high intensity statin and 

ezetimibe, and one with a moderate intensity statin. Further, these patients had SmD-scores in 

the top or highest part of the middle category at V3, and all was physical active at least three 

times a week. One had obesity, one was overweight and the reaming was normal weight. Only 

one of these patients was a woman, and all was diagnosed with FH above the age of 40. At 

V3 all patients was above 60 years of age. Pre-treatment TC levels were around 7 mmol/L for 

three patients and above 10 mmol/L for one patient. One patient had unknown pre-treatment 

cholesterol levels (data not shown).  

A significantly greater proportion at a p=0.03 of patients with an LDL-C <2.5 mmol/L was 

treated with a high intensity statin (45%) than patients with a LDL-C >2.5 mmol/L (22%) 
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(data not shown). There were also several patients with two or more LLM (50%) that had 

LDL <2.5mmol/L compared to patients with one or none LLM (33%) (p=0.013, data not 

shown). No difference in the intensity of the statin therapy among those who met and did not 

meet the target of an LDL-C <1.8 mmol/L was observed. This was also the case regarding 

treatment with two or more LLMs (data not shown).  

Table 6. Number of patients achieving the treatment targets at V3. 
Number of attending subjects at V3, n=156   
    na n (%) 
LDL <2.5 mmol/Lb 156 62 (39.7) 
LDL <1.8 mmol/Lb,c 79 5 (6.3) 
  without PCSK9-inhibitors 79 4 (5.1) 
Data are given as number (%).      
aIndicates number of patients the target applies to.    
bTargets are according to the guidelines from the European Atherosclerosis Society 
cApplies to patients with CVD, DM or diagnosed later than 40 years of age. 
V3 visit 3, LDL-C low-density lipoprotein cholesterol, PCSK9 proprotein subtilisin/kexin type 9.  

 Dietary and lifestyle factors 4.1.5

Dietary factors 

The results from SmD are presented in table 7. As the SmD-score indicates, the patients had a 

relatively cardioprotective diet. This is confirmed by the distribution of the patients in the 

three SmD-categories. Only a few patients had a SmD-score corresponding to the lowest 

category.  

We evaluated SmD-subgroups of different foods. Overall, the patients had a diet consistent 

with our recommendations. They chose mainly low-fat dairy products, where most patients 

used skimmed milk, plant-based margarine and rarely used cream and similar products. 

However, in terms of cheese a number of patients used whole- and half-fat varieties instead of 

the leanest alternatives (data not shown). They achieved good SmD-scores on meat, were the 

main part of the patients used low fat meat for dinner and as cold cuts, but the SmD-scores on 

fish were less impressive. Based on the practical experience from the dietary consultation, the 

impression is that most patients eat fish for dinner and as sandwich filling two to four times a 

week. Most of the patients had a lower intake of fruit and vegetables than recommended, and 

no more than one third had a daily intake of four portions or more. 
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Evaluation of the intake of fruit and vegetables separately revealed some distortions. 30.5% 

and 33.3% had a daily intake of less than one portion of vegetables and fruit, respectively. 

This does not match the result from the category with fruit and vegetables together, where 

only 9.2% had an intake of less than two portions a day. 

Over half of the patients used dietary supplements on a regular basis. Omega-3 capsules and 

cod liver oil was mostly used, while a minority used multivitamins and other supplements like 

B-vitamins, arginine and different antioxidants (data not shown).  

Lifestyle factors 

An overview over smoking, alcohol consumption and physical activity is shown in table 8. 

The majority of the patients did not smoke. Of those who were smokers, 10.3% were regular 

smokers, while the remaining 3.9% was period smokers, preferably at parties. Approximately 

40% were former smokers.  

A small percentage reported not to consume alcohol. Of those drinking alcohol, most had a 

moderate intake. 

Half of the FH-population was physical active at least 30 minutes three times a week.  

Approximately 17% reported to never be physical active. Of those being physical active the 

majority exercised with moderate intensity or a mix between moderate and high intensity. 
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Table 7. Description of dietary results from Smart Diet at V3.  
Number of attending subjects at V3, n=156 
    na   
SmD score, p§ 140 36.4 (35.9, 37.0) 
SmD catecoryǂ 153   
  1 (<30 p)   4 (2.6) 
  2 (30-37 p)   86 (56.2) 
  3 (>38 p)   63 (41.2) 
SmD subgroups     
  Dairy (4-12 p)§ 153 10.0 (9.8, 10.3) 
  Meat (3-6 p)¶ 153 6.0 (3.0-6.0) 
  Fish (3-6 p)§ 153 4.0 (3.8, 4.2) 
  Fruit and vegetables (1-3 p)§ 153 2.2 (2.1, 2.3) 
    1 (<2 portions/day)ǂ   14 (9.2) 
    2 (2-4 portions/day)ǂ   92 (60.1) 
    3 (>4 portions/day)ǂ   47 (30.7) 
  Vegetables (1-3 p)§ 141 1.9 (1.8, 2.0) 
    1 (<1 portions/day)ǂ   42 (30.5) 
    2 (1-2 portions/day)ǂ   69 (48.9) 
    3 (>3 portions/day)ǂ   3 (20.6) 
  Fruit (1-3 p)§ 141 1.9 (1.8, 2.0) 
    1 (<1 portions/day)ǂ   47 (33.3) 
    2 (1-2 portions/day)ǂ   60 (42.5) 
    3 (>3 portions/day)ǂ   34 (24.1) 
  Dietary supplementsǂ 147   
    None   55 (37.4) 
    Cod-liver oil   36 (24.5) 
    ὠ-3 capsules   43 (29.3) 
    Multivitamins   20 (13.6) 
    Other   28 (19.0) 
Data are given as §mean (95% CI), ¶median (25-75 percentiles) or ǂnumber (%). 
aIndicates total number of measured subjects.     
V3 visit 3, SmD Smart Diet, p points, CI Confidence interval 
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Table 8. Description of lifestyle results from Smart Diet at V3. 
Number of attending subjects at V3, n=156   
    na   
Smoking 155   
No   133 (85.8) 
Yes, number of sigarettes   22 (14.2) 
  ≤5   6 (3.9) 
  6-10   9 (5.8) 
  ≥11   1 (0.6) 
  Party smoker   6 (3.9) 

Former smoker, years§ 62 17.5 (14.3, 20.7) 
Former smoker, number of cigarettes/day§ 48 12.0 (9.7, 14.2) 
Alcohol consumption, units a weekǂ b 155   
0     23 (14.8) 
<1   45 (29.0) 
1-7   76 (48.7) 
8-14   11 (7.1) 
≥15   0 (0.0) 

Physical activity, sessions >30 min a weekǂ 156   
Never   5 (3.2) 
<1   22 (14.1) 
1-2   49 (31.4) 
≥3   80 (51.3) 

Intensity of physical activityǂc 141   
High    11 (7.8) 
Moderate   82 (58.2) 
Mixed   44 (31.2) 
Data are given as mean (95% CI) or number (%).     
aIndicates total number of measured subjects.     
bOne unit is defined as 125 mL wine, 330 mL beer or 4 cL spirits. 
cA high intensity of physical activity is equal to endurance training, a moderate intensity is equal to 
brisk walking and resistance training, a mixed intensity is a mixture of endurance and resistance training. 
V3 visit 3, SD Smart Diet, CI Confidence interval     
 

 Patients preferences concerning the treatment 4.1.6

Figure 3a, 3b and 3c shows how the patients value the statements “a healthy lifestyle is as 

important as medicines”, “I want as low cholesterol level as possible” and “I prefer to have 

little adverse effects rather than a low cholesterol level”. The majority of the patients valued 

the first two statements equally, while the last statement showed a more scattered valuation.  
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Figure 3a. Overview over how the FH-patients values the statement "I consider a healthy 
lifestyle as important as medical treatment" at V3. 

 aIndicates total number of measured subjects 

 

Figure 3b. Overview over how the FH-patients values the statement "I want as low 
cholesterol level as possible" at V3. 

aIndicates total number of measured subjects. 
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Figure 3c. Overview over how the FH-population values the statement "A low cholesterol is 
more important than not having adverse effects"b at V3. 
aIndicates total number of measured subjects. 
bOriginal statement: I prefer to have little adverse effects rather than low cholesterol 

4.2 Changes in CV risk factors during eight to ten 
years 

 Anthropometric data 4.2.1

During the study period, both men and women gained weight. Consequently, we found a 

significant increase in BMI for both genders, and during the whole study period they were 

classified as overweight. WC was only significant increased among men. These results are 

presented in table 9a, 9b and 9c.  
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Table 9a. Comparisons of anthropometric data of the subjects at V1 and V2. 
    V1 V2   
Number of attending subjects         n=156 n=147 P-value 
    na Mean (95% CI) na Mean (95% CI)   
Weight, kg           
  Men 61 88.4 (84.7, 92.1) 61 90.1 (86.1, 94.1) 0.001* 
  Women 61 72.5 (68.9, 76.2) 61 74.5 (70.1, 78.2) 0.002* 
BMI, kg/m2 b           
  Men 61 27.6 (26.5, 28.7) 61 28.1 (26.9, 29.3) 0.001* 
  Women 61 25.8 (24.6, 27.1) 61 26.6 (25.3, 27.8) 0.002* 
Waist, cm           
  Men 15 96.7 (91.5, 101.9) 15 98.9 (93.0, 104.8) 0.149 
  Women 21 90.6 (84.5, 96.6) 21 92.9 (87.3, 98.5) 0.196 
Table 9b. Comparisons of anthropometric data of the subjects at V2 and V3. 
    V2 V3   
Number of attending subjects         n=156 n=147 P-value 
    na Mean (95% CI) na Mean (95% CI)   
Weight, kg           
  Men 72 88.7 (85.1, 92.4) 72 90.2 (86.3, 94.0) 0.156 
  Women 66 74.2 (70.6, 77.7) 66 74.9 (71.4, 78.4) 0.483 
BMI, kg/m2 b           
  Men 72 27.6 (26.5, 28.7) 72 28.1 (26.9, 29.3) 0.145 
  Women 66 26.4 (25.2, 27.7) 66 26.7 (25.5, 27.9) 0.500 
Waist, cm           
  Men 51 97.0 (93.5, 100.4) 51 100.8 (97.4, 104.2) 0.003* 
  Women 42 91.9 (87.8, 96.0) 42 92.2 (87.8, 96.6) 0.866 
Table 9c. Comparisons of anthropometric data of the subjects at V1 and V3. 
    V1 V3   
Number of attending subjects         n=156 n=156 P-value 
    na Mean (95% CI) na Mean (95% CI)   
Weight, kg           
  Men 68 87.9 (84.5, 91.2) 68 91.0 (87.2, 94.9) 0.006* 
  Women 67 72.1 (68.7, 75.5) 67 74.9 (71.5, 78.4) 0.006* 
BMI, kg/m2 b           
  Men 68 27.3 (26.3, 28.3) 68 28.3 (27.1, 29.5) 0.006* 
  Women 67 25.7 (24.5, 26.8) 67 26.7 (25.5, 27.9) 0.007* 
Waist, cm           
  Men 22 97.5 (92.2, 102.7) 22 103.9 (95.8, 112.1) 0.001* 
  Women 20 90.8 (84.7, 96.9) 20 94.4 (88.1, 100.7) 0.183 
Data are given as mean (95% CI).  
aIndicates total number of measured subjects.       
bHeight measured on V3 was used for calculation of BMI on all visits.   
V1 Visit 1, V2 Visit 2, V3 Visit 3, CI Confidence interval, BMI Body mass index.   
For calculation of p-values, paired t-test was used.       
*Significant change at p<0.05         
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 Blood parameters 4.2.2

Changes in pre-treatment levels of TC and LDL-C to V1 are shown in table 10. Comparisons 

of blood parameters between V1 and V2, V2 and V3 and V1 and V3 are shown in table 11a, 

11b and 11c, respectively.  

Despite the increased body weight, mean TC decreased from V1 (table 10) to V2 and V3. TC 

kept decreasing during the whole study period. The same improving trend was observed for 

LDL-C as for TC, but with an even stronger reduction and from V1 to V3 LDL-C was 

reduced with mean 0.6 mmoL/L (table 11a, b and c). The number of patients with LDL-C 

<2.5 mmol/L was significantly increased with 33.3% from V1 to V3 at p<0.005 (data not 

shown). Due to changes in the secondary treatment target during the study period, changes in 

the number who had an LDL-C <1.8 from V1 to V3 was not evaluated.   

Table 10. Changes in pre-treatment levels of total cholesterol and LDL-cholesterol to V1. 
  Pre-treatment V1       
Number of 
attending subjects n=156 n=156     P-value 

  na 
Mean 

 (95% CI) na 
Mean  

(95% CI) 
Mean change 

(95% CI) 
Percent 
change   

TC, mmol/L 149 9.8 (9.5, 10.2) 149 5.6 (5.4, 5.8) -4.2 (-4.6, -3.8) -42.9% 
<0.005

* 

LDL-C, mmol/L 106 7.3 (6.9, 7.7) 106 3.8 (3.6,4.1) -3.4 (-3.9, -3.0) -47.9% 
<0.005

* 
Data are given as mean (95% CI) or percent reduction. 
aIndicates total number of measured subjects.           
V1 visit 1, CI confidence interval, TC total cholesterol, LDL-C Low-density lipoprotein cholesterol. 
For calculation of p-values, paired t-test was used. 
*Significant change at p<0.05           
 

HDL-C showed a small significant decline from V1 to V2; however it was significantly 

increased in the same manner from V2 to V3. TG showed an unfavorable trend, by increasing 

during the study period. 

NonHDL-C followed similar development as TC and LDL-C, and was significantly reduced 

during the study period. Both ApoB and ApoA1 increased, and therefore no difference was 

observed in ApoB/ApoA1.   

Glucose and HbA1c increased with 11.7% and 7.4% from V1 to V3, respectively. CRP was 

low during the whole study period. At all visits median value was 1.0 mg/L or lower. 
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Table 11a. Comparisons of blood parameters and blood pressure at V1 and V2     
  V1 V2 P-value   
Number of attending subjects n=156 n=147 V1-V2   
  na Mean (95% CI) na Mean (95% CI)     
TC, mmol/L 145 5.6 (5.4, 5.8) 145 5.3 (5.0, 5.5) 0.002*   
LDL, mmol/L 144 3.8 (3.6, 4.0) 144 3.5 (3.3, 3.7) 0.001*   
HDL, mmol/L 145 1.4 (1.3, 1.4) 145 1.3 (1.3, 1.4) 0.024*   
TG, mmol/L 141 1.0 (0.9, 1.1) 141 1.0 (0.9, 1.1) 0.564   
ApoB, g/L 140 1.0 (0.9, 1.1) 140 1.0 (1.0, 1.1) 0.642   
ApoA1, g/L 142 1.4 (1.3, 1.4) 142 1.4 (1.3, 1.4) 0.812   
ApoB/ApoA1 140 0.8 (0.7, 0.8) 140 0.8 (0.7, 0.8) 0.835   
NonHDL, mmol/L 145 4.2 (4.0, 4.4) 145 3.9 (3.7, 4.1) 0.006*   
Blood glucose, mmol/L 130 5.1 (5.0, 5.3) 130 5.3 (5.1, 5.5) 0.056   
HbA1c, % 118 5.4 (5.4, 5.5) 130 5.5 (5.4, 5.6) 0.255   
CRP, mg/L¶ 133 1.0 (0.5-1.7) 133 1.0 (0.0-1.7) 0.542   
Systolic BP, mmHg 106 130.2 (127.1, 133.2) 106 127.9 (125.2, 130.6) 0.080   
Diastolic BP, mmHg 105 79.1 (77.1, 81.1) 105 78.3 (76.4, 80.3) 0.376   
Table 11b. Comparisons of blood parameters and blood pressure at V2 and V3     
  V2 V3 P-value   
Number of attending subjects n=147 n=156 V2-V3   
  na Mean (95% CI) na Mean (95% CI)     
TC, mmol/L 146 5.3 (5.1, 5.5) 146 5.1 (4.8, 5.3) 0.103   
LDL, mmol/L 145 3.5 (3.3, 3.7) 145 3.1 (2.9, 3.3) 0.003*   
HDL, mmol/L 146 1.3 (1.3, 1.4) 146 1.4 (1.4, 1.5) 0.003*   
TG, mmol/L 143 1.0 (0.9, 1.1) 143 1.2 (1.1, 1.3) 0.001*   
ApoB, g/L 141 1.0 (0.9, 1.1) 141 1.1 (1.0, 1.1) 0.001*   
ApoA1, g/L 143 1.4 (1.4, 1.4) 143 1.6 (1.5, 1.6) <0.005*   
ApoB/ApoA1 141 0.8 (0.7, 0.8) 141 0.7 (0.7, 0.8) 0.312   
NonHDL, mmol/L 146 3.9 (3.7, 4.1) 146 3.6 (3.4, 3.9) 0.024*   
Blood glucose, mmol/L 134 5.3 (5.1, 5.5) 134 5.7 (5.4, 6.0) <0.005*   
HbA1c, % 115 5.5 (5.4, 5.6) 115 5.8 (5.7, 6.0) <0.005*   
CRP, mg/L¶ 136 1.0 (0.0-1.6) 136 0.7 (0.6-1.4) 0.758   
Systolic BP, mmHg 116 121.1 (124.5, 129.6) 116 128.7 (126.3, 131.1) 0.225   
Diastolic BP, mmHg 116 77.6 (75.6, 79.4) 116 76.9 (75.2, 78.7) 0.527   
The table continues on the next page. 
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Table 11c. Comparisons of blood parameters and blood pressure at V1 and V3 
  V1 V3 P-value   
Number of attending subjects n=156 n=156 V1-V3   
  na Mean (95% CI) na Mean (95% CI)     
TC, mmol/L 155 5.6 (5.4, 5.8) 155 5.1 (4.9, 5.4) 0.002*   
LDL, mmol/L 155 3.8 (3.6, 4.0) 155 3.2 (2.9, 3.4) <0.005*   
HDL, mmol/L 155 1.4 (1.3, 1.5) 155 1.4 (1.4, 1.5) 0.137   
TG, mmol/L 152 1.0 (0.9, 1.1) 152 1.2 (1.1, 1.2) <0.005*   
ApoB, g/L 152 1.0 (1.0, 1.1) 152 1.1 (1.0, 1.1) 0.010*   
ApoA1, g/L 152 1.4 (1.3, 1.4) 152 1.5 (1.5, 1.6) <0.005*   
ApoB/ApoA1 152 0.8 (0.7, 0.8) 152 0.7 (0.7, 0.8) 0.443   
NonHDL, mmol/L 155 4.2 (4.0, 4.4) 152 3.7 (3.5, 3.9) 0.001*   
Fasting glucose, mmol/L 142 5.1 (5.0, 5.2) 142 5.7 (5.4, 6.0) <0.005*   
HbA1c, % 127 5.4 (5.4, 5.5) 127 5.8 (5.6, 5.9) <0.005*   
CRP, mg/L¶ 146 1.0 (0.5-1.7) 146 0.7 (0.6-1.5) 0.235   
Systolic BP, mmHg 114 129.4 (126.5, 132.4) 114 129.0 (126.7, 131.4) 0.796   
Diastolic BP, mmHg 113 78.6 (76.7, 80.4) 113 76.9 (75.1, 78.6) 0.143   
Data are given as mean (95% Cl) for all variables with exception of ¶CRP where median (min, max) are given.   
aIndicates total number of measured subjects.         
Blood was drawn in a fasting state.           
V1 visit 1, V2 Visit 2, V3 visit 3, CI confidence interval, TC total cholesterol, HDL-C High-density lipoprotein 
 cholesterol, LDL-C Low-density lipoprotein cholesterol, TG triglycerides, ApoA1 Apolipoprotein A1, ApoB  
Apolipoprotein B, CRP C-reactive protein, BP Blood pressure. 

P-values were calculated with a paired t-test, with exception of ¶CRP where a Wilcoxon Signed rank test was used.  
*Significant change at p<0.05             

 Dietary and lifestyle factors 4.2.3

Dietary factors 

Multiple comparisons of the results from SmD are shown in table 12a, 12b and 12c. SmD-

score was significantly increased from V1 to V3. This positive trend was confirmed by 

changes in the distribution of the SmD-categories. The proportion with the lowest SmD-

category was more than halved, and an approximately 10% increase was seen in the 

proportion that achieved the top category. When analyzing the SmD-subgroups, significant 

differences between the visits regarding intake of meat, fish, fruit and vegetables together and 

separately and use of omega-3 capsules was observed. 

The patients had a significant higher intake of low-fat meat at V2 and V3 compared to V1, 

indicating that more patients chose low-fat meat for dinner and as cold cuts. There was a non-

significantly reduction in the point score for fish intake from V1 to V2, but from V2 to V3 it 

was significantly increased. This indicates that the patients had a higher intake of fish weekly, 
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either with an increase in the number of times they ate fish as cold cuts/spreads, in the number 

of times they ate fish for dinner or a combination of those two.  

The intake of fruit and vegetables together was significantly higher on V3 compared to V2, 

but no difference between V1 and V3 was observed. The significant increase in intake of fruit 

and vegetables together from V2 to V3 could be a result of the increase in intake of 

vegetables in the same period. At V3, the intake of vegetables alone was significantly higher 

than at V1 and V2. The fruit intake alone was significantly lower at V2 compared to V1 (table 

12a). There were no significant difference between the fruit intake at V1 and V3, or V2 and 

V3 (table 12c and 12b, respectively).  

The proportion who used dietary supplements at V1, V2 and V3 was stable, except for the use 

of omega-3 capsules, were a significantly lower proportion used them at V3 compared to V1. 

Table 12a. Comparisons of dietary results from Smart Diet at V1 and V2.   
    V1 V2 P-value 
Number of attending subjects n=156 n=147 V1-V2 
    na   na     
SmD-score, p§ 59 35.7 (34.6, 36.7) 59 36.4 (35.6, 37.3) 0.111 
SmD-catecoryǂ 139 89.1  124 84.4  0.189 
  1 (<30 p) - 9 (6.5) - 5 (4.0)   
  2 (30-37 p) - 88 (63.3) - 71 (57.3)   
  3 (≥38 p) - 42 (30.2) - 48 (38.7)   
SmD-subgroups           
  Dairy (4-12 p)§ 102 10.1 (9.9, 10.4) 102 10.4 (10.1, 10.7) 0.074 
  Meat (3-6 p)¶ 106 6.0 (5.0-6.0) 106 6.0 (6.0-6.0) 0.006* 
  Fish (3-6 p)§ 105 3.9 (3.6, 4.1) 105 3.8 (3.6, 4.1) 0.741 
  Fruit and vegetables (1-3 p)§ 105 2.1 (2.0, 2.3) 105 2.0 (1.9, 2.2) 0.170 
    1 (<2 portions/day)ǂ - 16 (15.2) - 27 (25.7)   
    2 (2-4 portions/day)ǂ - 59 (56.2) - 47 (44.8)   
    3 (>4 portions/day)ǂ - 30 (28.6) - 31 (29.5)   
  Vegetables (1-3 p)§ 76 1.7 (1.5, 1.8) 76 1.7 (1.5, 1.8) 0.891 
    1 (<1 portions/day)ǂ - 34 (44.7) - 36 (47.4)   
    2 (1-2 portions/day)ǂ - 32 (42.1) - 29 (38.1)   
  3 (≥3 portions/day)ǂ - 10 (13.2) - 11 (14.5)   
  Fruit (1-3 p)§ 76 1.9 (1.8, 2.2) 76 1.7 (1.5, 1.9) 0.004* 
    1 (<1 portions/day)ǂ - 25 (32.9) - 37 (48.7)   
    2 (1-2 portions/day)ǂ - 30 (39.5) - 23 (30.2)   
    3 (≥3 portions/day)ǂ - 21 (27.6) - 16 (21.1)   
  Dietary supplementsǂ 129 82.7  134 91.2    
    None - 41 (31.8) - 48 (35.8) 1.000 
    Cod-liver oil - 35 (27.1) - 36 (26.9) 0.286 
    ὠ-3 capsules - 58 (45.0) - 49 (36.6) 0.076 
    Multivitamins - 24 (18.6) - 25 (18.7) 0.804 
    Other - 19 (14.7) - 22 (16.4) 0.791 
The table continues on the next page. 
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Table 12b. Comparisons of dietary results from Smart Diet at V2 and V3.   
    V2 V3 P-value 
Number of attending subjects n=147 n=156 V2-V3 
    na   na     
SmD-score, p§ 63 36.2 (35.4, 37.1) 63 36.5 (35.6, 37.4) 0.606 
SmD-catecoryǂ 124 84.4  153 98.1 0.157 
  1 (<30 p) - 5 (4.0) - 4 (2.6) - 
  2 (30-37 p) - 71 (57.3) - 86 (56.2) - 
  3 (≥38 p) - 48 (38.7) - 63 (41.2) - 
SmD-subgroups           
  Dairy (4-12 p)§ 118 10.4 (10.1, 10.6) 118 10.2 (9.9, 10.4) 0.152 
  Meat (3-6 p)¶ 124 6.0 (5.6-6.0) 124 6.0 (6.0-6.0) 0.876 
  Fish (3-6 p)§ 124 3.8 (3.6, 4.1) 124 4.1 (3.9, 4.3) 0.024* 
  Fruit and vegetables (1-3 p)§ 123 2.0 (1.9, 2.1) 123 2.2 (2.1, 2.3) 0.005* 
    1 (<2 portions/day)ǂ - 31 (25.2) - 12 (9.8) - 
    2 (2-4 portions/day)ǂ - 60 (48.8) - 71 (57.7) - 
    3 (>4 portions/day)ǂ - 32 (26.0) - 40 (32.5) - 
  Vegetables (1-3 p)§ 82 1.6 (1.5, 1.8) 82 1.9 (1.7, 2.0) 0.017* 
    1 (<1 portions/day)ǂ - 41 (50.0) - 30 (36.6) - 
    2 (1-2 portions/day)ǂ - 30 (36.6) - 34 (41.4) - 
  3 (≥3 portions/day)ǂ - 11 (13.4) - 18 (22.0) - 
  Fruit (1-3 p)§ 82 1.7 (1.6, 1.9) 82 1.9 (1.7, 2.0) 0.138 
    1 (<1 portions/day)ǂ - 38 (46.3) - 29 (35.4) - 
    2 (1-2 portions/day)ǂ - 28 (34.1) - 35 (42.6) - 
    3 (≥3 portions/day)ǂ - 16 (19.5) - 18 (22.0) - 
  Dietary supplementsǂ 134 91.2  147 94.2   
    None - 48 (35.8) - 55 (37.4) 0.736 
    Cod-liver oil - 36 (26.9) - 36 (24.5) 0.458 
    ὠ-3 capsules - 49 (36.6) - 43 (29.3) 0.117 
    Multivitamins - 25 (18.7) - 20 (13.6) 0.327 
    Other - 22 (16.4) - 28 (19.0) 0.839 
The table continues on the next page.  
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Table 12c.Comparisons of dietary results from Smart Diet at V1 and V3   
    V1 V3 P-value 
Number of attending subjects n=156 n=156 V1-V3 
    na   na     
SmD-score, p§ 123 35.5 (34.8, 36.1) 123 36.3 (35.7, 36.9) 0.010* 
SmD-catecoryǂ 139 89.1  153 98.1 0.020* 
  1 (<30 p) - 9 (6.5) - 4 (2.6) - 
  2 (30-37 p) - 88 (63.3) - 86 (56.2) - 
  3 (≥38 p) - 42 (30.2) - 63 (41.2) - 
SmD-subgroups           
  Dairy (4-12 p)§ 126 10.2 (9.9, 10.4) 126 10.0 (9.8, 10.2) 0.263 
  Meat (3-6 p)¶ 126 6.0 (5.0-6.0) 126 6.0 (5.9-6.0) 0.030* 
  Fish (3-6 p)§ 125 3.9 (3.6, 4.1) 125 4.0 (3.8, 4.2) 0.171 
  Fruit and vegetables (1-3 p)§ 126 2.1 (2.0, 2.2) 126 2.2 (2.1, 2.3) 0.058 
    1 (<2 portions/day)ǂ - 20 (15.9) - 11 (8.7) - 
    2 (2-4 portions/day)ǂ - 73 (57.9) - 75 (59.5) - 
    3 (>4 portions/day)ǂ - 33 (26.2) - 40 (31.7) - 
  Vegetables (1-3 p)§ 117 1.7 (1.6, 1.9) 117 1.9 (1.8, 2.1) 0.011* 
    1 (<1 portions/day)ǂ - 50 (42.7) - 33 (28.2) - 
    2 (1-2 portions/day)ǂ - 47 (40.3) - 60 (51.3) - 
  3 (≥3 portions/day)ǂ - 20 (17.1) - 24 (20.5) - 
  Fruit (1-3 p)§ 117 2.0 (1.9, 2.1) 117 1.9 (1.8, 2.1) 0.296 
    1 (<1 portions/day)ǂ - 34 (29.1) - 40 (34.2) - 
    2 (1-2 portions/day)ǂ - 51 (43.6) - 48 (41.1) - 
    3 (≥3 portions/day)ǂ - 32 (27.4) - 29 (24.8) - 
  Dietary supplementsǂ 129 82.7  147 94.2 - 
    None - 41 (31.8) - 55 (37.4) 0.362 
    Cod-liver oil - 35 (27.1) - 36 (24.5) 0.728 
    ὠ-3 capsules - 58 (45.0) - 43 (29.3) 0.016* 
    Multivitamins - 24 (18.6) - 20 (13.6) 0.248 
    Other - 19 (14.7) - 28 (19.0) 0.541 
Data are given as mean §(95% CI), ¶median (25-75 percentiles) or ǂnumber (%).   
aIndicates total number of measured subjects.       
V1 visit 1, V2 visit 2, V3 visit 3, SD Smart Diet, p points, CI confidence interval.   
For calculation of p-values §paired t-test, ¶Wilcoxon signed rank test or ǂMcNemar Bowker Test was used. 
*Significant change at p<0.05           

Lifestyle factors 

Table 13a, 13b and 13c present lifestyle results from SmD. During the study period, the 

proportion that was smokers showed a small decrease from approximately 18% to 14% (non-

significant). The proportion of those who consumed alcohol was also relatively stable during 

the study period, and no significant changes were observed. The proportion with a moderate 

consumption of alcohol (one to seven units a week) was stable with a proportion of 

approximately 50%. Regarding physical activity, there were no significant differences in the 

amount reported at the three visits. 
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Table 13a. Comparisons of lifestyle results from Smart Diet at V1 and V2. 
    V1 V2 P-value 
Number of attending subjects n=156 n=147 V1-V2 
    na n (%) na n (%)   
Smoking 123   123   0.894 
No   100 (81.3)   101 (82.1)   
Yes, number of cigarettes   23 (18.7)   22 (17.9)   
  ≤5   6 (4.9)   4 (3.3)   
  6-10   6 (4.9)   7 (5.7)   
  ≥11   5 (4.1)   3 (2.4)   
  Party smoker   6 (4.9)   8 (6.5)   
Alcohol consumptionb 112   112   0.106 
0     18 (16.1)   16 (14.3)   
<1     31 (27.7)   27 (24.1)   
1-7   55 (49.1)   58 (51.8)   
8-14   6 (5.4)   11 (9.8)   
≥15   2 (1.8)   0 (0.0)   
Physical activityc 118   118   0.566 
Never   1 (0.8)   1 (0.8)   
<1     16 (13.6)   17 (14.4)   
1-2   51 (43.2)   44 (37.3)   
≥3     50 (42.4)   56 (47.5)   
Table 13b. Comparisons of lifestyle results from Smart Diet at V2 and V3. 
    V2 V3 P-value 
Number of attending subjects n=147 n=156 V2-V3 
    na n (%) na n (%) 
Smoking 132 132 0.303 
No 109 (82.6) 114 (86.4) 
Yes, number of cigarettes 23 (17.4) 18 (13.6) 
  ≤5 5 (3.8) 2 (1.5) 
  6-10 7 (5.3) 4 (3.0) 
  ≥11 3 (2.3) 8 (6.0) 
  Party smoker 8 (6.1) 4 (3.0) 
Alcohol consumptionb 127 127 0.064 
0   18 (14.2) 17 (13.4) 
<1   30 (23.6) 39 (30.7) 
1-7 65 (51.2) 62 (48.8) 
8-14 14 (11.0) 9 (7.1) 
≥15 0 (0.0) 0 (0.0) 
Physical activityc 129 129 0.747 
Never 1 (0.8) 3 (2.3) 
<1   17 (13.2) 17 (13.2) 
1-2 47 (36.4) 38 (29.5) 
≥3   64 (49.6) 71 (55.0) 
The table continues on the next page. 
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Table 13c. Comparisons of lifestyle results from Smart Diet at V1 and V3. 
    V1 V3 P-value 
Number of attending subjects n=156 n=156 V1-V3 
    na n (%) na n (%) 
Smoking 142 142 0.584 
No 116 (81.7) 122 (85.9) 
Yes, number of cigarettes 23 (16.2) 20 (14.1) 
  ≤5 7 (4.9) 2 (1.4) 
  6-10 6 (4.2) 4 (2.8) 
  ≥11 6 (4.2) 10 (7.0) 
  Party smoker 7 (4.9) 4 (2.8) 
Alcohol consumptionb 131 131 0.772 
0   20 (15.3) 19 (14.5) 
≤1   39 (29.8) 41 (31.3) 
1-7 62 (47.3) 62 (47.3) 
8-14 8 (6.1) 9 (6.9) 
≥15 2 (1.5) 0 (0.0) 
Physical activityc 137 137 0.443 
Never 2 (1.5) 4 (2.9) 
≤1   20 (14.6) 20 (14.6) 
1-2 59 (43.1) 44 (32.1) 
≥3   56 (40.9) 69 (50.4) 
Data are given as number (%).           
aIndicates total number of measured subjects.       
bCategorized as number of units consumed weekly. One unit is defined as 125 mL wine, 330 mL beer or 4 cL 
spirits. 
cCategorized as number of sessions > 30 minutes weekly.       
V1 visit 1, V2 visit 2, V3 visit 3  
For calculation of p-values Wilcoxon Signed Rank test was used.    
*Significant change at p<0.05           

 Patients preferences concerning the treatment 4.2.4

The patient’s preference form was only collected at V1 and V3. Only the question about the 

acceptance of having adverse effects to achieve a low cholesterol level showed a significant 

change during the study period. These results are shown in table 15.  
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Table 14. Comparisons of the patient's preference form at V1 and V3   
  
  V1 V3 

P-
value 

Number of attending subjects n=156 n=156   
  na n (%) na n (%)   
A healthy lifestyle is  as important as medicines 119   119   0.163 
Fully agrees   71 (59.7)   74 (62.2) - 
Partly agrees   33 (27.7)   37 (31.1) - 
Neither nor   6 (4.8)   2 (1.7) - 
Partly disagrees   7 (4.6)   5 (4.2) - 
Fully disagrees   2 (1.6)   1 (0.8) - 
I prefer to have as low cholesterol as possible 119   119   0.269 
Fully agrees   93 (78.2)   85 (71.4) - 
Partly agrees   21 (17.6)   28 (23.5) - 
Neither nor   3 (2.5)   3 (2.5) - 
Partly disagrees   2 (1.7)   1 (0.8) - 
Fully disagrees   0 (0.0)   2 (1.7) - 
A low cholesterol is more important than not 
having adverse effectsb 120 120  0.001* 
Fully agrees   10 (8.3)   13 (10.8) - 
Partly agrees   14 (11.7)   27 (22.5) - 
Neither nor   22 (18.3)   31 (25.8) - 
Partly disagrees   41 (34.2)   34 (28.3) - 
Fully disagrees   33 (27.5)   15 (12.5) - 
Data are given as number (%).            
aIndicates total number of measured subjects.           
bOriginal statement: I prefer to have little adverse effects rather than low cholesterol.    
V1 visit 1, V3 visit 3.           
For calculation of p-values Wilcoxon signed ranks test was used.        
*Significant change at p<0.05           

4.3 Comparisons of patients with and without CVD 
at V3 

 Clinical characterization 4.3.1

The number of patients with CVD increased significantly from 34 patients (21.8%) at V1 to 

49 patients (31.4%) at V3 at p<0.001 (data not shown). The age at V3 was very different; 

those with CVD were on average 11.6 years older than those who had not experienced any 

CV. Importantly they were also diagnosed with FH on average approximately 13 years later. 

More males than females had CVD (table 15). 
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The youngest patient had first CVD event at age 25.2 years of age (data not shown). As 

shown in table 16 and 15 respectively, mean age at first CV event and age at FH-diagnosis 

among patients with CVD were about the same. Table 16 also shows an overview over type 

of CV events the patients had experienced. 

Men with CVD had a significant higher WC than men without CVD. Both men and women 

with CVD had a higher median BMI compared to men and women without CVD; however 

the difference was not significant (table 16).  

 CVD among deceased patients 4.3.2

Of the 357 patients included at V1, 12 patients (3.4%) died during study period (data not 

shown). The median age at time of death was 64.3 years (25-75p: 47.3-67.5 years). We had 

no access to the death certificates; however we had access to their medical journals. After 

reviewing their medical journals, we can with certainty say that 3 of these (25.0%) died 

because of CVD; one of acute coronary syndrome, one of heart failure and one of AMI. 

Causes of death are unknown for four patients (33.3%), however two of them had CVD and 

one of them had besides a kidney transplant. Of the two remaining patients, one was a drug 

abuser and one had an inadequate journal, but this patient was free from CVD in 2007. Three 

patients (25.0%) suffered from cancer by the time of their death; in addition one of them had 

suffered from CVD. The two remaining patients were free from CVD by the time of their 

death. One went into multi organ and respiratory failure and one died in a traffic accident. 

Taken together, at least six of the deceased patients (50.0%) had established CVD. 

 Blood parameters 4.3.3

As seen in table 16, patients with CVD had a higher untreated cholesterol levels than the 

patients without CVD. At V3, however, there were no significant differences in TC and LDL-

C between the two groups. 

Patients with CVD had a more metabolic blood profile compared to patients free from CVD, 

with higher levels of TG, fasting glucose and HbA1c. HDL-C also tended to be lower among 

patients with CVD, but the difference was not significant (table 16). Figure 4 illustrates the 

difference in the metabolic parameters between the two groups. 



53 
 

 

Figure 4. Difference in metabolic blood parameters between patients with and without CVD 
at V3. 

Data are given as mean (95% CI). 

V3 visit 3, CI Confidence interval, TC total cholesterol, HDL-C High-density lipoprotein 
cholesterol, TG triglycerides. 

 Metabolic comorbidities 4.3.4

An overview over the proportion with metabolic comorbidities is shown in table 16. There 

were a higher proportion of patients with abdominal obesity in the CVD-group; however, the 

difference in WC was only significant among men. In addition, patients with CVD disease 

had a significant higher prevalence of metabolic syndrome, based on both the criteria of 

NCEP ATP III and IDF.  

 Medication 4.3.5

Lipid lowering medication is shown in table 16.  Patients with CVD were mostly treated with 

high intensity statin therapy and with three or more LLMs. 69.4% of the patients with CVD 

were treated with antihypertensive medication. This was a significantly higher proportion 

(p<0.005) than the 11.2% in the non-CVD group (data not shown). No difference in the 

proportion treated with glucose lowering medication was found (data not shown).  
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Table 15. Comparisons of characterization of patients with CVD and without CVD at V3. 
CVD n=49 No CVD n=107 P-value 

Clinical characteristics na   na     
Age at V3, years§ 49 60.9 (58.4, 63.5) 107 49.3 (46.8, 51.7) <0.005* 
Age at FH-diagnosis, year § 49 42.7 (39.4, 45.9) 102 29.8 (26.8, 32.7) <0.005* 
Waist, cm§           
  Male 27 104.8 (98.8, 110.9) 47 98.0 (94.0, 100.5) 0.016* 
  Female 15 92.8 (85.4, 100.2) 51 90.3 (86.2, 94.4) 0.548 
BMI, kg/m2 §           
  Male 31 29.0 (26.7, 31.2) 49 27.0 (25.8, 28.1) 0.112 
  Female 18 27.5 (25.4, 29.6) 58 26.6 (25.0, 28.2) 0.480 
Sexǂ 49   107     
  Male    31 (63.3)   49 (45.8) 0.043* 
  Female   18 (36.7)   58 (54.2) 0.043* 
Fasting blood parameters na   na     
Untreated TC, mmol/L§ 45 10.9 (10.1, 11.6) 104 9.3 (9.0, 9.7) <0.005* 
Untreated LDL-C, mmol/L§ 36 7.1 (6.2, 8.0) 76 7.0 (6.6, 7.4) 0.838  
TC, mmol/L§ 49 5.0 (4.7, 5.4) 107 5.2 (4.9, 5.5) 0.539 
HDL-C, mmol/L§ 49 1.3 (1.2, 1.5) 107 1.5 (1.4, 1.6) 0.085 
LDL-C, mmol/L§ 49 3.1 (2.8, 3.4) 107 3.2 (2.9, 3.5) 0.539 
TG, mmol/L§ 49 1.4 (1.2, 1.7) 106 1.0 (1.0, 1.1) <0.005 
Fasting glucose, mmol/L§ 48 6.4 (5.8, 7.0) 105 5.4 (5.1, 5.6) <0.005 
HbA1c, %§ 45 6.2 (5.9, 6.5) 95 5.6 (4.5, 5.7) <0.005 
Comorbidities na   na     
Abdominal obesitycǂ           
  Men 27 14 (51.9) 47 12 (25.5) 0.022* 
  Women 15 10 (66.7) 51 25 (49.0) 0.229 
Metabolic syndrome, defined by      
 NCEP ATP IIIǂ 48 26 (54.2) 107 18 (16.8) <0.005* 
 IDFǂ 44 23 (52.3) 107 24 (22.4) <0.005* 
Lipid lowering medicationd na   na     
No statin therapyǂ 49 3 (6.1) 107 10 (9.3) 0.231  
High intensity statin therapyǂ 49 44 (89.8) 107 76 (71.0) 0.010*  
Moderate intensity statin therapyǂ 49 3 (6.1) 107 20 (18.7) 0.034* 
PCSK9-inhibitorsǂ 49 0 (0.0) 107 2 (1.9) 0.335 
≥2 lipid lowering medicationsǂ 49 42 (85.7) 107 78 (72.9) 0.119 
≥3 lipid lowering medicationsǂ 49 24 (49.0) 107 18 (16.8) <0.005* 
Data are given as mean §(95% CI) ¶median (25-75 percentiles) or ǂnumber (%).     
aIndicates total number of measured subjects.  
bAbdominal obesity is defined as a waist circumference >102 cm for men and >88 cm for women.  
c≥2 lipid lowering medications: least a statin and ezetimbe,≥3 lipid lowering medications: least a statin, 
ezetimibe and colesevelam. High intensity statin therapy: atorvastatin 40-80 mg or rosuvastatin 20-40 mg. 
Moderate intensity statin therapy: atorvastatin 10-20 mg, rosuvastatin 5-10 mg, pravastatin 40-80 mg, 
simvastatin 20-40 mg, lovastatin 40 mg, fluvastatin 40 mg or pitvastatin 2-4 mg. 
CVD cardiovascular disease V3 visit 3, CI Confidence interval, TC total cholesterol, LDL-C Low-density 
lipoprotein cholesterol, HDL-C High-density lipoprotein cholesterol, TG triglycerides, PCSK9 proprotein 
subtilisin/kexin type 9, NCEP ATP III National Cholesterol Education Program Adult Treatment Panel III, IDF 
International Diabetes Federation, OUS Oslo University Hospital. 
P-value calculated with §independent t-test, ¶Mann-Whitney U Test, ǂ Chi-square test. 
Pairwise exclusion was used for handling of missing values.       
*Significant change at p<0.05           
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Table 16. Cardiovascular events    
Number of patients with CVD at V3, n=49 
Age at first CV event, years§ 45.7 (42.6, 48.3) 
Number of MI'sǂ   20 (40.8) 
Number of PCI'sǂ   22 (44.9) 
Number of APǂ   30 (61.2) 
Number of carotid stenosisǂ 12 (24.5) 
CABGǂ   18 (36.7) 
Aortic aneurysmǂ   6 (12.2) 
Cerebrovascular eventa   10 (20.4) 
Data are given as mean §(95% CI) or ǂnumber(%).  
aIncludes transient ischemic attack, ischemic stroke 
and haemorrhagic stroke     
CI Confidence interval, CVD cardiovascular disease, CV 
cardiovascular, MI's Myocardial infarctions, PCI's Percutaneous 
coronary interventions, AP Angina pectoris 
 

 Diet and lifestyle 4.3.6

SmD-results are presented in table 17. Patients with CVD reported to eat more fish than the 

patients without CVD, while patients without CVD reported to eat more vegetables. There 

were no differences in amount of physical activity, alcohol consumption, proportion of 

current smokers, or in the number taking dietary supplements (data on dietary supplements 

are not shown). Among the patients with CVD there was a significant higher proportion with 

former smokers. Half of the patients with CVD reported to be former smokers, compared to 

one third among the patients CVD. 
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Table 17. Diet and lifestyle characterization of patients with CVD vs. no CVD at V3 
      CVD n=49 No CVD n=107 P-value 
Diet   na   na     
SmD-score, p§ 40 36.9 (35.9, 37.8) 100 36.3 (35.6, 37.0) 0.361 
SmD-categoryǂ 49 2.3 (2.2, 2.5) 104 2.5 (2.3, 2.6) 0.208‡ 
  1 (<28 p)   1 1 (2.1) 3 3 (2.8)   
  2 (29-37 p) 23 23 (48.9) 63 63 (59.4)   
  3 (>38 p)   23 23 (48.9) 40 40 (37.7)   
SmD-subgroups           
  Dairy, (4-12 p)§ 47 10.3 (9.9, 10.7) 106 9.9 (9.7, 10.2) 0.134 
  Meat, (3-6 p)¶ 47 6.0 (6.0-6.0) 106 6.0 (6.0-6.0) 0.708 
  Fish, (3-6 p)§ 47 4.4 (4.1, 4.7) 106 3.8 (3.6, 4.1) 0.007* 
  Fruit and vegetables, (1-3 p)§ 47 2.1 (1.9, 2.3) 106 2.3 (2.1, 2.4) 0.356‡ 
  1 (<2 portions/day)ǂ   7 (14.9)   7 (6.6)   
  2 (2-4 portions/day)ǂ   26 (55.3)   66 (62.3)   
  3 (>4 portions/day)ǂ   14 (29.8)   33 (31.1)   
  Fruit, (1-3 p)§ 41 2.0 (1.9, 2.3) 100 1.9 (1.8, 2.2) 0.957‡ 
  1 (<1 portions/day)ǂ   15 (36.6)   32 (32.0)   
  2 (1-2 portions/day)ǂ   15 (36.6)   45 (45.0)   
  3 (≥3 portions/day)ǂ   11 (26.8)   23 (23.0)   
  Vegetables, (1-3 p)§ 41 1.7 (1.5, 2.0) 100 2.0 (1.9, 2.1) 0.020‡* 
  1 (<1 portions/day)ǂ   18 (43.9)   25 (25.0)   
  2 (1-2 portions/day)ǂ   18 (43.9)   51 (51.0)   
  3 (≥3 portions/day)ǂ   5 (12.2)   24 (24.0)   
Lifestyle    na   na     
Physical activityb,ǂ 49   107   0.523‡ 
  Never     2 (4.1)   3 (2.8)   
  <1     9 (18.4)   13 (12.1)   
  1-2     13 (26.5)   36 (33.6)   
  ≥3     25 (51.0)   55 (51.4)   
Alcohol intakec,ǂ 49   106   0.236‡ 
  Never     11 (22.4)   12 (11.3)   
  <1     13 (26.5)   32 (30.2)   
  1-7     21 (42.9)   55 (51.9)   
  ≥8     4 (8.2)   7 (6.6)   
Current smokersǂ,d 49 7 (14.3) 106 15 (14.0) 0.986 
Former smokersǂ 49 25 (51.0) 107 36 (33.6) 0.039* 
Data are given as mean §(95% CI) ¶median (25-75 percentiles) or ǂnumber (%).   
aIndicates total number of measured subjects.       
bCategorized as number of sessions > 30 minutes weekly.       
cCategorized as number of units consumed weekly. One unit is defined as 125 mL wine, 330 mL beer or 4 cL 
spirits. 
V3 visit 3, CI Confidence interval, SmD Smart Diet, p points.     
P-value calculated with an §independent t-test, an ¶Mann-Whitney U Test, a ǂChi-square test.  
‡P-value indicates p for trend 
Pairwise exclusion was used for handling of missing values.      
*Significant change at p<0.05         
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5 Discussion 
In the present study long-term aggressive lipid lowering treatment of FH-patients in an 

outpatient Lipid clinic resulted in lower TC and LDL-C after eight to ten years. On the other 

hand, fasting glucose, HbA1c, TG, weight, BMI and WC increased. Another important 

finding was that FH-patients with CVD were older and had higher levels of fasting glucose, 

HbA1c, TG, pre-treatment TC and occurrence of MetS than those without CVD. Further, 

patients with CVD were diagnosed with FH later in life compared to patients without CVD. 

5.1 Subjects and methods 
This thesis is a continuation of the thesis by Marlene Thorvall (148), where additional FH-

patients was included to get a better basis for generating hypothesis and drawing conclusions.  

 Participants 5.1.1

As the general population, patients with FH are a heterogeneous group consisting of more or 

less motivated and compliant patients. Many FH-patients has experienced CVD themselves or 

in close family, thus many are fully aware of the increased CV risk FH causes. Hence, they 

are well prepared to see the importance of adequate treatment, and thus should be motivated 

and compliant. However, the improved treatment leads to fewer patients experiencing the 

serious consequences of FH, such as sudden or early death. Less knowledge about the 

potential risk FH entails may lead to lower motivation and compliance towards the treatment.  

The study population may be affected by selection bias towards motivated and compliant 

participants, although most of those who were asked to participate agreed initially. At V3 

50% of those who attended V1 were no longer registered as patients at the Lipid Clinic and 

their FH was handled by other health care providers than the Lipid Clinic. Patients who do not 

wish further follow-up or do not meet for the consultations repeatedly, lose their position in 

the waiting list, and need a new referral from their GP to get a new consultation. This could 

be a selected group of non-motivated and non-adherent patients. Often, patients who 

participate in long-term studies are more educated, and may be healthier than the general 

population (156, 157). On the other hand, patients who no longer receive follow-up at the 

Lipid Clinic might not be the same patients who do not attend long-term studies. They might 



58 
 

get sufficient follow-up with their GP, or receive follow-up for their FH at another specialized 

outpatient clinic in Norway. Whether the former patients are more or less motivated and 

adherent, anywise if they differ from our study population, the internal and external validity 

of our results are affected. During the spring 2017, V3 part III will be implemented and aims 

to reach these patients. Thus, it would be of interest to investigate if inclusion of these patients 

alters the findings from this thesis.  

At the very first-time consultation at the Lipid Clinic, prior to V1 in the present study, patients 

receive dietary counselling with a clinical dietician. Further, patients with FH are offered 

regular consultations (annually to every third year) with doctors, and additionally 

consultations with clinical dieticians if necessary and they were therefore very well informed 

about lipid lowering diet prior to V1 reducing the potential for further improvement during 

the study period. At each consultation the patient’s diet and lifestyle is assessed by SmD, 

which might contribute to an increased awareness of their diet and lifestyle. Further, they are 

well aware of the treatment provider’s anticipations and recommendations regarding the 

treatment. This can intentionally or unintentionally, cause pleasing bias. Our data on diet and 

lifestyle are most susceptible. In this setting the patient knows what is healthy to eat and what 

the clinical dietician/doctor recommends. The patient answers in a way that fulfils this, 

though it does not necessarily correspond to the patient’s actual dietary habits. To minimize 

pleasing bias, the patients filled out SmD at the waiting room prior to each consultation as 

pleasing bias also can occur during the consultation with the clinical dietician/master student.  

Some patients were off LLM of various reasons at V3. As the study initially was a quality 

assessment of the treatment given at the Lipid Clinic, one of the exclusions criteria was being 

off LLM at the study start. Thus patients who were off LLM at V1 were excluded, and were 

not invited to further participate in the subsequent visits. However, at V3 we included the 

patients who were off LLM at the present time, as they are a normal variation within the 

treatment state. 

 Study design and implementation of the study 5.1.2

The TTT-FH is a prospective study, where the collected data describes the state at the time of 

the visits. Only pre-treatment cholesterol levels and CV events was collected retrospectively. 

Collection of data about diet, lifestyle and preferences towards the treatment in a prospective 

manner minimizes the potential for recall bias. However, as some of the patients had CVD 
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before V1 and during the study period, we cannot rule out that this affected their registration 

in some way. The comparisons of patients with and without CVD have a cross-sectional 

design, as all variables with exception of pre-treatment TC and LDL-C was collected at V3. 

As we are unable to claim any about the order of the exposure factor and the CVD, no 

causality is provided. However, our findings could be interpreted as of areas for future 

research.  

If data is collected differently for different patients, it can lead to information bias. This is 

mostly applicable to the data collected by the doctor during the consultations. Everyone who 

has collected data in the study has worked by the same protocol. Generally, each patient met 

the same doctor at V1 and V2. At V3, all patients met the same doctor, with some minor 

exceptions. The doctor who conducted V3 was the same doctor who met most of the patients 

on V1 and V2 (43.4% and 46.1%, respectively) thereby reducing the variation in the 

collection of information within each patient. On V1 and V2 some of the patients had 

additional consultations with a clinical dietician, which generally leads to an adjustment in the 

SmD. Therefor some of the SmD-results from V1 and V2 are adjusted, while others are 

unadjusted. However, the adjustment can be in both directions, thus it is likely to assume that 

this had a neutral effect on the SmD-results.  

It is difficult to collect reliable data on diet, as the methods for data collection are affected 

with different bias (158, 159). SmD was developed for utilization in clinical settings. It is 

validated, and provides a good estimate of the intake of fat and fibre, but is less accurate in 

the terms of vegetables, fish and snacks. It gives an opportunity to discuss central points in the 

patients dietary habits and is a useful health education tool, thus it has a high value in a 

clinical setting (153). The value of SmD in research purposes is uncertain. However, as this 

study takes place in an outpatient clinic and initially aimed to evaluate the effect of the 

treatment, it was natural that SmD was used in the dietary assessment. We used different 

SmD-versions in this study. Due to too large divergence from the total scoring in the 2003-

version, total score from the 2007- and 2009-version was not registered, leading to several 

missing values. Category and point score for each of the food categories in the different 

versions were registered, as it did not affect the results in any direction. 

Weight and height was collected with the same devices, while BP was collected with two 

calibrated devices at V3. The measurements was standardized and mostly collected by the 

same persons. However, some deviations from this could have weakened our results. During 
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the visits, weight was measured at different time during the day. Thus, eating and toilet visits 

might have influenced the weight. We assume that this affected our results in both ways, and 

thus yielded a neutral effect. At V1 and V2 there is a chance that some of the heights are self-

reported. Self-reported heights can be inaccurate since many cannot remember their accurate 

height (150). Height gradually decreases from 30 years of age; however the reduction is not of 

a particular size until after the age of 50 or 60 years of age in women and men, respectively 

(160). We chose to calculate BMI by using height measured on V3, thus we might have 

underestimated the increase in BMI. Nevertheless, we assume that using self-reported height 

at V1 and V2 would have biased the results to a bigger extent.  

Smokers were classified as those who smoked on a regular basis and those who smoked 

occasionally, preferably at parties. This might have biased our results as the amount of party 

smoking depends on how often the patient’s parties. However, analysis with and without 

party smokers classified as regular smokers did not alter the results.   

Age at FH-diagnosis was calculated from the date when the patients had their first-time 

consultation at the Lipid Clinic (usually prior to the date for genetic diagnosis), meaning that 

this date corresponds to when they got their clinical diagnosis. This is probably a minor 

underestimation of the age at diagnosis as other doctors might have clinically diagnosed some 

patients at a previous time.  

We do not have a control group; therefor it is possible that our results might have been 

influenced of other factors than the treatment given at the Lipid Clinic. On the other hand, in 

this setting choosing the right control group is difficult. Of ethical reasons, we cannot refrain 

from offering treatment to FH-patients. Moreover, using healthy subjects provides a wrong 

comparisons basis. An outpatient setting with less controlled circumstances compared to 

controlled clinical trials can be positive, as it increases the generalizability to the general 

treatment given to FH-patients. In a controlled clinical trial the contact with health 

professionals are more frequent than in an outpatient setting, thus the generalizability could be 

impaired. Therefore, we believe that the results from our study may be indicative of what is 

achievable with aggressive lipid lowering treatment in compliant and motivated FH-patients.   

Initially, we collected data on Lp(a) for all patients, however due to changes in the assay 

methods over the years and missing information on when Lp(a) was analysed in our 

population, we could not use an adjustment factor to obtain comparable Lp(a) data. Today, 
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Lp(a) assay methods measures the number of molecules in nmol/L, where levels above 75 

nmol/L indicates an increased risk for CVD. In the 2000s, the assay methods measured the 

mass, which does not correspond well with the number of particles. During the 1990s and 

2000s the 75th percentile in the general population has changed according to changes in the 

assay methods. It has been both 450 mg/L and 300 mg/L (2016, Helge Rootwelt, personal 

communication). Missing information about Lp(a) levels in this FH-population is an 

limitation, since other studies has found Lp(a) to be higher among FH-patients compared to 

the general population (161, 162) and higher among FH-patients with CVD compared to 

patients without CVD (163). 

 Data processing 5.1.3

In the data from the two earliest visits there are several values missing, especially regarding 

anthropometric data, BP, intensity of physical activity and SmD. These missing values are 

classified as item non-response. To avoid missing information we used pairwise exclusions in 

the analysis where it was necessary. A high content of missing values can potentially bias our 

results if they originate from a selected group of patients. However, we assume that the 

missing values are a result of random sloppiness by the doctors; they have forgotten to 

measure and/or document weight, WC and BP in the journal. The missing values in the SmD 

results partly from the use of three different SmD-variants in the study, partly from patients 

forgetting to tick off for some questions and to finish the SmD prior to the consultations. 

Again, sloppiness by the doctors appears. Some doctors are too lousy to review SmD 

thorough enough to notice and comment on small errors. This demonstrates the importance of 

having separate consultations with clinical dieticians in order to obtain reliable and precise 

data on diet and lifestyle. Nevertheless, a high proportion of missing values weaken our study 

strength. The weakness of having missing values became apparent when performing paired 

analytical tests on variables measured at different time points. These tests require present 

values for each individual at each time point. Presence of many missing values reduces the 

number and the statistical power to detect differences and generalize the findings. However, 

we performed analytical and descriptive analyses of all visits and V3 alone, respectively. No 

major differences in measures of central tendency at V3 calculated in the descriptive analyses 

or in the analytical were detected, except for WC, suggesting that over findings in the 

analytical analyses are representative for our population.  
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When exploring a large number of differences there is an increased risk of type 1 error. To 

control for this error we could use Bonferroni adjustment, however due to this thesis being 

explorative and descriptive, we decided not to adjust. With Bonferroni adjustment a p-value 

<0.0016 would be considered significant. Thus, caution should be made since we might 

wrongly accept or rejected some differences on an insufficient basis, but our highly 

significant findings would not disappear with Bonferroni adjustment.  

As described in the section 3.3, our data was quality controlled to minimize accidental bias 

from the plotting process. The master students plotted all variables. As they were in 

accordance to each other, inter-variability, both differential and non-differential, between the 

variables was avoided to the greatest extent. 

5.2 Results  

 Present state at V3 and changes during eight to ten years 5.2.1

FH-diagnosis 

In this study we had a very high proportion of patients with a genetic verified FH-diagnosis. 

This is considered a strength as we have excluded most patients with a phenotypic FH, where 

a polygenic basis is responsible for the elevated LDL-C (9). As far as we know, no other 

similar studies evaluating the treatment effect in FH-patients has such a high percentage of 

genetic verified FH-patients (164, 165). It should be pointed out that the genetic testing 

performed in Norway has a high sensitivity and specificity, higher than in most other 

countries (166). 

Unfortunately, the patients mainly got their clinical diagnosis in their adulthood. 

Undiscovered and untreated FH increases the cholesterol burden and leads to an earlier 

threshold for CVD compared to optimal treated FH-patients (9). The importance of an early 

diagnosis is important in many aspects. First, initiation of lipid lowering treatment is critical 

to reduce the cumulative cholesterol burden and the excess CV risk (9). Second, dietary habits 

are acquired early in life (167, 168). Consequently, a cardioprotective diet and dietary 

counselling ideally starts in childhood (169). Molven et al found that FH-children who had 

received dietary counselling had healthier food-choices than non-FH-children. This was also 

the case with FH-adolescents, indicating that dietary habits achieved in childhood lasts into 
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early adulthood (170). Probably, this applies to other healthy habits, as being a non-smoker 

and physical active.  

To identify new FH-subjects cascade screening is recommended, as it is the most cost-

effective approach (9, 171). Initially, GP needs to measure cholesterol levels among their 

patients, including younger patients. If deviating values are present, genetic testing is 

necessary to ensure a definite diagnosis. If the genetic test is positive, remaining family 

members should be tested. Child-parent screening has also been proposed as a simple, 

practical and effective way of screening to identify and prevent premature CVD (172). 

Medications 

The intensity of the LLM is decided based on mainly four factors; the need for LDL-C 

reduction, the presence of other CV risk factors, the patient’s perceived adverse effects and 

their attitudes towards the medical treatment. Clearly, three quarters of the patients needed 

and were treated with a high intensity statin, and the same amount needed and was treated 

with Ezetimibe as an adjunctive medication. Further, nearly 30% needed additional lipid 

lowering treatment with colesevelam.  

As FH does not lead to elevated TGs, presence of elevated TG is a result of other factors, 

typically an unhealthy diet and lifestyle (173). The finding of that only three patients used 

high dose omega-3, could be interpreted as a consequence of new studies suggesting that 

omega-3 has limited effects on CV risk (174-176).  

Two patients used PCSK9-inhbitors. From 15th of December 2015, applications for treatment 

with PCSK9-inhibitors were submitted for 27 patients. On average the patients had BP within 

the normal range; however a third of the patients were treated with antihypertensive 

medications, indicating that elevated BP was a problem for these patients. 

The prevalence of DM was three times higher than the estimated prevalence of approximately 

4% in the general Norwegian population (177). In a study of 79 deceased FH-patients in 

Norway, the rate of DM was 22%, suggesting that DM represents a major risk factor for death 

in FH patients (12). As the rate of DM in a deceased population is not representative for the 

general FH-population, the DM-rate in our study may be of relevance for the incidence of DM 

in FH. However, since we based our prevalence on those who use glucose lowering 

medication, the actual prevalence might be higher as some patients might have undiagnosed 
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DMT2 or being treated with only diet and exercise (178, 179).  Future studies in the TTT-FH 

study should investigate the incidence of DM more closely. 

We can assume that the vast majority of the patients started statin therapy immediately after 

their first-time consultation at the Lipid Clinic, but there might be a few exceptions. Some of 

the patients might have been treated with statins prior to the first-time consultation, while 

others might started statin therapy a while after due to too young age or FH-diagnosis in the 

pre-statin-era. Further, some of the patients had periods where they were not treated with 

statins, for example during pregnancy and breast-feeding. However, we assume that the 

patients on average have been treated with statins for at around 19 years. This is a much 

longer time period than in the follow-up in studies showing a diabetogenic effect of statins, 

which in general had follow-up time of four to five years (113, 180). In a meta-analysis of 13 

statin trials with a mean duration of four years, statin therapy was associated with a 9% 

increased risk for incident DM. Compared with moderate statin therapy, intensive statin 

therapy increases the risk (181). The finding of a higher presence of DM in addition to the 

increase in HbA1c and fasting glucose among patients with long-term statin therapy might 

indicate that these findings can be attributable to the statin therapy.  

Adverse effects 

The occurrence of adverse effects from current statin therapy in the present study was in 

accordance with a similar Dutch study where 27.4% had adverse effects from current statin 

therapy (182) . However, these rates are higher than the rates of adverse effects found in 

RCTs. Saxon et al, proposes that the exclusion of certain patients from RCTs such as elderly, 

patients with comorbidities, and those with prior history of or current muscle-related 

symptoms leads to these results (183). In RCTs standard dose statin treatment typically 

confers an excess risk of myopathy of 0.01% (184, 185). This percentage derives from 

subtracting the rate of adverse effects in placebo from active medication. The Heart Protection 

Study found an occurrence of muscle pain of approximately 30% in both the simvastatin and 

placebo group (185). Without a control group it is difficult to assess adverse effects caused by 

the medical treatment.  

Compared to observational studies muscular symptoms was more common in our study. In 

another study, 10% reported having muscular symptoms due to statin therapy, which is less 

than half of what we observed (186). Furthermore, comparing rates of adverse effects in 
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different studies can cause problems, as the rates depend on how adverse effects are 

measured. Use of questionnaires allows for a subjective assessment of the presence of adverse 

effects, while assessment by a doctor gives an objective evaluation and might affect the 

results. As we only assessed adverse effects from current used medication, it is probable that 

the prevalence of those experiencing adverse effects would have been even higher if we 

assessed both current and former medication.  

Patients with no statin therapy at V3 

It is interesting to increase the knowledge about why some FH-patients choose not to be 

treated with statins, and accepts the elevated cholesterol levels and being at high CV risk. 

Benn et al found that non-statin treated FH-patients had a 13-fold increased CVD risk 

compared to statin treated FH-patients (187). Adherence rates to prescribed drug regimens are 

low among patients with chronic diseases (188, 189). The World Health Organization reports 

that adherence among patients suffering from chronic disease is on average 50%. In our 

population 8.3% were off statin therapy, however, this in an underestimation of the adherence 

rate as general adherence towards medical regimes was not registered. Good adherence is 

necessary to prevent CVD in FH-patients, and for these 8.3% completely non-adherent 

patients in our study the consequences can be fatal. Many had cholesterol levels as untreated 

FH-patients. Importantly, 25% of the patients off statin therapy had a history of a CV event.  

The World Health Organization proposes that five dimension affects the patient’s adherence; 

i) social and economic factors, ii) health care team and system-related factors, iii) condition-

related factors, iv) therapy-related factors and v) patient-related factors (189). The reasons for 

not using statin therapy in our study can mainly be classified as patients-related factors 

(preference for herbal medicine and forgetting to renew prescription, not restarted statin 

therapy after pregnancy/breastfeeding and non-compliance) and therapy-related factors 

(adverse effects, not restarted statin therapy after pregnancy/breastfeeding). Adverse effects 

and lack of medication are known reasons for non-adherence among FH-patients (182). 

Moreover, some patients might have a weakened risk perception, leading to an absent 

understanding of the CV risk untreated FH entails and the importance of compliance towards 

the treatment. Others might deny the disease, and cannot put up with the increased CVD risk. 

It is also conceivable that the health care team and system-related factors are partly to blame. 

Is there suboptimal communication between the patient and the doctor? Are the doctors not 
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skilled enough to explain why the patients need statin therapy? Does the doctor blame the 

patient for the non-adherence? Further, social and economic factors might play a role in the 

decision about statin therapy. If the patients are aware of that statins might give adverse 

effects, either from the patient’s acquaintance or from publicity in media, it is easy to apply 

these finding to them self. It is unlikely that statins constitute any meaningful excessive 

additional cost for these patients, as they are entitled to get the medication on blue 

prescription (124). Most likely the fundamental reasons for refraining statin therapy is a 

mixture of several of these factors. Nevertheless, it is important that the doctor takes the 

patient’s thoughts and concerns into account, and explains the importance of statin therapy to 

prevent CVD. 

Lipid values 

Pre-treatment TC and LDL-C was lowered with 42.9% and 47.9% to V1. Further, TC and 

LDL-C was lowered with 8.9% and 15.8% from V1 to V3, respectively. Thus, our study 

shows that in a real life setting it was possible to achieve a 63.7% reduction in LDL-C after a 

treatment period of eight to ten years. This is important information useful for health 

economics to better understand the role of PCSK9 inhibitors in the current therapeutic 

landscape. Until V1, this reduction was mostly attributable to the statin therapy. But diet and 

lifestyle modification might also have contributed. From V1 to V3, other LLMs like 

ezetimibe and resins contributed to the further reduction. As a consequence of the reduced 

levels of TC and LDL-C, nonHDL-C was reduced. The treated lipid values at V3 are in line 

with other similar studies. In these studies LLM also resulted in a major reduction of pre-

treatment cholesterol levels (164, 182).  

As we included patients off statin therapy at V3, we might have underestimated the effect of 

the lipid lowering treatment given full compliance. By excluding the 13 patients who were off 

statins, we got a more precise picture of the attainment with the treatment. The lipid values at 

V3 became somewhat better, with mean values of TC at 4.9 mmol/L (95% CI: 4.7, 5.0 

mmol/L), LDL-C at 3.0 mmol/L (95% CI: 2.9, 3.1 mmol/L) and ApoB at 1.0 g/L (95% CI: 

1.0, 1.1 g/L). The other lipid values remained unchanged.  

Although TC and LDL-C was reduced in a significant manner, only 40% met the treatment 

target of a LDL-C <2.5 mmol/L at V3. This indicates that despite aggressive treatment in the 

majority of the patients they were still not sufficiently treated. However, compared to other 
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similar studies, we had a higher proportion meeting the treatment target. In a study from the 

Netherlands, 21% had an LDL-C <2.5 mmol/L (164), however a lower proportion was treated 

with maximum statin dose than our population. In the SAFEHEART-trial, were 71.8% of the 

FH-cases where at maximum LLM, only 11% achieved an LDL-C <2.5mmol/L. A treatment 

target of LDL-C <2.5 mmol/L might be ideal in healthy young FH adults, but it is 

questionable whether it is realistic without use of PCSK9-inhibitors. Although the treatment 

targets are not met, the CV risk is substantially reduced. Versmissen et al showed that among 

FH-patients free from CVD relatively modest doses of statins reduced the risk of CHD by 

about 80% (102). Since increased LDL-C is the cause of the disease we can assume that the 

CVD-risk is greatly reduced among the patients in our study despite failure to meet the 

treatment target for many. 

Further, 93.7% of those at very high CV risk at V3 were not sufficiently treated, and did not 

meet the target of an LDL-C <1.8 mmol/L. Possible explanations of the low achievement of 

the treatment targets will be further discussed.  

A higher proportion of patients treated with a high intensity statin met the treatment target of 

an LDL-C <2.5 mmol/L, than patients treated with a moderate intensity statin (45.0% vs. 

22.2%), indicating that a number of the patients treated with a moderate intensity statin might 

expect an additional LDL-C lowering effects of changing to a statin with higher potency. 

However, despite treatment with a high intensity statin, no higher proportion of patients 

meeting the secondary treatment target of an LDL-C <1.8 mmol/L was observed compared to 

moderate intensity statin therapy. It may be speculated if patients with a reduced LDL-C 

lowering response to statins may have particular mutations. There are five classes of LDL-R 

gene mutations, where the first two are receptor negative mutations, leading to no production 

of the LDL-R. The remaining classes are receptor defective mutations, where the receptor is 

produced but exerts a reduced activity (190). Different mutations are associated with 

variances in pre-treatment LDL-C levels (191) and LDL-C lowering response to statins (192). 

Mutations leading to more functional receptors are “milder”, for example class V compared to 

class II (190). Since we did not register class of mutations in our study, we cannot investigate 

if there is differential response to the drug therapy based on the mutations. Further, genetic 

polymorphisms of the drug metabolism might result in different effects of statins (193). 

Furthermore, non-adherence towards the treatment could be a factor decreasing the efficacy of 

lipid lowering treatment. 
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Using two or more LLMs may compensate for the insufficient effects of statins. One third of 

the patients treated with only one or no LLM had an LDL-C <2.5 mmol/L, whereas half of the 

patients treated with two LLMs met the target. However, this trend was not observed for 

achievement of an LDL-C <1.8 mmol/L. When comparing treatment with three LLMs against 

two or less LLMs, no difference in the achievement of either LDL-C <2.5 mmol/L or <1.8 

mmol/L was seen. These findings suggest that FH-patients have difficulties achieving a low 

cholesterol levels even when treated with aggressive LLM. Further the finding of that among 

18.4% of the patients who did not receive changes in the medication at V3 due to maximum 

treatment with triple LLM, implicates the need for even more potent lipid lowering therapy.  

During the study period TG increased with 16.7%, explaining why TC and LDL-C did not 

decrease in the same manner. In addition, apoB increased with 10%. A concomitant decrease 

in LDL-C and increase in TG and ApoB, in addition to an elevated nonHDL-C indicates an 

increased level of small dense LDL- and remnants particles. These particles contain apoB and 

are highly atherogenic (194). Resins have a slight TG-raising effect due to an increased 

synthesis of VLDL (195, 196); however the observed increase in TG was not associated with 

resin therapy.  

Metabolic risk profile 

Fasting glucose and HbA1c increased with 10.5% and 7.0%, respectively, during the study 

period resulting in that on average the FH-population was classified as pre-diabetic at V3. 

However, without a control group it is difficult to interpret that many developed reduced 

glucose tolerance and insulin resistance. Colesevelam has a modest lowering effect on fasting 

glucose and HbA1c (197). The observed increase in fasting glucose and HbA1c could have 

been lower in patients treated with colesevelam, but this was not the case in the present study. 

Further, it is conceivable that muscle pain as an adverse effect, could lead to reduced physical 

activity, and further an increased HbA1c, as regular physical activity affects glycaemic 

control positively (198). However, the increase in HbA1c was not different for patients with 

or without muscular adverse effects or adverse effects in general. 

Further, we observed an increase in weight and BMI for both genders and in WC among men 

from V1 to V3. Findings from epidemiologic studies shows that in developed countries aging 

up to 50-60 years of age is associated with weight gain (160, 199). The same applies to the 

prevalence of MetS (200). At V3, approximately 30% was diagnosed with MetS, which is 
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similar to what was found in a cross-sectional analysis of age-matched participants from 

HUNT 2 (200). Although this could be seen at as a normal development, it is concerning in 

this population as presence of MetS places the FH-patient at a higher CV risk (201, 202). The 

increase in WC was about 6 cm among men; in comparisons Cerhan et al found that every 5% 

increase in WC was associated with a 7% increase in all-cause mortality among men. 

However, caution should be made when interpreting the finding of an increased WC, as 

comparisons of WC at V1 and V3 was only carried out in 22 men and 20 women, due to a 

heavy load of missing in WC at V1. The comparisons of WC between men at V1 and V3 

(table 9c) and V2 and V3 (table 9b) yielded different means at V3 than the mean for the total 

sample of 74 men at V3 (table 1). There are also similar findings among women. Thus, the 

increase in WC might have been overestimated due to that those who measured WC at V1 

were the ones whit the largest increase during the study period.  

The prevalence of MetS was somewhat similar when using the IDF and NCEP ATP III 

criteria, with a slightly higher proportion diagnosed with NCEP ATP III. As the IDF criteria 

require presence of a larger WC it was not possible to set the diagnosis for four patients, since 

measures of WC was missing and presence of other criteria was sufficiently to set the 

diagnosis if the WC was high. Thus we can assume that both definitions diagnose MetS to the 

same extent, given that all criteria are measured. 

On average the patients had a WC above the threshold set by the NCEP ATP III. Several were 

classified as having abdominal obesity, especially among the women. As the diagnosis of 

MetS is based on the presence of several metabolic risk factors not only abdominal obesity, a 

number of these patients were classified as non-metabolic. An increased WC could be 

interpreted as a sign of an unhealthy development towards the MetS, and effort should be 

made to prevent this. Presence of abdominal obesity gives an unhealthy impression of the 

body composition. However, we did not measure hip circumference and calculated waist/hip-

ratio. Waist/hip-ratio is an estimate of the amount of visceral fat relative to the amount of 

subcutaneous fat, and shows a stronger relation to risk of MI than WC alone (203). Measuring 

of waist/hip-ratio could have given a better impression of the body composition, especially 

among women as men are more prone to accumulate visceral fat (204). Further, waist/hip-

ratio was shown to be a better predictor of MI-risk in the INTERHEART study (203). 

The increase in TG and ApoB can be considered as a result of the abdominal obesity and 

development of insulin resistance. In addition, it is often accompanied by a decrease in HDL-
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C, which we did not observe among our patients. In a study with insulin-sensitive, insulin-

resistant and untreated subjects with DMT2, insulin resistance had profound effects on 

lipoprotein size and concentrations for VLDL, LDL and HDL. Compared with insulin-

sensitive subjects, subjects with insulin resistance and DMT2 showed a 2- to 3-fold increase 

in concentrations of VLDL and a concomitant increase in TG. Concentration of LDL-particles 

increased in addition to number of small LDL-particles (205). It is therefore likely to assume 

that the increase in TG and apoB in our population could be attributable to the development of 

insulin resistance. 

The concerning finding of that FH-patients, who receive regular follow-up with health 

professionals, develop MetS to the same extent as the general population might imply that 

FH-patients receive treatment for their FH, but the treatment of MetS could be improved. 

Hypertension is treated, as seen out of the proportion treated with antihypertensive 

medications and the average BP in the FH-population. On the other hand, abdominal obesity, 

elevated TG and insulin resistance is not the main focus in the FH-treatment. Little is known 

about what risk presence of MetS constitute in FH-patients. As mentioned in section 1.3.4, 

presence of MetS is associated with a 2-fold increased CV risk in the general population (65), 

and we can assume that it is at least as applicable to FH-patients. It is also possible that the 

risk is multiplied together with the risk FH constitutes. This should be evaluated in larger 

prospective studies. Nevertheless, presence of MetS is a CV risk factor, and effort should be 

made to prevent the development towards a metabolic profile. Regular monitoring of the 

factors involved in the MetS, as well as taken action when a negative trend is seen is 

important. Presence of MetS indicates a more aggressive modification and treatment of risk 

factors (10).  

Diet and lifestyle 

From V1 to V3 SmD-score increased, and a higher proportion of the patients had SmD-scores 

classified in the top category, which might be explained by the increased score in the meat- 

and vegetable-category. Although the SmD-score was relatively high, the intake of 

particularly foods could have been better. We observed an increase in the intake of vegetables 

from V1 to V3 and of fruit and vegetables together from V2 to V3, which is a development in 

the right direction. However, the intake of fruit and vegetables may advantageously be 

increased. We recommend an intake of five portions fruit and vegetables daily, were 
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vegetables constitute one half (133). No more than one third had an intake above four portions 

a day, and how many of those who had an intake of five portions a day are probably less. By 

increasing the intake of fruit and vegetables, the intake of fibre, vitamins and minerals 

consequently increases. In addition to having a hypocholesterolemic effects, fibre increases 

satiety, which could have beneficial effects considering counteracting weight gain and 

improving weight loss (206). Adding fibre to the diet slows the increase in glucose levels and 

consequently the secretion of insulin, preferably among individuals with DM or impaired 

glucose tolerance (206). Furthermore, by increasing the intake of fruit and vegetables other 

less favourable foods, like cakes, snacks and candy, can be replaced and provide further 

beneficial effects. However, the merging of the different SmD-variants considering the 

questions about fruit and vegetables could have biased our results. To get enough data on 

intake of fruit and vegetables, we had to merge the separate questions about intake of fruit and 

vegetables, leading to that 10% of those eating less than one fruit and less than one vegetable 

a day was classified as having an intake of two to four portions of fruit and vegetable 

together.   

Compared to V2 the fish-intake was higher at V3, but no difference between V1 and V3 was 

observed. The intake of fish could generally been higher. Fatty fish is a good source of marine 

omega-3 fatty acids. It has been alleged that omega-3 fatty acids has cardioprotective effects, 

especially anti arrhythmic effects (207). However as mentioned earlier, recent research has 

questioned these findings (174-176). Though, half of the patients used omega-3 supplements 

on a regular basis at V3, we did observed a markedly decrease in the use of omega-3 capsules 

from V1 to V3 which might can be attributable to the loss of credibility of omega-3. 

Nevertheless, both lean and fatty fish are low in saturated and high in unsaturated fat, and 

should be eaten regularly as a part of a cardioprotective diet.   

It is possible to gain weight even with a relatively high SmD-score. Vegetable oils, nuts and 

fatty fish are important components of a cardioprotective diet, but they contain high amounts 

of fat and are energy-dense. A long-term unrestricted intake of such foods can potentially lead 

to weight gain. A high intake of sugar-sweetened beverages and energy-dense foods without 

compensatory high energy expenditure, often leads to weight gain and overweight (134) . We 

did not evaluate intake of snacks, sugar-sweetened beverages and candy as individual 

subgroups. An increase in the intake of such foods might be masked by an improvement in 

other non-registered subgroups, as whole grain bread. However, based on the practical 
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experience from the dietary consultation with the patients the impression is that most patients 

reported to have a relatively reasonable intake of these foods during the whole study period.  

In SmD most attention is given to the intake of amount and type of fat, since restriction of 

saturated fat is the main focus in the dietary treatment of FH. Less attention is given to 

sodium intake. A high sodium intake does not affect the cholesterol level, however it is 

associated with higher BP levels (134). As hypertension is a CV risk factor, it is important to 

prevent the development and treat established hypertension. Elevated BP is also an important 

factor in the MetS. Since MetS is present in many FH-patients, a reduced sodium intake 

should also be in focus in the dietary counselling together with a reduced fat intake.  

When it comes to physical activity, not more than half of the patients met the 

recommendation of 150 minutes weekly with physical activity at all visits. Probably the 

proportion was even smaller. As the SmD-results was relatively good, it is reasonable to 

assume that the relatively low level of physical activity partly can explain the weight gain and 

the development of metabolic traits observed in our population. In addition to have 

cardioprotective effects (80), moderate aerobic exercise on a regular, long-term basis has 

profound effects on glucose metabolism and insulin sensitivity (83). Engaging in regular 

physical activity is also associated with reduced amount of abdominal fat (208). Diet is 

already given much attention in the treatment of FH, but it is also important to focus on the 

importance of regular physical activity to prevent CVD and MetS. 

During the study period we did not observe any significant changes in smoking habits. Even 

though national anti-smoking campaigns have been carried out several times during the last 

decades, and doctors and clinical dieticians at the Lipid Clinic has informed about the 

severely increased CV risk resulting from smoking, approximately 14% were still classified 

as smokers at V3. Emphasis should be made in smoking cessation on the remaining smokers. 

We cannot rule out that the reported dietary and lifestyle results are biased. As mentioned 

earlier, pleasing bias can occur in the consultations between the patient and a clinical 

dietician/doctor. Further, the focus on only dairy products, meat, fish and fruit and vegetables 

may have led to that we missed valuable information about the intake of other foods that 

might have affected the increase in SmD-score and improvement in the category distribution. 

Physical activity and intake of fruit may vary with the seasons of the year. However, V3 part I 

was carried out during the fall and winter season, while V3 part II mainly was carried out 
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during the late winter and fall season, and thus counterbalanced each other. Thus, we choose 

to interpret the increase in SmD-score as an improvement in the patient’s dietary habits. Each 

time they fill out SmD, they learn more about the components in a cardioprotective diet. 

Regular monitoring and a greater number of counselling sessions enhance the compliance 

towards the given advices (209). Over the years they have become more skilled in making 

cardioprotective food choices.  

Patient’s preferences concerning the treatment 

The patient’s preference form was only collected at V1 and V3. During the study period, most 

of the patients still partly or fully agreed to the statement “a healthy lifestyle is as important as 

medicines” and “I prefer to have as low cholesterol as possible”. Further, one question 

showed a significant change from V1 to V3. At V1, 61.7% stated that they fully or partly 

disagreed to whether they wanted little side effects rather than low cholesterol; whereas 

20.0% stated that they were fully or partly agree to the statement. At V3, 40.8% fully or partly 

disagreed with the statement, while 33.3% fully or partly agreed, meaning that a larger 

proportion of the patients expressed having a higher preference for not having adverse effects 

than a low cholesterol level at V3. This could potentially lead to that patients choose to reduce 

their dosage or cessation of LLM if they feel any discomfort that could be related to their 

medication.   

 Comparisons of patients with and without CVD at V3 5.2.2

Despite the fact that the CHD mortality among FH-patients markedly decreased after the 

introduction of statins (102, 210), CHD mortality is still high (22). Investigating if the patients 

with CVD differ from those without CVD is of highly interest in order to consider which 

preventive actions to focus on, both to prevent incident and recurrent CVD. 

The rate of CVD in the present study is consistent with findings from a retrospective 

assessment of FH-patients in Dutch lipid clinics. Further, they showed that male gender, 

smoking, low HDL-C and high Lp(a) appeared to be significant risk factors for CVD, 

somewhat consistent with our findings (29).  
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Age and gender characteristics  

Patients with CVD at V3 were significantly older than patients without CVD, and most of 

them had experienced a coronary event. These findings are similar to findings in a study of 

Mundal et al. using hospital discharges from 1994-2009 to reflect the burden of CVD 

morbidity among FH-patients registered in the National Unit for Cardiac and Cardiovascular 

Genetics (11). FH-patients were first time hospitalised for CVD at a mean age at 45.1 years, 

consistent with our results with an age of 45.7 years at first-time CV event. In comparison, the 

mean age for first CVD event was 64.9 years in the general population in the same time 

period (211). 

Not surprisingly, there was a predominance of men among patients with CVD, since male FH 

patients tends to have an accelerated CHD risk compared to both the general population and 

women with FH (212). As the non-CVD on average was younger and had a higher proportion 

of women, we can assume that the proportion of women with CVD will increase in about ten 

to 15 years. 

Patients with CVD were older at FH-diagnosis compared to patients without CVD, and were 

about the same age as Mundal et al. patient population (11). Seen in context with the higher 

pre-treatment values of TC in the CVD-group, this might be indicative of an increased 

accumulated cholesterol burden and consecutively a very high risk of CVD (9). These 

findings underscore the importance of early detection and treatment of FH. 

The patients without CVD were on average older than the mean age at first CV event in the 

CVD-group, which may indicate that other factors protect the non-CVD group from 

developing CVD, for example a more favourable CV-risk profile during their lifetime.  

Presence of CVD at time of death 

Mundal et al. found in a registry-based study on mortality among Norwegian FH-patients that 

CVD was responsible for 46% of all deaths from 1992 to 2010 (22). In our study, CVD was 

established among 50% of the patients who died, and it is likely that CVD was the cause of 

death in many cases. As Mundal et al. pointed out, CVD was responsible for 37% of deaths in 

the Norwegian population in 2010, demonstrating that FH patients still have significantly 

increased CVD mortality compared with the general Norwegian population. 
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Presence of metabolic risk factors 

Patients with CVD had more metabolic risk factors at V3 compared to those free of CVD. On 

average, patients with CVD had levels of fasting glucose and HbA1c well within the criteria 

of prediabetes (85). Furthermore, higher WC among men, higher levels of TG and tendency 

towards lower levels of HDL-C in both genders with CVD, resulted in more than twice as 

many patients with CVD having MetS compared to the non-CVD group. This finding is 

concerning, as patients with FH and established CVD already has a high risk of recurrent CV 

events and increased CV mortality (11). Presence of MetS and metabolic risk factors will 

further increase the CV risk to an even higher extent (65).  

The finding of a higher occurrence of abdominal obesity among men with CVD compared to 

men without CVD supports the hypothesis of that accumulation of visceral fat increases the 

CV risk. The presence of abdominal obesity was apparent in both women with and without 

CVD. Likely this could be affected by the lack of waist/hip-ratio as mentioned in section 

5.2.3. If we had measured waist/hip-ratio, we might detect a difference between women with 

and without CVD.  

Lipid values and medications 

Remarkably, we found no differences between the two groups concerning values of TC and 

LDL-C at V3. Patients with established CVD have more stringent LDL-C targets to 

compensate for the excess CVD risk. Thus they need more aggressive lipid lowering 

treatment, which we observed as a higher proportion of the patients with CVD were treated 

with a high intensity statin. It is tempting to speculate if a model suggested by Nordestgaard 

et al could explain the reasons for not observing any differences in TC and LDL-C despite a 

more aggressive lipid lowering treatment in the CVD-group (9). The presence of one or more 

CV risk factors will increase the cholesterol burden and lead to a shift towards an earlier 

threshold for CHD. We found that patients with CVD had higher a higher proportion treated 

with antihypertensive medication, a higher proportion of males, and presence of metabolic 

risk factors leading to a higher proportion with MetS. In addition, patients with CVD had 

higher pre-treatment TC and were diagnosed and initiated treatment for FH around a decade 

later than the patients without CVD, suggesting that patients with CVD have a higher 

cholesterol burden. As mentioned earlier, different mutations in the LDL-R may affect the 

effectiveness of statin therapy. Thus, patients with established CVD might have a severer 



76 
 

mutation. Further, non-adherence towards the treatment could lead to a reduced LDL-C 

lowering effect. However, are patients with CVD non-adherent? These patients receive more 

frequently contact with doctors and take several medications daily than preferably healthy and 

asymptomatic patients. The probability of forgetting to take the LLM is assumed to be small.  

Moreover, if adherence to the treatment was low before the CV event, the CV event may have 

led to an increase in the understanding of the importance of being adherent. Nevertheless, 

three patients (6.1%) patients with CVD were not treated with statins, indicating that also this 

patient group are prone to be non-adherent.  

Diet and lifestyle 

There were no major findings concerning differences in the diet between patients with or 

without CVD, as both groups had a relatively cardioprotective diet. We used the SmD-results 

from V3, which were collected after the patients had experienced their CV event(s). If the 

patients with CVD had an unhealthier diet before the CV event(s), there is a chance that the 

incident affected the patient’s diet towards a healthier direction. We could have conducted 

analyses of the dietary habits of patients with or without CVD at V1; however since around 

20% had experienced one or more CV events prior to V1 we would still not fully avoided this 

problem. 

Patients with CVD eat more fish than the patients without CVD. As mentioned, the CV event 

could have affected the patient’s diet, and resulted in a higher intake of fish since fish is an 

important component of a cardioprotective diet. However, if the patients increased their intake 

of healthy foods as a consequence of the CV event, we could also expect that the intake of 

fruit and vegetables increased. Here we observed the opposite, with a higher intake of 

vegetables among the patients without CVD.  

No differences were observed regarding physical activity, no more than half of the population 

met the recommendations of 150 min weekly. Physical activity is as least important in 

secondary prevention of CVD as in primary prevention (213). However, it should be 

emphasized that patients with CVD need guidance and individual adaption to exercise 

training from physiotherapists. Many of the patients experienced their CV event years ago, 

thus the motivation and drive to be physical active might be reduced. In addition, increasing 

age could have led to reduced amount of physical activity due to disability and occurrence of 
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other diseases. However, it is important that patients with CVD get reminded of the 

importance of being physical active to prevent recurrent CV events. 

There was no difference in the proportion who reported to be current smokers, but a greater 

proportion of former smokers in the CVD-group than in the non-CVD-group (36.7% vs. 

19.6%, respectively) were observed, reflecting that a higher proportion of patients with CVD 

had quit smoking. If the CV event itself of other factors led to the smoking cessation, is 

uncertain. Nevertheless, it is positive that some patients with CVD choose to quit smoking. 

Beneficial effects of smoking cessations on CV risk factors are observed within a year (214). 

For light smokers, the excess CV risk dissipates within five years. In contrast, moderate and 

heavy smokers have an excess CV risk for decades after cessation (53). As smoking greatly 

increases the CV risk, patients with FH should be strongly encouraged not to start smoking in 

the first place and effort should be made to motivate the remaining patients to quit, both those 

with and without CVD. 
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6 Conclusion 
First, in the present study we found for the whole FH-population that: 

1. The FH-patients was clinically diagnosed late, on average in their early thirties.  

2. The vast majority of the patients were treated with a high intensity statin and/or 

ezetimibe in combination with a statin. 27.6% was treated with colesevelam, where all 

patients except one patient used it as a triple LLM. Few patients used high dose 

omega-3 or PCSK9-inhibitors. 29.5% used antihypertensive medication, and 12.2% 

was treated with glucose lowering medications. The patients had approximately been 

treated with statins the last 19 years, which might have led to somewhat increased 

occurrence of DM.  

3. Statin and colesevelam was the LLMs giving adverse effects, where around 30% of 

the patients experienced adverse effects from these two LLMs. The adverse effects 

from statins were mostly muscular, while from colesevelam all were gastrointestinal.  

4. 13 patients, with a predominance of women, were off statin therapy, where adverse 

events or scepsism toward statins were mostly reported as reasons for not using 

statins. Other reported reasons were delayed start of statin therapy after 

pregnancy/breastfeeding and forgetfulness. TC and LDL-C ranged from 5.2-12.0 

mmol/L and 2.9-9.4 mmol/L, respectively. Three of the patients had established CVD.  

5. On average, the FH-patients had a TC and LDL-C of 5.1 mmol/L and 3.2 mmol/L, 

respectively. Levels of HDL-C and TG were within the normal range. Despite 

aggressive treatment, only 40% met the primary treatment target of an LDL-C <2.5 

mmol/L. The secondary treatment target of an LDL-C <1.8 mmol/L was only met by 

6.3% of the patients with established CVD, DM or who was diagnosed after 40 years 

of age.  

6. Fasting blood glucose and HbA1c was slightly elevated with average levels of 5.7 

mmol/L and 5.8%, respectively, which is in the lower range of the criteria of pre-

diabetes.  
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7. The FH-patients was slightly overweight, and 35.1% of the men and 53.0% of the 

women had abdominal obesity. MetS was present among approximately 30%, and 

several others were at risk for developing MetS. 

8. The FH-patients had a relatively cardioprotective diet, reflected by a SmD-score in the 

upper end and a high proportion in the two top categories. The subgroup-results were 

mostly satisfactory, except that the consumption of fish, fruit and vegetables could 

have been somewhat higher. Further, most FH-patients had moderate alcohol intake. 

The amount of physical activity was somewhat low, where 51.3% was physical active 

in 30 minutes at least three times a week. Although smoking is a strong CV risk factor, 

14.2% was smokers.  

9. Most of the FH-patients considered a healthy lifestyle as important as LLM and 

wanted their cholesterol level to be as low as possible. However, 41% could not accept 

to have adverse effects in order to achieve a low cholesterol level.  

Second, we measured changes from V1 to V3 in the FH-population, and found that: 

10. It is possible to reduce TC and LDL-C to a great extent with aggressive lipid lowering 

treatment. In contrast, TG was slightly increased together with markedly increase in 

fasting glucose and HbA1c. 

11. An unfavorable trend in the body size and composition was seen throughout the whole 

study period. WC increased considerable among men, and weight and BMI increased 

in both genders withthree3 kg and one unit, respectively. 

12. SmD-score increased from V1 to V3 with nearly one point, and the proportion with a 

SmD-score in the lowest category was more than halved. Several small, but positive 

changes were observed during the study period, like a higher point-score for the intake 

of meat, fish, fruit and vegetables. No changes in amount of physical activity, smoking 

and alcohol consumption was observed. There was no difference in the proportion of 

smokers at the different visits, indicating that the patients who smoke were not willing 

or able to quit, or that the health professionals were not able to profoundly motivate 

them to smoking cessation. 
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13. The only change in the patient’s preference was that a higher proportion of the patients 

expressed having higher preferences for not experiencing adverse effects than having a 

low cholesterol level at V3 compared to V1.  

Last, by comparing patients with CVD against those without CVD we found that: 

14. Patients with CVD were older at V3 and diagnosed with FH approximately 11 years 

later than patients without CVD. The patients got premature CVD with the age at first-

time CV event of 45 years on average. 

15. A significantly higher proportion among the patients with CVD was treated with a 

high intensity statin, triple LLM and antihypertensive medication. No difference in the 

use of two or more LLM, blood glucose lowering medication was seen. 

16. Patients with CVD had 1.6 mmol/L higher pre-treatment levels than patients free from 

CVD. No difference in TC and LDL-C was seen at V3. Levels of TG, HbA1c and 

fasting glucose was higher among patients with CVD. On average the patients with 

CVD was classified as pre-diabetic.  

17. Males with CVD had a higher WC and a higher proportion with abdominal obesity 

than males without CVD. Though a high proportion of women with CVD had 

abdominal obesity, the proportion was not significantly higher than the women 

without CVD. The increased WC and metabolic blood parameters and a higher 

proportion of patients with CVD treated with antihypertensive medication led to that 

around 50% of the patients with CVD was classified as having MetS. In comparison, 

the prevalence of MetS among patients without CVD ranged from 16.8% to 22.4% 

depending on the definition.  

18. Both groups had a relatively cardioprotective diet, where patients without CVD had a 

higher intake of vegetables, and patients with CVD had a higher intake of fish. Both 

groups had a moderate intake of alcohol, and where physical active to the same extent.  

The amount of physical activity was disappointing; with only half of the patients in 

both groups were physical active in 30 minutes at least three times a week. The only 

lifestyle variable that differed between the two groups was the proportion of former 

smokers, which was significantly larger in the CVD-group.   
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7 Clinical implications and future 
perspectives 
Our findings suggest that patients with FH have difficulties reaching the treatment targets in 

primary and secondary prevention despite aggressive lipid lowering treatment, which might 

implicate the need for more efficient therapies. Further, despite frequent contact with health 

professionals FH-patients tend to develop in a metabolic direction to the same extent as the 

general population. To avoid the development of MetS, it is important that health 

professionals’ measures anthropometric data and initiates actions if an unfavorable trend are 

seen. Dietary counseling is an established and important part of the treatment provided at the 

Lipid Clinic, however focusing on the importance of physical activity and facilitate physical 

activity should also be emphasized. Also, emphasis to help and motivate smokers to quit 

smoking should be made. As patients with CVD were diagnosed with FH late in life and had 

higher pre-treatment TC early detection of FH and initiation of aggressive lipid lowering 

treatment and establishing healthy dietary and lifestyle habits is important. Systematic 

screening is critical to diagnose new FH-patients; where cascade screening is most cost-

effective.  

Future perspectives for the study are first of all to complete V3 for the whole study 

population, with a special emphasis to reach the patients who no longer are registered as 

patients at the Lipid Clinic. Since we were not able to investigate Lp(a) levels among the 

patients on average, and among patients with and without CVD, that should be in focus 

during the next visits of TTT-FH. Second, proceeding with new visits in the future is of 

interest. Further investigating of what distinguishes the patients with CVD from the patients 

without CVD is important to generate hypothesis, which further can be examined in larger 

observational studies of FH-patients. The risk MetS poses for FH-patients are uncertain, and 

should be subject to further research.   
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Criteria  Points 
Family history 
First-degree relative with known premature* coronary and vascular disease, OR 
first-degree relative with known LDL-C level above the 95th percentile. 

1 

First-degree relative with tendinous xanthomata and/or arcus cornealis, OR 
children aged less than 18 years with LDL-C level above the 95th percentile.  

2 

Clinical history 
Patient with premature* coronary artery disease 2 
Patient with premature* cerebral or peripheral vascular disease 1 
Physical examination 
Tendinous xanthomata 6 
Arcus cornealis prior to age 45 years 4 
Cholesterol levels (mmol/L) 
LDL-C ≥ 8.5 8 
LDL-C 6.5-8.4 5 
LDL-C 5.0-6.4 3 
LDL-C 4.0-4.9 1 
DNA-analysis 
Functional mutation in the LDL-R, apo B or PCSK9 gene 8 
Diagnosis (based on the total number of points obtained) 
Definite FH >8 
Probable FH 6-8 
Possible FH 3-5 
Unlikely FH <3 
 

                                                                      

 

Appendix 1. The Dutch Lipid Network Criteria diagnostic criteria of Familial 
hypercholesterolemia 

Appendix 1. The Dutch Lipid Network Criteria diagnostic criteria of Familial Hypercholesterolemia



Appendix 2. The doctors formAppendix 2. The doctors form











Appendix 3. Smart Diet - version 2003Appendix 3. Smart Diet version from 2003.Appendix 3. Smart Diet version from 2003.
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Forespørsel om deltakelse i forskningsprosjektet 

 

”Treat To Target Familiær Hyperkolsterolemi” 
 

Bakgrunn og hensikt 

Ved dette spør vi deg om å delta i oppfølgingen av forsknings- og kvalitetssikringsstudien som du 

deltok i årene 2006-07, Treat To Target – FH studien. Man foretar nå en 8-9 års oppfølging, for å se 

hvordan det har gått disse årene både vedrørende intensivert behandling, lipidverdier, bivirkninger, 

risiko og hjertekarhendelser. Man undersøker også effekten av livsstilsendringene.     

 

Hva innebærer studien? 

Studien innebærer at du møter ved Lipidklinikken, eller at du deltar ved et telefonintervju.  

Konsultasjonen ved Lipidklinikken vil fungere som en vanlig lege- og klinisk ernæringsfysiolog 

kontroll.  

Hvis du ønsker telefonintervju, vil bli spurt om ”de vanlige journalopplysningene” som blant annet 

vekt, høyde, blodtrykk, lipidverdier, allergier, kosthold, sykdommer i denne perioden, medikamentbruk 

og eventuelle bivirkninger av dem. Du vil også bli spurt om å fylle ut SmartDiet, som du kjenner til, og 

vil få tilbud om en egen samtale med en trenet student i klinisk ernæringsvitenskap.   

Dersom det er mer enn 6 måneder siden du sist målte lipidverdiene, eller dersom du har endret 

behandlingsopplegget siden forrige blodprøve, eller dersom tidligere prøver ikke inneholder alle 

blodprøvesvarene vi ser etter, vil du bli spurt om å avgi en ny blodprøve.   

 

Fordeler og ulemper 

Ulempen ved deltakelsen vil være forbruket av tid. Fordelen vil være at du får en ny gjennomgang av 

sykehistorien og behandlingsopplegget. Mange av vår pasienter har uforholdsmessig langt ventetid 

mellom kontrollene ved Lipidklinikken, ofte opptil 2-3 år. En ny gjenomgang med oppdatering om de 

siste nyheter vedrørende medisiner, hjertesykdom, livsstil og om hva som rører seg i feltet, vil oftest 

være nyttig. Du vil få tatt opp dine dagsaktuelle problemer. 

 

Hva skjer med prøvene og informasjonen om deg? 

Informasjonen som registreres om deg, vil bli sammenfattet i et vanlig klinisk journalnotat, og sendt til 

deg selv og dine leger, slik som alltid tidligere fra overlege Kjell Erik Arnesen. Data vil også bli 

registrert i en database, og bruk til forskning og forbedring av våre tiltak og rutiner. 

Forskningsopplysningene og prøvesvarene vil bli behandlet uten navn og fødselsnummer, eller andre 

Appendix 5. Written informed consent.
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direkte gjenkjennende opplysninger. En kode knytter deg til dine opplysninger og prøver ved en 

navneliste. Det er kun autorisert personell ved prosjektet som har adgang til navnelisten, og som kan 

finne tilbake til deg.  Det vil ikke være mulig å identifisere deg i resultatene av studien, når disse 

publiseres. 

 

Frivillig deltakelse 

Det er frivillig å delta i studien. Du kan når som helst, og uten å oppgi noen grunn, trekke ditt samtykke 

til å delta i studien. Det vil ikke få konsekvenser for din videre behandling ved Lipidklinikken. Ved 

fremtidige oppfølginger ved nye visitter i TTT-FH prosjektene, vil du bli forespurt. Det vil da bli 

innhentet et nytt samtykke.  

 

Dersom du ønsker å delta, må du undertegne samtykkeerklæringen på siste side. Om du nå sier ja til å 

delta, kan du senere trekke ditt samtykke uten at det påvirker din øvrige behandling. Dersom du senere 

ønsker å trekke deg, eller har spørsmål til studien, så kontakt overlege Kjell-Erik Arnesen på telefon 

2307 5613 eller mobil 924 85 970. 

 

Ytterligere informasjon om studien finnes i kapittel A – utdypende forklaring av hva studien 

innebærer. 

Ytterligere informasjon om biobank, personvern og forsikring finnes i kapittel B – Personvern, 

biobank, økonomi og forsikring.  

 

Samtykkeerklæring følger etter kapittel B.
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Kapittel A- utdypende forklaring av hva studien innebærer 
 

Kriterier for deltakelse 

Voksne pasienter som tidligere har deltatt i TTT-FH prosjektets to konsultasjoner i 2006 og 2007, vil 

få forespørsel om deltakelse per brev og/eller per telefon.  

 

Bakgrunnsinformasjon om studien  

Familiær hyperkolesterolemi (FH) er en arvelig tilstand hvor en genendring fører til redusert antall 

LDL-reseptorer. Det fører til et høyt kolesterol i hele livet. Tidlig og livslang kolesterolsenkende 

behandling sammen med optimal og risikolav livsstil, forhindrer i betydelig grad åreforkalkninger. 

Man oppnår nærmest like god livsprognose som normalbefolkningen. Vi ønsker nå å etterundersøke 

deltakerne, for å bedømme effektene over en 8-9 års periode.    

 

Undersøkelser, blodprøver og annet den inkluderte må gjennom 

Se beskrivelse på side 1 under avsnittet: Hva innebærer studien.   

 

Tidsskjema – hva skjer og når skjer det? 

Konsultasjonen og intervjuene vil bli startet i løpet av slutten av 2015 og våren 2016.  
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Kapittel B - Personvern, økonomi og forsikring 
 

Personvern 

De opplysninger som registreres om deg, er ”de vanlige journalopplysninger” som bl. a. alder, kjønn, 

vekt, høyde, blodtrykk, lipidverdier, allergier, kosthold, sykdommer i perioden, medikamentbruk og 

eventuelle bivirkninger. Oslo Universitetssykehus Rikshospitalet ved administrerende direktør er 

databehandlingsansvarlig. 

 

Rett til innsyn og sletting av opplysninger om deg og sletting av prøver  

Hvis du sier ja til å delta i studien, har du rett til å få innsyn i hvilke opplysninger som er registrert om 

deg. Du har videre rett til å få korrigert eventuelle feil i de opplysningene vi har registrert. Dersom du 

trekker deg fra studien, kan du kreve å få slettet innsamlede prøver og opplysninger, med mindre 

opplysningene allerede er inngått i analyser, eller er brukt i vitenskapelige publikasjoner.  

 

Økonomi 

Prosjektet gjennomføres av Lipidklinikken, og det er ingen økonomiske interesser i prosjektet.  

Man får dekket reiseutgifter slik som ved vanlig konsultasjon. Man betaler ikke egenandel, slik som 

ved deltagelse i forskningsprosjekter. 

 

Forsikring 

Da dette er en klinisk undersøkelse med intervjuer, er det er det ingen forsikring av studiedeltakere. 

Blodprøvetaking vil være ledd i vanlig poliklinisk oppfølging. Blodprøvetakingen er forbundet med 

svært liten risiko, men eventuelle skader vil måtte meldes til Norsk Pasientskadeerstatning og dekkes 

på vanlig måte for poliklinisk virksomhet.  

 

Informasjon om utfallet av studien 

Resultatene fra studien vil bli sammenskrevet og forsøkt publisert i et vitenskaplig tidsskrift. Et 

populærvitenskaplig sammendrag vil bli tilsendt deltakere etter publisering. 
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Samtykke til deltakelse i studien 
 

 

Jeg er villig til å delta i studien  

 

 

---------------------------------------------------------------------------------------------------------------- 

(Signert av prosjektdeltaker, dato) 

 

---------------------------------------------------------------------------------------------------------------- 

(Navn med blokkbokstaver) 

 

 

 

 

 

Jeg bekrefter å ha gitt informasjon om studien 

 

 

---------------------------------------------------------------------------------------------------------------- 

(Signert, rolle i studien, dato) 

 

---------------------------------------------------------------------------------------------------------------- 

(Navn med blokkbokstaver) 
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Av dokumentasjonshensyn skal opplysningene oppbevares i 5 år etter prosjektslutt. Opplysningene skal
oppbevares avidentifisert, dvs. atskilt i en nøkkel- og en datafil. Opplysningene skal deretter slettes eller
anonymiseres, senest innen et halvt år fra denne dato. Forskningsprosjektets data skal oppbevares forsvarlig,
se personopplysningsforskriften kapittel 2, og Helsedirektoratets veileder for «Personvern og
informasjonssikkerhet i forskningsprosjekter innenfor helse- og omsorgssektoren».

Prosjektet skal sende sluttmelding til REK, se helseforskningsloven § 12, senest 6 måneder etter at
prosjektet er avsluttet.

Komiteens vedtak kan påklages til Den nasjonale forskningsetiske komité for medisin og helsefag, jf.
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helseforskningsloven § 10 tredje ledd og forvaltningsloven § 28. En eventuell klage sendes til REK sør-øst
A. Klagefristen er tre uker fra mottak av dette brevet, jf. forvaltningsloven § 29.
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