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Summary 

Background: Familial hypercholesterolemia (FH) is a genetic disorder characterized by 

elevated levels of total and LDL cholesterol, and premature cardiovascular disease. Standard 

therapy includes the use of cholesterol-lowering medication from 10 years of age and dietary 

modifications. The latter is first line of therapy, especially for children and adolescents. 

Exchanging saturated fatty acids (SFA) by mono- and poly-unsaturated fatty acids (MUFA 

and PUFA), and also a reduction of dietary cholesterol, remain the most important elements 

of the cholesterol-lowering diet. However, little is known about the diet of children with FH. 

Objectives: This thesis had one main objective: to provide more knowledge about the diet of 

children with FH. We wanted to characterize the diet in regard to nutrients and food 

categories. Furthermore, we aimed to investigate if dietary fat quality correlated with blood 

lipid levels in these children. We also aimed to report to which extent FH children adhered to 

dietary guidelines. Finally, we investigated if dietary counseling improved lipid profile in the 

FH children not on current medication. 

Subjects and methods: 54 children with FH aged 5-18 years were recruited from the 

outpatient Lipid Clinic, Oslo University Hospital. Dietary intake was recorded with a pre-

coded food diary for four days. Information about blood values was also obtained. 

Results: Total fat intake and intake of MUFA and PUFA was 30.8, 10.4 and 5.9 E %, 

respectively, whereas the intake of SFA was 12.0 E %. Cholesterol intake was 184 mg. 

Carbohydrate intake was 48.0 E %, and fiber intake was 18 g/d. Sugar intake was 

significantly higher in boys than girls, 13.7 compared with 9.0 E %, respectively. Protein 

intake was 16.8 E %. Intake of vitamin D and iron was low in both girls and boys, and intake 

of folate was low in girls. The participants consumed either semi-skimmed or skimmed milk 

in favor of whole milk, and low-fat cheese in favor of full-fat cheese. Boys had a higher 

intake of sugar-sweetened beverages in the diet, and a lower intake of vegetables, fresh fruit 

and berries, compared with girls. SFA intake was positively correlated with total and LDL 

cholesterol, apolipoprotein (apo) A-1 and apo B. PUFA intake was negatively correlated with 

LDL cholesterol and apo B. The ratio of PUFA and SFA (PS-ratio) was negatively correlated 

with total and LDL cholesterol and apo B. No participant was 100 % compliant to the dietary 

recommendations, as no participant had an intake of SFA below 7 E %. Total and LDL 

cholesterol was lower in follow-up visitors compared with new visitors at the Lipid Clinic. 
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The follow-up visitors had also reduced their total and LDL cholesterol from first visit at the 

Lipid Clinic. 

Conclusions: SFA intake was higher than recommended in both girls and boys, and no 

participant was compliant to the SFA recommendation. Sugar intake was higher than 

recommended in boys. Although the FH children choose low-fat dairy alternatives, further 

improvements will be needed to reach the recommended levels for SFA intake. SFA intake is 

associated with adverse, whereas PUFA intake and PS-ratio is associated with beneficial 

effects of the blood lipid profile. The data suggests a beneficial effect of outpatient clinic 

activity on blood lipid levels, as evidenced by lower total and LDL cholesterol in follow-up 

visitors. 

 

 

 

  



VI 

 

Contents 

Acknowledgements…………………………………………………………………………...III 

Summary………………………………………………………………………………….......IV 

Abbreviations……………………………………………………………………………….VIII 

List of tables and figures……………………………………………………………………...IX 

List of appendices …………………………………………………………………………….X 

1 Introduction ........................................................................................................................ 1 

1.1 Cardiovascular disease ................................................................................................ 1 

1.2 The atherosclerotic process ......................................................................................... 1 

1.3 Lipids ........................................................................................................................... 2 

1.4 Lipoprotein metabolism ............................................................................................... 3 

1.4.1 Lipoprotein structure ............................................................................................ 3 

1.4.2 The exogenous and endogenous lipoprotein pathway .......................................... 4 

1.5 Familial hypercholesterolemia .................................................................................... 5 

1.5.1 Genetics and prevalence ....................................................................................... 5 

1.5.2 Clinical features .................................................................................................... 7 

1.5.3 General and medical treatment ............................................................................. 8 

1.5.4 Dietary treatment .................................................................................................. 9 

1.6 Dietary assessment methods ...................................................................................... 12 

2 Objectives ......................................................................................................................... 14 

3 Subjects and methods ....................................................................................................... 15 

3.1 Recruitment and collection of data ............................................................................ 15 

3.1.1 Study population ................................................................................................ 15 

3.1.2 Study visit ........................................................................................................... 16 

3.2 The pre-coded food diary .......................................................................................... 17 

3.3 Blood sample and preparation ................................................................................... 18 

3.4 PBMC-isolation ......................................................................................................... 18 

3.5 Processing dietary data .............................................................................................. 19 

3.5.1 KBS .................................................................................................................... 19 

3.5.2 Scanning of pre-coded food diaries .................................................................... 19 

3.5.3 Running of syntax .............................................................................................. 20 



VII 

 

3.5.4 Coding of open spaces ........................................................................................ 20 

3.5.5 Import to KBS .................................................................................................... 22 

3.5.6 Ordering dietary reports ..................................................................................... 22 

3.6 Statistical analysis ...................................................................................................... 23 

4 Results .............................................................................................................................. 25 

4.1 Subject characteristics ............................................................................................... 25 

4.2 Characterization of the diet ........................................................................................ 27 

4.2.1 Intake of macronutrients ..................................................................................... 27 

4.2.2 Intake of micronutrients ..................................................................................... 28 

4.2.3 Description of food intake .................................................................................. 29 

4.2.4 Relation between dietary fats, blood lipid levels and other blood parameters ... 32 

4.2.5 Compliance to dietary guidelines ....................................................................... 33 

4.2.6 Effects of dietary counselling on blood parameters ........................................... 34 

5 Discussion ........................................................................................................................ 38 

5.1 Subjects and methods ................................................................................................ 38 

5.1.1 Subjects and study design .................................................................................. 38 

5.1.2 Strengths and limitations of the pre-coded food diary ....................................... 39 

5.1.3 Mapping of specific food items .......................................................................... 40 

5.1.4 Data processing .................................................................................................. 42 

5.1.5 Statistics ............................................................................................................. 43 

5.2 Discussion of results .................................................................................................. 44 

5.2.1 Intake of macronutrients ..................................................................................... 44 

5.2.2 Intake of micronutrients ..................................................................................... 46 

5.2.3 Description of food intake .................................................................................. 48 

5.2.4 Relation between dietary fats and blood lipid levels .......................................... 50 

5.2.5 Compliance to dietary guidelines ....................................................................... 51 

5.2.6 Effects of dietary counseling on blood parameters ............................................ 53 

5.2.7 Clinical implications .......................................................................................... 55 

6 Conclusion ........................................................................................................................ 57 

7 Future perspectives ........................................................................................................... 59 

References ................................................................................................................................ 60 

Appendices ............................................................................................................................... 72 

 



VIII 

 

Abbreviations 

Apo A-1 Apolipoprotein A-1 

Apo B Apolipoprotein B 

CHD Coronary heary disease 

CM Chylomicrons 

CRP C-reactive protein 

CVD Cardiovascular disease 

E % Energy percent 

FBDG Food based dietary guidelines 

FH Familial hypercholesterolemia 

HDL High-density lipoprotein cholesterol 

Iso-BMI Iso-Body mass index 

LDL Low-density lipoprotein cholesterol 

Lp (a) Lipoprotein (a) 

MI Myocardial infarction 

MJ Megajoule 

MUFA Monounsaturated fatty acid(s) 

NCEP National Cholesterol Education Program 

NNR Nordic Nutrition Recommendations 

PBMC Peripheral blood mononuclear cells  

PCSK9 Proprotein convertase subtilisin/kexin type 9  

PFD Pre-coded food diary 

PS-ratio Polyunsaturated fat/saturated fat-ratio 

PUFA Polyunsaturated fatty acid(s) 

SFA Saturated fatty acid(s) 

TFA Trans fatty acid(s) 

TG Triglycerides 

UNGKOST UNGKOST-2000 

VLDL Very low-density lipoprotein 

 



IX 

 

List of tables and figures 

 

Table 1 Diagnostic criteria for familial hypercholesterolemia (FH) suggested by the 

Simon Broome Register Group 

Table 2 Predictive change (Δ) in total and low-density lipoprotein (LDL) cholesterol by 

replacing one energy percent of carbohydrate with the respective fatty acid. 

Table 3 The recommended nutrient composition of the diet as proposed by the National 

Cholesterol Education Program (NCEP). 

Table 4 Subject characteristics. 

Table 5 Intake of macronutrients in children with familial hypercholesterolemia. 

Table 6 Intake of micronutrients in children with familial hypercholesterolemia. 

Table 7 Food intake in gram per 10 MJ per day in children with familial 

hypercholesterolemia. 

Table 8 Correlations between dietary intake of saturated and polyunsaturated fat and 

blood lipid levels. 

Table 9 Percent of study population that are compliant to the dietary recommendations. 

Table 10 Blood parameters in children with familial hypercholesterolemia who are new 

visitors or follow-up visitors. 

Table 11 Intake of macronutrients in children with familial hypercholesterolemia who are 

new visitors or follow-up visitors. 

Table 12 Characterization of the new visitors and the follow-up visitors. 

Table 13 Blood lipids at first visit and follow-up visit in children with familial 

hypercholesterolemia who are follow-up visitors. 

Figure 1 Lipoprotein structure. 

Figure 2 Overview of lipoprotein metabolism pathways. 

Figure 3 Clinical features of familial hypercholesterolemia. 

Figure 4 Flow chart of the study population. 

 



X 

 

List of appendices 

Appendix 1 Study invitation 

Appendix 2 Informed consent 

Appendix 3 Age-adjusted information 5-11 years 

Appendix 4 Age-adjusted information 12-15 years 

Appendix 5 Pre-coded food diary 

Appendix 6 Information on how to record food intake 

Appendix 7 Approval by the Regional Committee for Medical and Health Research Ethics 

Appendix 8 Case report form  

Appendix 9 Questionnaire form for parents  

Appendix 10 Iso-BMI curves for girls and boys  

Appendix 11 Table A1: Subject characteristics. 

 

Table A2: Intake of macronutrients in children with familial 

hypercholesterolemia. 

 

Table A3: Intake of micronutrients in children with familial 

hypercholesterolemia. 

 

Table A4: Food intake in gram per 10 MJ per day in children with familial 

hypercholesterolemia. 

 

Table A5: Main food groups' contribution to macronutrients in the total study 

population (n = 54). 

 

Table A6: Main food groups' contribution to micronutrients in the total study 

population (n = 54). 

 

Table A7: Correlations between dietary intake of saturated and 

polyunsaturated fat and blood lipid levels. 

 

Table A8: Blood parameters in children with familial hypercholesterolemia 

who are new visitors or follow-up visitors. 

 

Table A9: Intake of macronutrients in children with familial 

hypercholesterolemia who are new visitors or follow-up visitors. 

 

Table A10: Characterization of the new visitors and the follow-up visitors. 

 

Table A11: Blood lipids at first visit and follow-up visit in children with 

familial hypercholesterolemia who are follow-up visitors. 

 

 

  



XI 

 

  





1 

 

1 Introduction 

1.1 Cardiovascular disease 

Cardiovascular disease (CVD) is the leading cause of mortality in Norway and globally (1-3). 

CVD includes coronary heart disease (CHD), cerebrovascular disease and peripheral artery 

disease, where CHD constitute most of the CVD events (2, 4). In 2012, CVD caused 31 % of 

the total deaths in Norway (1). In the 1950-60’s, the death from CVD in Norway increased 

dramatically, reaching its peak in the early 1970’s (5). Since then, the CVD death rate has 

decreased in all age groups (5). Changes in diet and lifestyle and subsequent reduction in risk 

factors for CVD, such as reduction of saturated fat intake in the population followed by lower 

population mean total cholesterol level, may largely explain the significant reduction in CVD 

deaths (6). A similar development has been observed in Finland and in other Nordic countries 

(7, 8). With this, Norway is now considered a low-risk country (5). 

The INTERHEART study identified nine major risk factors that account for most of the risk 

of myocardial infarction (MI) worldwide (9). The risk factors were responsible for disease in 

both men and women, in all age groups, and in all demographic regions. Dyslipidemia, 

smoking, high blood pressure, diabetes mellitus, visceral obesity, psychosocial factors, low 

intake of vegetables and fruits, high consumption of alcoholic beverages, and physical 

inactivity accounted for 90 and 94 % of the population attributable risk for first MI in men 

and women, respectively (9). In other words, risk for MI, a major cause of CVD, includes 

factors that are changeable. Age, sex and genetic factors, however, are unchangeable risk 

factors (10). 

1.2 The atherosclerotic process 

CVD is caused by atherosclerosis. Atherosclerosis means hardening of the arteries, and it is a 

lifelong progressing condition, starting at early age (11). Both the innate and the adaptive 

immune system are central in the atherosclerotic process (12, 13). Low-density lipoprotein 

(LDL) cholesterol seems to be a sufficient cause of atherosclerosis, and presence of other risk 

factors will further accelerate the process (14). 



2 

 

LDL cholesterol is deposited beneath the endothelium lining the artery wall (15). Here, the 

LDL particle is susceptible to oxidative modifications. This leads to further activation of the 

endothelial cells, causing an infiltration of immune cells in the artery wall further accelerating 

the process. The early lesions of atherosclerosis are the fatty streaks, which constitutes of 

macrophages that have taken up and accumulated modified LDL particles from the intima of 

the vessel wall. These lesions will continue developing, resulting in an atheroma that thickens 

the arteries and reduces the blood flow. This atheroma may eventually rupture, causing an 

activation of the hemostatic system, leading to aggregation of platelets, coagulation and the 

triggering of a thrombus formation. This thrombus may block the blood flow at that site, or it 

can be carried with the blood until it eventually blocks a small artery (15). This makes the 

CVD manifest.  

In addition to the classical risk factors defined by the INTERHEART study, inflammatory 

biomarkers may help predict the severity of atherosclerosis (16). This can aid identifying 

patients at high risk for CVD. Several biomarkers have been identified, but the acute phase 

protein C-reactive protein (CRP) remains the leading biomarker of inflammatory conditions in 

general, including CVD. Fibrinogen has also shown to predict future CVD risk (16). 

1.3 Lipids 

Lipids are fat-soluble molecules that can be subdivided into several classes according to their 

structural characteristics (17). Important classes include the fatty acids (including 

triacylglycerols and phospholipids) and steroids (including cholesterol) (17). Although 

referred to as fat-soluble, phospholipids and free cholesterol have some amphipathic 

properties (18). 

Fatty acids are chains of a variable number of carbon atoms linked by covalent single or 

double bonds (18). If the fatty acid has only single bonds, it is called a saturated fatty acid 

(SFA), if one double bond, the fatty acid is mono-unsaturated (monounsaturated fatty acid; 

MUFA), and if more than one double bond, the fatty acid is poly-unsaturated (polyunsaturated 

fatty acid; PUFA) (18). A trans fatty acid (TFA) is formed by hydrogenation, when double 

bonds are converted from cis-configuration to trans-configuration (19). Fatty acids have 

different properties depending on their structure (7). 
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Triacylglycerol (most correctly referred to as “TAG”, but commonly abbreviated “TG”) 

consists of a glycerol backbone with three fatty acids esterified to the hydroxyl groups (18). 

TG function mainly as an energy source, and is stored in tissues, especially adipose tissue 

(20). Fatty acids are also part of phospholipids, important structures of cell membranes and 

lipoproteins, among other things (18). Most dietary fat is in the form of TG, and free fatty 

acids rarely occur (7). Cholesterol is a lipid belonging to the sterol family (21). Cholesterol 

has an important function as a part of cell membranes. It is also a precursor for steroid 

hormones and bile acids. Vitamin D is synthesized in the skin from a cholesterol intermediate 

in response to UV light exposure (21). When cholesterol is esterified to a fatty acid, the 

resulting molecule named cholesteryl ester, is highly hydrophobic (18). 

1.4 Lipoprotein metabolism 

1.4.1 Lipoprotein structure 

In contrast to water-soluble (hydrophilic) substances such as glucose and most amino acids, 

cholesterol, TG and fat-soluble vitamins are fat-soluble (hydrophobic), and cannot dissolve in 

blood (18). Hence, there is a need for a system that transports essential lipids to various parts 

of the body. This is the major task of the lipoproteins (19). Lipoproteins are highly complex 

protein-containing particles that create an interphase between the hydrophilic and 

hydrophobic environment in blood. A schematic figure of the composition of a lipoprotein is 

shown in figure 1. 

 

Figure 1. Lipoprotein structure. Reproduced by Ellington and Kullo, reprinted with permission from Elsevier 

Books, copyright © 2008 (22). 
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The hydrophobic core consists of TG and cholesteryl esters (22). The outer amphipathic 

monolayer consists of phospholipids and free cholesterol, which is arranged so that their 

hydrophilic parts face out towards, and their hydrophobic parts are located towards the center. 

This layer allows the lipoprotein to be in an aqueous environment. In addition, different 

apolipoproteins are anchored in the outer monolayer. These apolipoproteins are important for 

structural stability to the lipoprotein, and they also functions as cofactors and receptor ligands. 

Lipoproteins can be classified based on their density, that is, the ratio between lipids and 

proteins. Different types of lipoproteins include chylomicrons (CM), very low-density 

lipoproteins (VLDL), low-density lipoproteins (LDL) and high-density lipoproteins (HDL). 

The large particles CM and VLDL contain mostly TG, while the dense particles LDL and 

HDL contain mostly cholesteryl esters (22). 

1.4.2 The exogenous and endogenous lipoprotein pathway 

Figure 2 gives an overview of the lipoprotein metabolism pathways. 

 

Figure 2. Overview of lipoprotein metabolism pathways. Reproduced by Bhatnagar et al., reprinted with 

permission from British Medical Journal Publishing Group, copyright © 2008 (14). 
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The exogenous pathway of lipoprotein metabolism involves the absorption of dietary fat and 

cholesterol in the intestine (19, 23). These lipids are incorporated into CM. The main 

apolipoprotein in CM is the apolipoprotein B-48. The CM circulates the blood, delivering 

lipids to tissues. The enzyme lipoprotein lipase in the vessel wall of tissues, cleaves off fatty 

acids from the CM that are used to either energy expenditure or storage. This depletion of CM 

makes it smaller in size, and the rest particle is called a remnant. This remnant continues 

circulating until it is removed from the circulation by receptors on liver cells (19, 23). 

The endogenous pathway of lipoprotein metabolism starts in the liver, where cholesterol and 

TG are incorporated into apolipoprotein B-100 (apo B)-containing VLDL particles, which are 

released to the blood. The lipoprotein lipase enzyme will cleave fatty acids from this 

lipoprotein, making it smaller as it circulates and emptying it with TGs. The lipoproteins that 

circulate represent a continuum of stages from the very low-density particles high in lipid 

content, via the intermediate density lipoprotein particles, to the small and dense particles that 

are removed after lipid depletion. The latter is enriched in cholesteryl esters. These are the 

LDL particles. LDL particles carry most of the cholesterol in the circulation. They have the 

apo B embedded in the membrane, and this protein functions as a ligand for the LDL receptor. 

Although most enriched on the liver cells, this receptor is present in all membranes of all body 

cells, including macrophages. By uptake of the LDL receptor, the LDL cholesterol level in 

blood is reduced (19, 23, 24). 

HDL transports cholesterol from tissues back to the liver in a process called the reverse 

cholesterol transport (19). The major apolipoprotein in HDL is apolipoprotein A-1 (apo A-1). 

The apo A-1 is secreted from liver and intestine cells, and develops into mature HDL via 

peripheral cholesterol uptake (19). 

1.5 Familial hypercholesterolemia 

1.5.1 Genetics and prevalence 

Familial hypercholesterolemia (FH) is an autosomal dominantly inherited disease, mainly 

caused by a mutation in the gene encoding the LDL receptor (24). The consequence is a 

reduced receptor activity and reduced uptake of LDL cholesterol, and hence a two- to three-

fold increase in circulating LDL cholesterol levels (24, 25). Mutations in the genes encoding 

apo B and proprotein convertase subtilisin/kexin type 9 (PCSK9) presents with the same 
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clinical phenotype (26-28). In heterozygous FH one allele encodes a defective LDL receptor, 

and one allele encodes a normal LDL receptor (24). In homozygous FH, both alleles encode a 

defective LDL receptor, resulting in very little or no receptor activity (24). 

Today, there have been identified 1741 different mutations in the LDL receptor gene in the 

world (29). Most commonly, the cellular defect of the LDL receptor is caused by defects in 

ligand binding, transport, internalization or recycling, or the protein is not expressed at all 

(28). These different classes of mutations result in some differences in LDL receptor activity, 

and hence levels of LDL cholesterol may vary depending on the mutation type. However, 

reduced uptake of LDL cholesterol is the common trait. 

 In Norway, there have been identified approximately 130 different mutations in the LDL 

receptor gene (30). However, only three mutations accounts for approximately 40 % of the 

mutations among those with genetically verified FH. These mutations are FH Elverum, FH 

Svartor and FH C210G (31). 

The prevalence of homozygous FH is rare, affecting one in one million persons (28). 

However, heterozygous FH is one of the most frequent inherited diseases in Norway, 

affecting one in 300 (32). This means that approximately 150 children are born with FH every 

year. Recent data from Denmark suggests that the prevalence of FH might be even more 

frequent, affecting one in 137 individuals (33). These data indicates that the prevalence in 

Norway might be underestimated (33). 

At present, approximately 6200 individuals in Norway have diagnosed FH by genetic testing 

(Trond P. Leren, personal communication). 3700 of these are younger than 18 years. The 

Lipid Clinic at the Oslo University Hospital in Oslo, Norway, is a specialized outpatient clinic 

with a national responsibility for the treatment of children and young adults with FH. 

Furthermore, from January 1st 2014, the Lipid Clinic achieved status as a National Advisory 

Unit for Familial hypercholesterolemia and other inherited dyslipidemias.  

Genetic testing confirms the diagnosis. Although genetic testing is needed to genetically 

verify the diagnosis, criteria have been developed to assess the probability of a patient having 

FH. The US MedPed Program, the Dutch Lipid Clinic Network and the Simon Broome 

Register Group have all developed such criteria (34). These criteria include cut-off values for 

total cholesterol and LDL cholesterol, as well as assessment of family history of CVD and 
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clinical features both in the patient and the relatives. The criteria developed by the Simon 

Broome Register Group are summarized in table 1. 

Table 1. Diagnostic criteria for familial hypercholesterolemia (FH) suggested by the Simon 

Broome Register Group. 

Criteria Description 

a 

Total cholesterol level above 7.5 mmol/l in adults, or total cholesterol level above 6.7 mmol/l in 

children
1
 

LDL cholesterol level above 4.9 mmol/l in adults, or LDL cholesterol level above 4.0 mmol/l in 

children
1
 

b Tendinous xanthomata in the patient or a first-degree relative 

c DNA-based evidence of mutation in the LDL receptor gene or apolipoprotein B gene 

d 
Family history of myocardial infarction before the age of 50 in a second degree relative, or before the 

age of 60 in a first-degree relative 

e Family history of raised total cholesterol level above 7.5 mmol/l in a first- or second-degree relative 

Table adapted from Austin et al. (34). A "definite" FH diagnosis requires either criteria a and b or criterion c. A 

"probable" FH diagnosis requires either criteria a and d or criteria a and e. LDL cholesterol; low density 

lipoprotein cholesterol. 
1
Children aged less than 16 years. 

1.5.2 Clinical features 

In addition to elevated total and LDL cholesterol, clinical features of FH include xanthomata, 

xanthelasmata and corneal arcus (35). These are all cholesterol deposits in peripheral tissues. 

Such clinical features are not so frequent in young subjects, but can appear with increasing 

age, especially if untreated. Tendon xanthomata are deposits typically on extensor tendons 

such as the Achilles tendons and tendons on the dorsum of the hands. Xanthelasmatas are 

yellow deposits of cholesterol around the eyelid. Corneal arcus is a white deposit of 

cholesterol in the cornea of the eye. These clinical features are shown in figure 3. Both 

xanthelasmatas and corneal arcus can also appear in non-FH-subjects (35). Achilles tendinitis 

is frequent in FH-subjects, due to cholesterol crystals deposits. Children with heterozygous 

FH can feel heel tenderness, but rarely experience heel thickening (36). 
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Figure 3.Clinical features of familial hypercholesterolemia. From the top and to the right: Xanthomata on the 

Achilles tendonds; Xanthomatas on extensor tendons on the dorsum of the hand and on knees; Xanthelasmatas 

around the eyelid; Corneal arcus. All pictures are reprinted with permission from Leiv Ose. 

1.5.3 General and medical treatment 

Treatment of FH is a lifelong process, as it is the total exposure to LDL cholesterol that may 

eventually lead to CHD events (37). Both medical and dietary treatment is recommended. The 

treatment target for primary prophylaxis in heterozygous FH is LDL cholesterol below 3.5 

mmol/l for children and below 2.5 mmol/l for adults (37). Medical treatment is needed to 

achieve such LDL cholesterol levels, but it is important to emphasize that the beneficial effect 

of a cholesterol-lowering diet comes in addition to the medical treatment, and will reduce the 

risk of CVD (37, 38). The American Heart Association advocates the use of dietary treatment 

as adjuvant to pharmacological treatment (38). For homozygous FH pharmacological 

treatment is insufficient, and LDL apheresis is necessary (39).  

Medical treatment 

The statins are the first drug of choice in lowering cholesterol levels (40). They inhibit the 

regulatory enzyme in the cholesterol synthesis, the 3-hydroxy-3-methylglutaryl-CoA (HMG-
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CoA) reductase (19). Thus, the cells own production of cholesterol is reduced. This reduction 

in cellular cholesterol content is sensed by the SCAP-SREBP2 system, which responds with 

increasing the synthesis of new LDL receptors (19). As a consequence, the concentration of 

LDL cholesterol in blood is reduced, because the LDL particles are more efficiently removed 

from blood (19). The Scandinavian 4S study was the first study to show increased survival 

from statin (simvastatin) use (41). Since then, numerous studies have reproduced the same, 

making statins well established as a safe and effective drug in reducing cholesterol levels and 

CVD incidences, thus increasing survival (42). A long-term cohort study showed that statins 

could reduce the LDL cholesterol about 40-50 %, depending on the type and dose of statins 

(43). This was followed by a subsequent reduction in risk of CVD of about 80 % (43). 

Ezetimibe is another LDL cholesterol-lowering drug (44). Ezetimibe works by inhibiting 

cholesterol absorption in the gut and promoting a compensatory increase in the synthesis of 

cholesterol, resulting in reduced total and LDL cholesterol levels (44). Addition of Ezetimibe 

to statin treatment may further reduce cholesterol levels. The combination of the two has been 

shown to decrease cholesterol levels by 65 % (45). 

Ongoing studies are now evaluating the effect of a new promising treatment for lowering 

LDL cholesterol levels (46). PCSK9 is a proprotein convertase that targets the LDL receptor 

with subsequent degradation as a result. PCSK9-inhibition by monoclonal antibodies 

preserves the LDL receptor. This efficiently decreases LDL cholesterol by up to 70 % (46). A 

combination of PSCK9 with statins is thought to be the future treatment of patients with FH 

(Trond P. Leren, personal communication). In adults, it is recommended to start with medical 

treatment immediately after diagnosis. In children, however, medication is not recommended 

until they reach the age of 8-10 years (37). 

1.5.4 Dietary treatment 

Effect of dietary lipids on blood lipid levels 

Total and LDL cholesterol levels can be affected by the dietary intake of fatty acids and 

cholesterol (7). Although fatty acids are more potent than dietary cholesterol, the latter will 

increase LDL cholesterol in susceptible individuals (7). 
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Randomized controlled trials have shown that total cholesterol can be reduced in free-living 

subjects with an improved quality or decreased amount of dietary fat (47). Metabolic ward 

studies have shown that cholesterol levels are reduced when SFA are substituted with 

complex carbohydrates, and when substituting these complex carbohydrates with PUFA, 

cholesterol levels are even further reduced (48). Furthermore, these studies showed that 

replacing complex carbohydrates by MUFA did not result in lower cholesterol levels. A 

reduction in dietary cholesterol, however, also lowered the blood cholesterol levels (48). 

Already in 1957, Keys et al. showed with a predictive equation that changes in the intake of 

SFA would increase, while the intake of PUFA would decrease, the level of total cholesterol 

(49). Hegsted et al. reproduced this finding in 1965. Here they also took into account the 

effect of different types of SFA, in addition to the effect of MUFA on total cholesterol (50). 

Müller et al. extended these findings in 2001, showing that different fatty acids, including 

TFA, had different effect on the level of both total and LDL cholesterol (51). These findings 

are summarized in table 2.  

Table 2. Predictive change (Δ) in total and low-density lipoprotein 

(LDL) cholesterol by replacing one energy percent of carbohydrate 

with the respective fatty acid. 

Fatty acid 
Δ Total cholesterol 

(mmol/l) 

Δ LDL cholesterol 

(mmol/l) 

Lauric acid (C12:0) + 0.01 + 0.01 

Myristic acid (C14:0) + 0.12 + 0.071 

Palmitic acid (C16:0) + 0.057 + 0.047 

Marine trans fatty acids + 0.039 + 0.043 

Vegetable trans fatty acids + 0.031 + 0.025 

Oleic acid (C18:1) -0.0044 -0.0044 

Linoleic acid (C18:2) -0.017 -0.017 

Alpha-linoleic acid (C18:3) -0.017 -0.017 

The values are based on Müllers predictive equations for estimating changes in total  

and LDL cholesterol in response to change in the energy percent deriving from  

dietary fat (51). Reproduced from (20). 

 

As shown in table 2, myristic acid (an SFA with 14 carbon atoms, noted C14:0) has been 

shown to be the most potent cholesterol-increasing SFA, followed by palmitic acid (C16:0) 

and lauric acid (C12:0) (51). In addition, TFA also increases the LDL cholesterol 

concentrations (51). Quantitatively, myristic and palmitic acid contributes most to the 

cholesterol-elevating effects of SFA, mainly because of the potent effects of the former and 

the abundance in the diet of the latter (20). 
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In summary, when replacing SFA and TFA with MUFA and PUFA, the LDL cholesterol 

concentration in blood is reduced. The HDL cholesterol and TG concentration will mainly 

remain unchanged (7). 

Dietary sources of cholesterol and fatty acids 

Meat and dairy products are important dietary sources of both cholesterol, SFA and TFA (7). 

In addition, egg yolks are rich in dietary cholesterol, and SFA are abundant in butter and 

butter-based spreads, as well as in chocolate and pastries. Fish, vegetable oils and margarines 

are important contributors to MUFA and PUFA (7). 

Dietary recommendations in hypercholesterolemia 

Dietary recommendations are the first-line therapy before cholesterol-lowering medication 

may be initiated in children (52). Attention to diet and lifestyle should always be maintained 

and reinforced even if using medication (52, 53). The dietary recommendations include the 

principles of a cholesterol-lowering diet, emphasizing a reduced intake of fat, especially SFA, 

and cholesterol (53, 54). The nutrient composition of the diet as proposed by the National 

Cholesterol Education Program (NCEP) is summarized in table 3 (53). 

Table 3. The recommended nutrient composition 

of the diet as proposed by the National 

Cholesterol Education Program (NCEP). 

  Recommendations 

Energy, kJ balanced intake 

Protein, E % 15 

Fat, E % 25-35 

Saturated fat, E % < 7 

Trans fatty acids, E % < 1
1
 

Monounsaturated fat, E % up to 20 

Polyunsaturated fat, E % up to 10 

Cholesterol, mg < 200 

Carbohydrates, E % 50-60 

Added sugar, E % < 10
2
 

Fiber, g 20-30 

kJ, kilo Joule; E %, energy percent. 
1
Recommended by the European Society of Cardiology  

and the European Atherosclerosis Society (55). 
2
Recommended by the Nordic Council of Ministers (56). 

 

Studies have shown that dietary adjustments potentially can reduce cholesterol levels by 10-

30 % in non-FH subjects (57-59). Studies have also shown cholesterol responses to dietary 
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modifications in FH subjects (60-63). However, a recent Cochrane review summarized that 

data were not adequate to conclude about the effectiveness of dietary modifications in FH 

subjects, except for that of plant sterols (64). Plant sterols are naturally compounds of plants, 

and dietary sources are vegetable oils and vegetable oil-based products (65). The plant sterols 

are not absorbed in the human intestine, and they reduce intestinal absorption of dietary 

cholesterol (66). The Norwegian margarine “Vita Pro-Aktiv” is enriched with plant sterols. 

Studies have shown that margarine with added plant sterols is effective in lowering total and 

LDL cholesterol in blood in subjects with mild hypercholesterolemia (65, 66). A review by 

Katan et al. summarized that the LDL cholesterol can be lowered by 10 % if consuming 2 

grams of plant sterols per day, and they concluded that there was sufficient evidence to 

encourage the use of plant sterols in persons with elevated cholesterol levels (67). The use of 

plant sterols is recommended at the Lipid Clinic. 

Little is known about the diet in children with FH and whether children with FH are 

compliant to a cholesterol-lowering diet. A study by Molven et al. found that children with 

FH had a healthier diet compared with non-FH children in regard to low-fat products and 

products with a favorable fatty acid composition (68). However, the FH children had a higher 

intake of sugar-rich foods compared with non-FH children (68). The study used the Smart 

Diet® self-administered questionnaire to assess the food choices (69). This questionnaire is 

used by the Lipid Clinic to quickly assess a patient’s diet. Validation of this questionnaire has 

shown that it is a good tool for estimating dietary fat. It provides a useful tool in an outpatient 

clinical setting, making it fairly easy to discuss central points in improvement of dietary habits 

(69). The FH children in the study by Molven et al. had been subjects to dietary advice at the 

Lipid Clinic earlier, thus suggesting that dietary counselling might improve dietary quality in 

these children (68). However, the method used by Molven and coworkers cannot investigate 

differences in nutrient intake, and hence studies using thorough dietary assessment methods 

are needed. 

1.6 Dietary assessment methods 

There are many tools that can be used to assess dietary intake at the individual level (70). 

Dietary assessment methods can be divided into two main categories: the retrospective 

methods and the prospective methods. In the retrospective methods data about food 

consumption in the past are collected. These include information about the food consumed the 
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previous day (24-hour recall), or mapping of the habitual diet (dietary history or food 

frequency questionnaire) (70). The retrospective methods require that the subjects remember 

what they have eaten, which may be a challenge (71). In the prospective methods, data are 

recorded at the time of eating (70). This include the weighed record technique, where the 

participants weighs all they eat and drink, and the estimated record technique, where 

estimation tools like household measures or pictures are used to estimate the amount of foods 

eaten (70, 71). An example of the latter is a food diary. The registration should take place 

over a certain time, for example 3-4 days. A challenge with such prospective methods is that 

it can influence eating behavior (71). 
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2 Objectives 

The main objective of this thesis is to provide more knowledge about the diet of children with 

FH. We ask the following research questions: 

 What characterizes the diet of children with FH in regard to nutrients and food 

categories? 

 Does dietary fat quality correlate with blood lipid levels in children with FH? 

 Do children with FH adhere to current dietary guidelines? 

 Does dietary counseling improve lipid profile in children with FH not on current 

medication? 
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3 Subjects and methods 

3.1 Recruitment and collection of data 

3.1.1 Study population 

Children with FH were recruited from the outpatient Lipid Clinic, Oslo University Hospital, 

in the time period September to December 2013. Invitations were sent by mail to families 

with children aged 5-18 years with scheduled appointment at the clinic. The invitation 

contained information regarding the study, an informed consent further elaborating what 

study participation would imply, and age-adjusted information to the child if aged 5-11 years 

or 12-15 years (see appendix 1, 2, 3 and 4, respectively). Four pre-coded food diaries (see 

appendix 5), a photographic booklet for estimation of portion sizes, and information on how 

to correctly record food intake (see appendix 6), were also provided by mail. Before study 

participation, informed consent was signed by one of the child`s parents or the child itself if 

16 years or older. The study was approved by the Regional Committee for Medical and 

Health Research Ethics, Oslo, Norway (see appendix 7). 

Inclusion criteria for participation were that the child was between 5 and 18 years of age, and 

had verified heterozygous FH by genetic testing, or was assessed to have the diagnosis based 

on clinical examination in combination with criteria for diagnosis assessed by the Simon 

Broome Register criteria (34). Exclusion criteria were (homozygous FH or) other known 

diseases or conditions other than heterozygous FH. Throughout the recruitment period 103 

children were invited to participate. Out of these, 54 completed the study (52 %). A flow chart 

of the study is shown in figure 4. 
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Figure 4. Flow chart of the study population. 

3.1.2 Study visit 

At study visit participants met with doctor, dietitian, bioengineer and master student. The 

doctor performed clinical examination, whereas the dietitian assessed the diet. Blood 

sampling was performed by a bioengineer, with immediate subsequent isolation of peripheral 

blood mononuclear cells (PBMC) by the master student or other persons connected with the 

project. Blood sampling was voluntary and was not a criterion for participation, if lipid 

analysis was carried out prior to the visit at the Lipid Clinic. The master student interviewed 

the participants, where emphasis was put on clarifying any difficulties related to the dietary 

recording method. 

In accordance with good clinical practice, a case report form was used to register information 

regarding the child’s family relations, living conditions and physical activity level in a 

standardized manner (see appendix 8). A questionnaire regarding information about the 

parents such as age, education level, socioeconomic status, physical activity and the child’s 

medical history was completed by one of the child`s parents (see appendix 9). We used the 

education levels defined by Statistics Norway, that is basic school level, below upper 

secondary level, tertiary education short (up to 4 years in duration) and tertiary education long 

(more than 4 years in duration) (72). We also collected information about the Smart Diet 
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score of from both the participants and one of their parents. And finally, the participant was 

interviewed by the master student about the dietary recording. 

Clinical information was extracted from medical records, including mutation type, family 

history of CVD, cholesterol deposits, weight and height, and clinical information including 

pre-treatment lipid values. All data from study visit and medical journal was recorded in a 

Microsoft Excel file. Because of age-related variation in body composition, body mass index 

(BMI, kg/m
2
) cut-off values change with age (73). Iso-Body mass index (Iso-BMI) was used 

to assess the relation between weight and height in the participants. Iso-BMI is the BMI 

adjusted for age (74). We used the BMI-curves suggested by Júlíusson et al, containing cut off 

curves for underweight and overweight (75). We used different curves for considering iso-

BMI in girls and boys (76) (see appendix 10). 

3.2 The pre-coded food diary 

To record dietary intake, a pre-coded food diary (PFD) developed by the Department of 

Nutrition, University of Oslo, was used (71). This has been validated in groups of Norwegian 

children 9 and 13 years old (77-79). The PFD contained 18 pages listed with pre-coded 

beverages, food items and dishes, as well as dietary supplements, in an arranged pattern. 

Household units and a validated photographic booklet were used for estimation of portion 

sizes (71, 80). Throughout the PFD there were open spaces where the participants could write 

down consumed items that were not listed as alternatives, for example sushi. One PFD 

addressed one day. Participants were asked to write down everything they ate and drank using 

the PFD for four consecutive days, of which one day was a weekend day. Each PFD-set of 

four diaries had a unique identification (ID)-number, linking the diaries to the participants. 

The PFD-sets was sent to the participants in advance, because we wanted to have the 

opportunity to ask them specifically about the use of the above-mentioned food items during 

the interview at the Lipid Clinic. Approximately half of the study participants filled out the 

PFD before the visit. Because there were so many that had not filled out the PFD on 

beforehand, we allowed the opportunity to fill it out after the outpatient visit. In these cases 

they were phoned, if necessary, when the PFDs were returned, so that details about the food 

items eaten could be provided. 
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3.3 Blood sample and preparation 

The following blood parameters were analyzed: Total cholesterol, LDL cholesterol, HDL 

cholesterol, TG, apo A-1, apo B, lipoprotein a (Lp (a)), non-fasting glucose, aspartate 

aminotransferase (ASAT), alanine aminotransferase (ALAT), creatinine, creatine kinase 

(CK), iron, transferrin, transferrin saturation, ferritin, vitamin B 12, folate, homocysteine, 

vitamin A, CRP, fibrinogen, estradiol, testosterone, sexual hormone binding protein (SHBG), 

and 25-hydroxy vitamin D (vitamin D). In addition to these blood parameters, we also 

collected EDTA plasma, serum, and blood for isolation of PBMC, all for future analyses. 

Serum tubes were used for vitamin A, estradiol, testosterone, SHBG and vitamin D, a citrate 

tube was used for fibrinogen, an EDTA tube was used for homocysteine, and a heparin tube 

was used for the rest of the blood parameters mentioned above. A cell preparation tube (CPT) 

was used for isolation of PBMC (see below).  

All tubes had to be turned 6-10 times after filling. Serum tubes were stored at room 

temperature for 30 minutes for activation of platelet factors. All tubes were centrifuged at 

3300 rpm for 15 minutes at 4 ºC, except for the citrate tube that was not spun and a serum 

tube that was centrifuged at 2500 rpm for 15 minutes at room temperature. We also collected 

blood samples for future analyses of inflammation markers and markers of hemostasis. EDTA 

plasma and serum was pipetted to 2 ml cryotubes, carefully labeled, and kept on ice until 

storage at – 80 ºC. All, except the CPT tube and EDTA plasma and serum batches, were sent 

to the medical biochemistry division at Rikshospitalet, Oslo University Hospital, for further 

analyses. A doctor at the Lipid Clinic assessed the results from the blood tests. If abnormal 

values, the participant was informed. 

3.4 PBMC-isolation 

PBMC have been shown to be a suitable model system for studying cardiovascular biology 

(81). The present master project is part of a larger project investigating early atherosclerotic 

markers in children with FH. PBMC were therefore isolated for future gene expression 

analyses on inflammatory markers.  

PBMC isolation was performed according to manufacturer’s instructions and as described 

before (82). All blood samples were centrifuged within 2 hours after blood collection. Prior to 
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centrifugation, the blood sample was remixed by inverting the tube 8-10 times. The tube was 

centrifuged at room temperature in a swing out bucket rotor for 20 minutes at 1800 rcf/g. The 

buffy coat was collected with a sterile Pasteur pipette and transferred to a 15 ml Falcon tube. 

This was followed by washing twice with 10 ml phosphate-buffered saline (PBS) and the tube 

was centrifuged for 10 minutes at 300 rcf/g. The supernatants were discarded. Following 

washing, the tube was kept on ice. The pellet was dissolved, transferred to an Eppendorf tube 

and centrifuged at 13 000 rcf/g at 4 ºC for 3 minutes. The remaining supernatant was 

removed, and the pellet was froze dry at – 80 ºC for storage. The Eppendorf tube was 

thoroughly labeled. 

All lab work was documented in the laboratory journal issued by the University of Oslo. All 

experiments were designed with a title, date, ID, purpose, methods, results, discrepancy from 

protocol, other comments, and every page was signed and dated. The PBMC protocol 

summarized above was always the basis for lab work in relation to this thesis. If something 

happened during the time at the lab, and/or if something did not directly follow protocol, it 

was written down in the laboratory journal. 

3.5 Processing dietary data 

3.5.1 KBS 

KBS (version 7.1, year 2014) is a food database and software system developed at the 

Department of Nutrition, University of Oslo. The latest updated database in KBS (named AE-

10) is based mainly on the 2006-version of the official food composition database (83), and 

this was used to compute the dietary information from the PFDs. The use of dietary 

supplements was included in the calculations. The process of getting the dietary information 

in the PFDs into KBS for calculations involved scanning of the PFD and coding of the 

information in the open spaces. 

3.5.2 Scanning of pre-coded food diaries 

The program Cardiff Teleform version 10.5.1 was used for scanning of the PFDs). The 

scanning procedure involved scanning of the PFDs to the computer, were the computer 

program further read and saved the information in the pre-coded fields. Thus, the main 

proportion of dietary information was digitalized. Proof reading of numbers and letters easily 
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misinterpreted was necessary, involving checking manually the computers interpretation with 

the written information in the PFD. For example, the computer would often perceive number 

1 with a “hook” as a number 7. Errors were corrected. When proof read, all pre-coded dietary 

information was saved in one data file that would be used further in the process. 

3.5.3 Running of syntax 

The data file from the scanning process was ran through a corresponding SPSS-syntax file for 

the purpose of translating the information from the PFDs to the digital digits that KBS 

operates with. This is where the “pre-coded” term comes in – it translates the name of the 

food items in the PFD into digit codes that KBS can continue work with. The data was then 

proof-red once more, this time to control that it did not contain unreasonable high values. 

During the scanning process only easily misinterpreted information was checked. Reading 

errors impossible to predict might still have occurred, hence the need for another control 

check. The Frequencies command in SPSS, giving information about amounts of food items 

eaten, was used to inspect the quantities registered. If any amounts eaten seemed 

unreasonable, these were connected to the ID number and checked with the information 

written in the PFDs. Examples of “suspiciously high” amounts that were checked in this 

material are 21 glasses of water, 14 glasses of skimmed milk, 30 grapes and 10 tomatoes. 

Only a few errors were detected, and these were corrected in the SPSS file. 

3.5.4 Coding of open spaces 

To make the dietary recording as accurate as possible, there are in addition open spaces 

throughout the diaries that the participants can write in words what they have eaten. This 

written information need to be converted to a digit code as well, before it can be imported and 

further processed in KBS. This process, that is called “coding”, needs to be handled manually, 

and this procedure is described in this chapter. 

As mentioned, every single food item in KBS, derived from the Norwegian food composition 

table (83), is connected to a unique digit code. When searching for a food item in KBS, a list 

with different alternatives that matches the search word and their code appear. How many 

alternatives that appear depend on how specific the search word is. There are often also 

alternatives for the same food item depending on the cooking method used. The item that 

matches the information in the open space the most is chosen. The code that is linked to this 
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item is used to convey the information written in the open space to KBS. For all food items 

written in the open spaces, the corresponding code was found in KBS. If a food item or dish 

did not exist in the food database, we could create a new food item or dish for personal use. 

This implied adding ingredients to a recipe, and giving it a digit code that the KBS program 

would recognize equally to the other digit codes in the database. 

Import of information in the open spaces to KBS need to go via the text program Notepad to 

prevent format tags that could possibly interfere with the digit codes making them unreadable 

to KBS. In this notepad file information about food item eaten and in what amount, along 

with in which of the four PFDs it was written and at what time of the day it was eaten, is 

linked up against the ID-code, ensuring that the information is added to the rest of the 

information from the right PFD derived from the scanning process. 

The information in the notepad file needs to be set up in a certain order for KBS to process the 

information right. The set up consists of separate lines with person variables, consumption 

variables and meal components, indicated as “P”, “K” and “M”, respectively. The P-line 

contains the ID-number of the PFD-set of one participant, linking the following dietary 

information to the dietary information from the scanning process. It also contains information 

about the number of food recording days, which in this case were four for all participants. The 

K-line contains information about in what of the four diaries in the PFD-set the information 

was written, and at what time of the day it was eaten. The M-line contains information about 

what food items that have been eaten and in what amounts at the time period written in the K-

line. The food items eaten are expressed as the code it is represented by in KBS. The amount 

eaten must be written as eatable amount, meaning that the weight of any bones, skin etc., as 

well as the weight loss during frying, boiling, etc. needs to be subtracted. The weight needs to 

be entered in grams, except for dietary supplements, were the amount also can be in milliliters 

or milligrams, or it can be in numbers of capsules. Only one P-line is used for each 

participant. Beneath this P-line comes K- and M-lines, the number depending on at how many 

different time points the participant have been eaten an amount of a food item that is written 

down in an open space.  

KBS has values of quantity units for many food items, such as the weight in grams of one 

plum or one portion of bacalao. This is helpful if the participant has not weighed the food 

item, but only written for example “one plum” in an open space. When such occurred, the 

quantity units were always used, and if more than one alternative, the middle size was used if 
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possible, if not the largest unit was chosen. An example of this is the case of the plum: The 

quantity units in KBS says that one small plum weighs 25 grams, a medium plum weighs 50 

grams, and a large plum weighs 75 grams. When alternatives like this, the amount of the one 

in the middle was always used. 

During the interview, we specifically asked about the following food items: “Vita hjertego’”-

margarine, “Vita hjertego’ gul”-cheese, low-fat salami, as well as type of meat in the 

following dishes: taco, pita, pasta Bolognese and lasagna. For these dishes listed in the PFD, a 

similar dish was made in KBS, only with low-fat meat instead of full fat meat. In addition, a 

taco-dish with tortillas instead of taco shells was made, one alternative with full fat meat, and 

one alternative with lean meat. The new recipe was identical to the one in the PFD regarding 

type and amounts of ingredients, except the type of meat. Weight change and quantity units of 

the original recipe were also identical in the new recipe. For the taco tortilla-dish, the 

ingredients were the same as in the taco shell-dish, but a wrap-recipe in KBS was used as a 

template for the amounts of each ingredient. 

When all the dietary information in the open spaces in all PFDs had been coded, the notepad 

file was ready to be imported to KBS, along with the data file from the scanning process. 

3.5.5 Import to KBS 

A project account in KBS was created, and data from the scanning and coding process was 

imported to this. Hence, all the dietary information from the PFDs for all participants in the 

study was now in KBS. From this project account dietary reports could be requested. Last 

control step before ordering dietary reports, was proof reading the coded information from the 

open spaces, to ensure that the information it contained was correct. In KBS, it is possible to 

obtain a correcting report where the codes from the notepad file are translated to food items 

and amounts. This needs to be looked over to ensure that food items and amounts seem 

reasonable. With that done, the whole material has then been proof read to be correct. 

3.5.6 Ordering dietary reports 

A lot of information from the dietary survey could be obtained from KBS. We chose to get 

the following reports: intake of macronutrients in energy percent (E %) per person per day, 

intake of macro- and micronutrients in units per person per day, intake of food groups (both 



23 

 

main- and subgroups, defined by KBS) in grams per 10 megajoule (MJ) per person per day 

(g/10 MJ/d), in order to say something about the quality of the diet (84) and in grams per 

person per day (g/d), and food group contribution to nutrients for the whole group in 

percentage. When ordering reports, data were transferred from KBS to Microsoft Excel 2010. 

All reports were transferred to separate Excel-files. The copy-paste function was used to make 

one Excel data file with all the variables we wanted to investigate. 

3.6 Statistical analysis 

The Excel file with data from The Lipid Clinic was merged with the Excel file with all dietary 

data from KBS. This file containing all project data was then opened in the statistical program 

IBM SPSS Statistics version 20 for further analysis. Randomly selected variables from this 

SPSS file was checked against the raw data file to ensure that the dataset did not contain any 

errors. 

Statistical analyses in this thesis are mainly describing. Results are mainly shown for the total 

study population, and further divided into girls and boys, or into new visitors and follow-up 

visitors. New visitors were defined as those participants where neither they nor their parents 

had visited the Lipid Clinic before. Follow-up visitors were defined as those participants who 

had either visited the Lipid Clinic before themselves, or had parents who had been there. This 

division was made because it is likely that the children have the same diet as their parents, and 

thus are influenced by dietary advice from the Lipid Clinic. In some analyses participants who 

use cholesterol-lowering medication are excluded. Among the 54 participants in the study 

population, some were siblings. Due to the number of participants in the study, we have 

carried out all analyses with siblings. However, we also carried out all analyses without 

siblings to ensure independence in the data material. One subject in each sibling-pair was 

randomly assigned to be included in the non-sibling file. All analyses have been carried out 

both with and without siblings. All results with siblings are shown in the results section, while 

all results without siblings are shown in appendix 11. 

In those analyses were the total sample size was lower than 30, variables were treated as non-

parametric, as suggested by Altman (85). For all other variables, normal distribution was 

assessed using histograms, normal Q-Q-plots and detrended Q-Q-plots. Most variables were 

not normally distributed. Based on this, non-parametric methods are used for all data, and all 

data are presented as median (25 th – 75 th percentiles). Wilcoxon test was used for testing 
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changes in variables within one group, Mann Whitney U Test and Kruskal-Walis test was 

used for testing the differences in variables between two and three groups, respectively, and 

Spearman`s correlation coefficient (rsp) was used for describing the correlation between two 

continuous variables. For categorical variables, Chi Square test was used when the premises 

for using this test were present (that is, 80 % of cells having expected count over 5 and all 

cells having expected count over 1), if not, Fisher’s Exact test was used. A two-sided p-value 

< 0.05 was considered statistically significant. 
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4 Results 

4.1 Subject characteristics 

Characterization of the study population is shown in table 4. The median age of the study 

population was 12 years (min 5 years, max 18 years). Among the participants, 10 of 54 were 

new visitors. All but three had mutation-verified FH. The three who did not have mutation-

verified FH, were assessed to have FH based on clinical examination and the Simon Broome 

criteria (34). The reference values given in table 4 are a range of the reference values for girls 

and boys 12 years, reflecting the median age of the group. The reference values are used by 

the Department of Clinical Biochemistry, Oslo University Hospital. As expected, both total 

and LDL cholesterol was higher than the reference value. All other blood values were within 

normal range. There were little differences between girls and boys. As expected, girls had a 

higher level of estradiol in blood compared with boys, and boys had a higher level of 

testosterone in blood compared with girls. The girls also had a higher vitamin D-status 

compared with boys. In general, we see the same pattern when siblings are not included in the 

analysis, see appendix table A1.
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Table 4. Subject characteristics. 

  
        

 
Total, n = 54 Girls, n = 31 Boys, n = 23 Reference values

1
 p

2
 

Age, years 12 (10-15) 13 (10-15) 11 (10-15) 
 

0.74 

Girls, % 57 - - 
 

- 

Siblings, % 46 55 35 
 

0.14 

Weight, kg 48 (33-60) 51 (33-59) 44 (32-68) 
 

0.71 

Heigh, cm 156 (140-168) 158 (140-164) 154 (138-174) 
 

0.40 

iso-BMI normal, %3 74 74 74 
 

0.98 

iso-BMI ≤ 18.5, %3 7 7 9 
 

1.00 

iso-BMI ≥ 25, %3 19 19 17 
 

1.00 

Cholesterol-lowering medication, % 35 36 35 
 

0.96 

Plant sterols, % 15 13 17 
 

0.71 

Smart Diet score4 32 (30-35) 32 (30-35) 33 (30-34) 
 

0.95 

Totalcholesterol, mmol/l 5.6 (5.0-7.1) 5.6 (5.1-7.1) 5.5 (4.9-7.1) 3.0-5.5 0.73 

LDL cholesterol, mmol/l 4.1 (3.3-5.4) 4.1 (3.3-5.2) 3.6 (3.3-5.4) < 3.0 0.85 

HDL cholesterol, mmol/l 1.4 (1.2-1.7) 1.5 (1.3-1.8) 1.4 (1.2-1.6) 0.8-2.7 0.15 

Triglycerides, mmol/l 0.8 (0.6-0.9) 0.8 (0.5-0.8) 0.8 (0.6-1.1) 0.5-2.6 0.27 

Apo A-1, g/l 1.4 (1.3-1.5) 1.4 (1.3-1.6) 1.4 (1.3-1.5) 1.0-2.3 0.34 

Apo B, g/l 1.1 (0.9-1.4) 1.2 (1.0-1.4) 1.1 (0.9-1.4) 0.5-1.3 0.65 

Lp (a), mg/l5 287 (97-637) 269 (107-603) 289 (91-658) - 0.91 

CRP, mg/l 0.6 (0.6-0.6) 0.6 (0.6-0.6) 0.6 (0.6-1.1) < 4 0.20 

Fibrinogen, g/l6 2.8 (2.6-3.1) 2.8 (2.5-3.0) 2.9 (2.5-3.1) 1.7-4.0 0.97 

Estradiol, nmol/l7 0.10 (0.05-0.18) 0.15 (0.05-0.29) 0.05 (0.04-0.12) - 0.004 

Testosterone, nmol/l7 0.6 (0.5-2.7) 0.5 (0.5-1.4) 5.2 (0.5-13.3) - 0.012 

SHBG, nmol/l7 58 (37-86) 65 (46-90) 49 (32-82) - 0.10 

Glucose non-fasting, mmol/l5 4.9 (4.7-5.4) 4.8 (4.6-5.3) 5.1 (4.8-5.6) 4.0-6.08 0.16 

ASAT, U/l 29 (27-33) 29 (26-32) 29 (27-36) 15-45 0.55 

ALAT, U/l 17 (13-19) 17 (13-21) 17 (14-18) 10-45 0.73 

Creatinine, µmol/l9 49 (42-59) 50 (42-59) 49 (40-63) 37-63 0.93 

CK, U/l5 124 (97-170) 113 (91-170) 140 (109-170) 30-250 0.13 

Iron, µmol/l10 15.0 (9.3-18.0) 17.0 (9.0-21.0) 14.0 (10.0-16.5) 9-22 0.27 

Transferrin, g/l11 2.8 (2.6-3.1) 2.7 (2.6-2.9) 2.8 (2.6-3.2) 2.0-3.3 0.16 

Transferrin saturation, %11 0.20 (0.14-0.26) 0.21 (0.14-0.30) 0.19 (0.14-0.24) 0.10-0.57 0.22 

Ferritin, µg/l 31 (24-46) 32 (22-58) 31 (28-43) 10-140 0.78 

Vitamin B12, pmol/l10 393 (331-553) 398 (332-562) 367 (325-552) 150-650 0.51 

Folate, nmol/l10 19 (15-24) 19 (15-25) 19 (17-23) > 10 0.88 

Homocysteine, µmol/l12 7.0 (5.0-8.0) 6.0 (5.0-8.0) 7.0 (5.0-8.0) 3-12 0.75 

Vitamin A, µmol/l7 1.3 (1.1-1.6) 1.4 (1.1-1.6) 1.3 (1.1-1.5) 1.2-3.6 0.33 

Vitamin D (25-hydroxy), nmol/l7 48 (39-59) 56 (44-64) 43 (35-50) 37-131 0.006 

Data are presented as percentage or median (25 th - 75 th percentile). Blood samples are mainly non-fasting. BMI, body mass index; 

LDL cholesterol, low-density lipoprotein cholesterol; HDL cholesterol, high-density lipoprotein cholesterol; Apo (A-1, B),  

apolipoprotein (A-1, B); Lp(a), lipoprotein (a); CRP, C-reactive protein; ASAT/ALAT, aspartate/alanine aminotransferase;  

CK, creatine kinase; SHBG, sex hormone-binding globulin. 
1The reference values are given as a range for the reference values for girls and boys 12 years, reflecting median age of the study population. 
2Girls vs. boys (Mann-Whitney U test, Chi-Square test or Fisher's Exact test). 
3iso-BMI is BMI adjusted for age. 
4Smart Diet is a self-administered questionnaire used by the Lipid Clinic to assess a patient’s diet, optimal score is 41 points. 
5Total n = 50, girls = 28, boys = 22. 
6Total n = 41, girls = 23, boys = 18. 
7Total n = 47, girls = 27, boys = 20. 
8Reference value for fasting glucose. 
9Total n = 53, girls = 30, boys = 23. 
10Total n = 48, girls = 27, boys = 21. 
11Total n = 47, girls = 26, boys = 21. 
12Total n = 46, girls = 26, boys = 20.
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4.2 Characterization of the diet 

4.2.1 Intake of macronutrients 

The intake of macronutrients is shown in table 5. The NCEP recommendations for the 

nutrient composition of the diet are also summarized in the table (53). The recommendation of 

TFA is adopted by the European Society of Cardiology and the European Atherosclerosis 

Society (55), and the recommended threshold of added sugar is given by the Nordic Nutrition 

Recommendations (NNR) (56). 

Table 5. Intake of macronutrients in children with familial hypercholesterolemia. 

    Total, n = 54 Girls, n = 31 Boys, n = 23 Recommendations
1
 p

2
 

Energy, kJ 7276 (6202-8704) 6953 (5641-8051) 7956 (6864-8712) balanced intake 0.19 

Protein, E % 16.8 (15.3-18.7) 16.7 (15.6-19.0) 16.8 (14.7-18.1) 15 0.36 

Fat, E % 30.8 (28.7-33.9) 30.6 (28.4-33.4) 31.9 (29.1-35.2) 25-35 0.26 

Saturated fat, E % 12.0 (10.0-13.9) 11.9 (10.2-13.5) 13.1 (9.7-14.4) < 7 0.85 

Trans fatty acids, E % 0.4 (0.3-0.5) 0.4 (0.3-0.5) 0.3 (0.3-0.5) < 1
3
 0.90 

Monounsaturated fat, E % 10.4 (9.1-11.0) 10.1 (8.9-10.9) 10.6 (9.5-11.7) up to 20 0.12 

Polyunsaturated fat, E % 5.9 (5.1-6.7) 5.7 (4.8-6.6) 6.1 (5.4-7.6) up to 10 0.09 

Total unsaturated fat, E % 16.7 (14.8-17.6) 15.7 (14.6-16.9) 16.9 (15.6-18.4) - 0.02 

PS-ratio
4
 0.50 (0.37-0.67) 0.45 (0.36-0.61) 0.45 (0.37-0.60) - 0.21 

Cholesterol, mg 184 (137-258) 169 (130-225) 197 (147-273) < 200 0.13 

Carbohydrates, E % 48.0 (45.5-52.4) 48.0 (45.9-52.3) 48.0 (45.0-52.6) 50-60 0.94 

Added sugar, E % 10.2 (6.3-14.1) 9.0 (6.1-11.5) 13.7 (7.2-16.9) < 10
5
 0.04 

Fiber, g 18 (13-22) 18 (13-25) 16 (13-22) 20-30 0.69 

Data are presented as median (25 th - 75 th percentile). kJ, kiloJoule; E %, energy percent. 
1
The nutrient composition of the diet recommended by the National Cholesterol Education Program (NCEP) 

(53). 
2
Girls' vs. boys' intake (Mann-Whitney U test). 

3
Recommended by the European Society of Cardiology and the European Atherosclerosis Society (55). 

4
PS-ratio is the ratio between polyunsaturated fat and saturated fat. 

5
Recommended by the Nordic Council of Ministers (56). 

 

The total fat intake was within NCEPs recommended range of 25-35 E %. The median intake 

of saturated fat was 12.0 E %, which is higher than the recommended threshold of 7 E %. All 

the other types of fat were within recommended range. The boys had a higher intake of total 

unsaturated fat, that is MUFA and PUFA combined, compared with girls (p = 0.02). The 

median intake of added sugar was 10.2 E %. The NNR recommends that the intake of added 

sugar should be lower than 10 E %. The boys had a significantly higher intake of added 

sugars compared with girls, the median intake being 13.7 E % in boys and 9.0 E % in girls (p 

= 0.04). The median intake of fiber of 18 grams is below the recommended 20-30 grams. 
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Converted to g/MJ, the median intake of fiber in the total study population was 2.6 g/MJ. 

Only six subjects indicated the use of alcohol. 

When siblings are not included, we see mostly the same pattern, except for added sugar and 

cholesterol, see appendix table A2. The boys still had a higher median intake of sugar 

compared with girls, but the difference was no longer statistically significant, most likely due 

to the smaller number of subjects. The boys also had a higher median intake of cholesterol 

compared with girls, the difference being statistically significant (p = 0.03). 

4.2.2 Intake of micronutrients 

The intake of micronutrients is shown in table 6. The NNR has given recommendations for 

daily intake of nutrients for different age groups (56). Here, recommendations are given as a 

range of the recommended intake for girls and boys 10-13 years, reflecting the median age of 

the group (12 years). The recommendations are made for planning diet for groups, and are 

lower for almost all individuals, but it gives guidance to whether or not the intake of 

micronutrients is satisfying. 

Table 6. Intake of micronutrients in children with familial hypercholesterolemia. 
 

  Total, n = 54 Girls, n = 31 Boys, n = 23 Recommended intake
1
 p

2
 

Vitamin A, RAE 746 (512-1226) 658 (404-1226) 828 (590-1188) 600 0.31 

Vitamin D, μg 8.6 (3.4-15.4) 8.0 (2.8-14.8) 9.6 (5.2-16.8) 10 0.34 

Vitamin E, mg  13.3 (8.9-18.3) 12.3 (8.6-17.2) 14.1 (9.4-24.3) 7-8 0.14 

Thiamin, mg 1.3 (1.0-1.6) 1.3 (0.9-1.6) 1.3 (1.1-1.7) 1.0-1.1 0.42 

Riboflavin, mg 1.5 (1.1-2.1) 1.4 (1.1-2.0) 1.6 (1.1-2.3) 1.2-1.3 0.33 

Vitamin B6, mg 1.4 (1.0-1.9) 1.4 (1.0-1.9) 1.5 (0.8-1.8) 1.1-1.2 0.44 

Folate, μg 180 (142-254) 178 (124-228) 216 (148-288) 200 0.30 

Vitamin B12, μg 4.8 (3.9-6.6) 4.6 (3.7-6.6) 5.6 (4.1-7.5) 2.0 0.36 

Vitamin C, mg 81 (51-111) 81 (56-120) 81 (49-109) 50 0.51 

Calcium, mg 846 (650-1036) 837 (625-1033) 925 (653-1059) 900 0.54 

Iron, mg 7.4 (6.2-10.6) 7.1 (5.6-10.1) 8.5 (6.3-11.7) 11 0.31 

Sodium, mg 2252 (1668-2679) 2114 (1699-2556) 2311 (1657-2743) <2300 0.63 

Potassium, mg 2642 (2123-3249) 2659 (2160-3103) 2545 (2034-3426) 2900-3300 0.75 

Magnesium, mg 271 (228-324) 259 (224-309) 291 (241-380) 280 0.30 

Zinc, mg 9.2 (7.8-11.3) 8.8 (7.6-10.5) 10.2 (8.5-11.8) 8-11 0.10 

Selenium, μg 35 (28-53) 34 (29-41) 35 (26-65) 40 0.52 

Copper, mg 1.0 (0.8-1.3) 1.0 (0.7-1.3) 1.0 (0.8-1.2) 0.7 0.39 

Phosphorus, mg 1349 (1087-1650) 1343 (1072-1587) 1387 (1092-1724) 700 0.70 

Data are presented as median (25 th - 75 th percentile). RAE, retinol activity equivalents. 
1
Recommended daily intake of nutrients, for use in planning diets for groups (56). The requirements are lower 

for almost all individuals. Values shown is a range of the recommended intake for girls and boys 10-13 years, 

reflecting the median age of the FH-group (12 years). 
2
Girls' vs. boys' intake (Mann-Whitney U test). 
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Dietary supplements are included in the data analysis. 29 of 54 participants used one or more 

dietary supplements during the dietary registration period. Most of these participants used cod 

liver oil either liquid or as capsules. Some used the vitamin supplement “Sanasol”, and only a 

few used multivitamin- and mineral capsules. The dietary supplements were a main 

contributor to many of the micronutrients; vitamin A, D, E, thiamin, riboflavin, vitamin B6, 

folate, vitamin C, iron, zinc and copper (see appendix table A6). There were no differences in 

the intake of dietary supplements between girls and boys.  

There were no statistically significant differences in the intake of micronutrients between girls 

and boys. The total study population’s median intake of vitamin D, iron, potassium and 

selenium were lower than the recommended value. This was true for the median intake of 

both girls and boys as well. The total study population’s median intake of folate, calcium and 

magnesium was lower than recommended value, but when looking at girls and boys 

separately, we see that the boys had a median intake above the recommended value, while the 

girls had a median intake below the recommended value. However, this difference was not 

statistically significant for any of the nutrients. The total study population’s intake of sodium 

was below the recommended threshold value, but the boys had a slightly higher median intake 

than the threshold value, while the girls had not. All other values were within or higher than 

the recommended values.  

When siblings are not included, we see the same pattern, see appendix table A3. The 

exception is sodium, in which the median intake was higher than the recommended threshold 

value for both the total study population, and for girls and boys separate. 

4.2.3 Description of food intake 

Food intake in g/10 MJ/day is shown in table 7. All main food groups and chosen subgroups 

defined by KBS are presented. For almost all food groups, there are many who have not eaten 

any amounts (called “null-consumers”). Because of that, we get a skewed distribution for all 

food groups, with many on the null-value, and some who have eaten the food in small 

amounts or in larger amounts. To describe the intake of different food groups in the best way, 

both mean (SD) and 25 th, 50 th (median) and 75 th percentiles are shown for all food groups. 

The girls had a higher total food intake compared with boys, but the difference was not 

statistically significant. Although there were differences between girls and boys in the intake 
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of different food groups in energy-adjusted amounts, none of these differences were 

statistically significant. In this population, bread, cereals, vegetables, fresh fruit and berries, 

meat and milk were quantitative important food categories. Water constituted most of the 

fluid intake. All participants consumed butter, margarine and oil. Potatoes, fish and fish 

products were also included in most participants’ diet. Nuts, seeds and olives were eaten by 

only a few. The girls had a higher intake of both vegetables and fresh fruit and berries in g/10 

MJ, but only when combining the two food groups, the difference between girls and boys was 

statistically significant (p = 0.02, not shown in table). 

Most participants drank either semi-skimmed or skimmed milk in favor of whole milk, semi-

skimmed milk being the most frequent. The same was observed for low-fat cheese compared 

to full-fat cheese, where low-fat cheese constituted most of the cheese eaten. All participants 

also consumed butter, margarine and oil. This includes fat used in cooking. The boys tended 

to have a higher intake of margarine, oil, mayonnaise and dressing compared with girls (p = 

0.09). Many did also eat pizza, cakes and sugar, sweets and snacks. Included in the latter are 

sweet toppings such as honey and chocolate toppings, candy and potato chips. Most of the 

amounts eaten were due to candy (data not shown in the table). In addition, intake of both 

sugar-sweetened and artificial-sweetened beverages was frequent among both girls and boys. 

The boys had a higher intake of sugar-sweetened beverages compared with girls, the p-value 

being borderline significant (p = 0.06). Generally the same pattern was observed when 

siblings were excluded (see appendix table A4).
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Table 7. Food intake in gram per 10 MJ per day in children with familial hypercholesterolemia. 

  

  
 

Total, n = 54 
 

Girls, n = 31 
 

Boys, n = 23   
 

  n
1
 mean (SD) P25 P50 P75   n

1
 mean (SD) P25 P50 P75   n

1
 mean (SD) P25 P50 P75   p

2
 

Total food intake 54 2887 (703) 2400 2736 3290 
 

31 3032 (796) 2482 2826 3386 
 

23 2691 (507) 2212 2661 3090 
 

0.11 

Bread 54 181 (82) 113 171 261 
 

31 188 (88) 124 171 290 
 

23 172 (74) 108 172 229 
 

0.47 

Whole grain bread 43 95 (82) 9 95 162 
 

24 86 (85) 8 76 144 
 

19 106 (79) 21 114 173 
 

0.34 

Cereals 53 114 (91) 47 92 153 
 

30 106 (96) 46 73 153 
 

23 123 (85) 85 112 161 
 

0.23 

Pizza 31 66 (88) 0 39 92 
 

15 61 (98) 0 0 88 
 

16 72 (74) 0 81 116 
 

0.22 

Cakes 40 32 (30) 3 28 47 
 

26 36 (28) 6 37 60 
 

14 26 (32) 0 13 46 
 

0.09 

Potatoes 46 48 (49) 23 41 65 
 

26 44 (32) 24 41 64 
 

20 53 (66) 22 40 72 
 

0.75 

Vegetables 51 172 (149) 73 132 223 
 

30 202 (178) 89 183 243 
 

21 130 (85) 72 106 187 
 

0.11 

Fruit and berries 50 243 (185) 88 232 351 
 

30 289 (203) 143 250 411 
 

20 180 (138) 49 197 311 
 

0.07 

Fresh fruit and berries 47 138 (122) 37 109 217 
 

30 164 (130) 63 139 223 
 

17 104 (102) 0 66 203 
 

0.08 

Jam 19 10 (20) 0 0 14 
 

13 12 (24) 0 0 19 
 

6 6 (12) 0 0 10 
 

0.26 

Juice 32 90 (117) 0 50 130 
 

22 107 (129) 0 79 129 
 

10 68 (96) 0 0 137 
 

0.17 

Nuts, seeds, olives 13 3 (7) 0 0 0 
 

10 4 (9) 0 0 6 
 

3 1 (4) 0 0 0 
 

0.08 

Meat and innards 54 133 (75) 72 119 181 
 

31 131 (71) 62 131 184 
 

23 135 (81) 84 111 180 
 

0.99 

Fish and shellfish 46 60 (54) 19 51 85 
 

27 68 (63) 21 47 102 
 

19 49 (40) 8 54 77 
 

0.40 

Eggs 22 16 (25) 0 0 35 
 

12 15 (23) 0 0 35 
 

10 19 (28) 0 0 34 
 

0.69 

Milk, cream, ice cream, etc 54 508 (279) 312 466 682 
 

31 512 (297) 256 468 686 
 

23 502 (261) 330 436 676 
 

0.92 

Milk total 51 411 (297) 170 368 603 
 

29 422 (312) 160 365 662 
 

22 396 (281) 181 370 539 
 

0.77 

Whole milk 7 6 (21) 0 0 0 
 

4 8 (25) 0 0 0 
 

3 5 (15) 0 0 0 
 

0.99 

Semi-skimmed milk 42 214 (288) 8 88 249 
 

25 217 (302) 8 87 382 
 

17 211 (276) 0 151 246 
 

0.67 

Skimmed milk 26 112 (157) 0 0 212 
 

17 123 (166) 0 52 215 
 

9 97 (147) 0 0 208 
 

0.46 

Yoghurt 28 62 (78) 0 35 101 
 

15 55 (73) 0 0 99 
 

13 72 (84) 0 43 137 
 

0.46 

Cream, sour cream 30 12 (21) 0 3 15 
 

19 11 (13) 0 11 16 
 

11 14 (28) 0 0 11 
 

0.26 

Ice cream 17 16 (29) 0 0 28 
 

10 16 (31) 0 0 30 
 

7 15 (28) 0 0 18 
 

0.86 

Cheese 50 38 (33) 17 32 50 
 

28 41 (38) 15 35 49 
 

22 34 (23) 19 29 54 
 

0.71 

White cheese, full-fat 19 7 (13) 0 0 13 
 

12 9 (15) 0 0 13 
 

7 5 (9) 0 0 13 
 

0.47 

White cheese, low-fat 34 20 (29) 0 11 26 
 

18 20 (33) 0 6 26 
 

16 21 (25) 0 15 27 
 

0.41 

Brown cheese 21 6 (10) 0 0 12 
 

14 8 (11) 0 0 14 
 

7 5 (10) 0 0 9 
 

0.27 

Butter, margarine, oil 54 26 (16) 13 25 36 
 

31 24 (13) 14 23 33 
 

23 30 (19) 12 28 42 
 

0.36 

Butter and unspesified butter/margarine 49 6 (7) 2 4 9 
 

30 7 (8) 2 4 10 
 

19 5 (4) 2 4 8 
 

0.30 

Margarine, oil, mayonnaise, dressing 53 20 (16) 9 16 32 
 

31 17 (13) 6 12 26 
 

22 25 (18) 10 23 36 
 

0.09 

Sugar, sweets, snacks 51 47 (39) 16 39 67 
 

30 42 (37) 14 31 65 
 

21 55 (41) 17 51 81 
 

0.26 

Beverages 54 1149 (666) 713 1020 1486 
 

31 1194 (755) 680 985 1594 
 

23 1088 (533) 730 1020 1223 
 

0.91 

Sugar-sweetened 42 189 (193) 28 113 329 
 

23 138 (148) 0 72 228 
 

19 256 (226) 40 244 392 
 

0.06 

Artificial-sweetened 23 139 (219) 0 0 273 
 

15 149 (237) 0 0 186 
 

8 126 (196) 0 0 277 
 

0.54 

Alcohol 6 39 (143) 0 0 0 
 

5 42 (124) 0 0 0 
 

1 35 (168) 0 0 0 
 

0.21 

Water, coffee, tea, etc. 52 782 (559) 355 713 1049 
 

30 864 (631) 288 768 1130 
 

22 671 (432) 363 591 927 
 

0.32 

Various 52 98 (74) 51 79 129   30 107 (84) 49 92 145   22 86 (57) 52 76 105   0.36 

Data are presented as mean (SD) and 25 th, 50 th (median), 75 th percentile (P25, P50, P75).  
1Number of subjects who have eaten > 0 g/10MJ/d. Note that all data presented are including the null-consumers. 2Girls' vs. boys' intake (Mann-Whitney U test). 
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The different food groups’ contributions to macro- and micronutrients are shown in appendix 

table A5 and table A6, respectively. We see from table A5 that bread, cereals, meat, dairy 

products (not including cheese), butter, margarine and oil, and sugar, sweets and snacks was 

the most important food groups contributing to macronutrient intake (contributed substantially 

to the intake of three or more macronutrients). In table A6 we see that bread, cereals, 

vegetables, fruit and berries, meat, fish, dairy products (not including cheese) and butter, 

margarine and oil was the important food groups contributing to the micronutrient intake 

(contributed substantially to the intake of three or more micronutrients). As mentioned earlier, 

and also shown in the table, dietary supplements contributed largely to many micronutrients. 

Meat and milk products, including cheese, contributed to approximately 60 % of the intake of 

SFA and TFA. The large contribution from cereals may be due to the pizza that is included in 

this category. ‘Butter, margarine and oil’ was the main contributor to unsaturated fats (MUFA 

and PUFA). 

4.2.4 Relation between dietary fats, blood lipid levels and other 

blood parameters 

To investigate the relation between different types of dietary fats and blood lipid levels, we 

carried out correlations between two and two continuous variables. The correlations between 

chosen dietary lipids and blood lipid levels are shown in table 8. 35 participants not on 

cholesterol-lowering medication constitute the basis for these correlations. There were no 

correlations between total fat and blood lipid levels (data not shown). 

Table 8. Correlations between dietary intake of saturated and polyunsaturated fat and blood 

lipid levels. 

 
Non-statin users, n = 35 

 
Saturated fat intake 

 
Polyunsaturated fat intake 

 
PS-ratio

1
 

  r p 
 

r p 
 

r p 

Total cholesterol 0.43 0.01 
 

-0.27 0.12 
 

-0.42 0.01 

LDL cholesterol 0.33 0.06 
 

-0.32 0.06 
 

-0.38 0.03 

HDL cholesterol 0.18 0.30 
 

0.07 0.70 
 

-0.04 0.80 

Triglycerides 0.12 0.48 
 

0.11 0.54 
 

-0.03 0.87 

Apo A-1 0.34 0.047 
 

0.14 0.43 
 

-0.13 0.47 

Apo B 0.31 0.07 
 

-0.30 0.08 
 

-0.35 0.04 

r is Spearman's correlation coefficient. Children using cholesterol-lowering medication were excluded. 

LDL cholesterol, low-density lipoprotein cholesterol; HDL cholesterol, high-density lipoprotein cholesterol; Apo 

(A-1, B), apolipoprotein (A-1, B). 
1
PS-rato is the ratio between polyunsaturated fat and saturated fat. 
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The positive correlation between SFA intake and total cholesterol was significant, indicating 

that higher intake of SFA are associated with higher total cholesterol. We see the same pattern 

for LDL cholesterol and apo A-1 and B. HDL cholesterol and TG were not associated with 

the intake of SFA. The negative correlations between PUFA intake and LDL cholesterol and 

apo B are borderline significant (p = 0.06 and 0.08, respectively), indicating that a higher 

intake of PUFA are associated with lower LDL cholesterol and apo B. We did not see any 

association between PUFA intake and the other blood lipid values. When using the 

polyunsaturated fat/saturated fat ratio (the PS-ratio) we see a significant negative correlation 

with total cholesterol, LDL cholesterol and apo B, indicating that a reduced intake of SFA 

combined with a higher intake of PUFA is associated with these lipids. We did not see any 

association between PS-ratio and HDL cholesterol, TG and apo A-1. In general, the same 

pattern is seen when siblings are not included in the analysis, see appendix table A7. The 

exception is for PUFA intake, were the significant association with LDL cholesterol and apo 

B disappears. 

No correlation was seen for SFA and PUFA intake on CRP and fibrinogen levels (data not 

shown). We found no correlation between the parent’s Smart Diet score and the children’s 

intake of sugar or different types of fat. In addition we did not see any relation between the 

parent’s education level and the children’s intake of sugar or different types of fat. 

4.2.5 Compliance to dietary guidelines 

To get a measure of whether children with FH adhere to current dietary guidelines, we 

calculated how many percent of the study population that was compliant to the NCEP dietary 

recommendations (see table 9). We see that no participant was 100 % compliant to the 

recommendations, as no participant had an intake of SFA below 7 E %. 13 participants (24 %) 

had an SFA intake below 10 E %, which is the threshold recommended for the general 

population (56). All participants adhered to the recommendations regarding TFA and MUFA, 

and the majority of participants also adhered to the recommendations regarding PUFA and 

total fat. 
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Table 9. Percent of study population that are compliant to 

the dietary recommendations. 

Recommendations Percent of population compliant 

Fat 25-35 E % 76 

Saturated fat < 7 E % 0 

Trans fatty acids < 1 E %
1
 100 

Monounsaturated fat 0-20 E % 100 

Polyunsaturated fat 0-10 E % 98 

Cholesterol < 200 mg 65 

Carbohydrates 50-60 E % 35 

Added sugar < 10 E %
2
 46 

Fiber 20-30 g 26 

Data are presented as percentage. The dietary recommendations are based  

on the National Cholesterol Education Program (NCEP)-guidelines (53).  

A participant was counted as compliant if meeting the guideline. Protein is  

not included because NCEP has not given any range value for this nutrient. 

E %, energy percent. 
1
Trans fatty acids as recommended by the European Society of Cardiology  

and the European Atherosclerosis Society (55). 
2
Added sugar as recommended by the Nordic Council of Ministers (56). 

4.2.6 Effects of dietary counselling on blood parameters 

To investigate the effect of dietary counseling on blood parameters, we compared blood 

parameters and intake of macronutrients between new visitors and follow-up visitors who 

were not on current cholesterol-lowering medication. The comparison between blood 

parameters in new visitors and follow-up visitors is shown in table 10. The level of blood 

total cholesterol and the level of blood LDL cholesterol were lower (borderline significant) in 

follow-up visitors compared with new visitors (p = 0.07 for both). There was no difference in 

CRP or fibrinogen between new visitors and follow-up visitors. We see the same pattern when 

siblings are not included in the analysis, see appendix table A8. 

The intake of macronutrients in the new visitors group and the follow-up group is shown in 

table 11. There were no statistically significant differences in the intake of macronutrients 

between the two groups. However, it is interesting to note that follow-up visitors had an 

intake of SFA of 11.6 E % compared to 12.9 E % in new visitors. Also, the follow up visitors 

had an intake of 15.9 E % total unsaturated fat compared to 13.6 E % total unsaturated fats in 

new visitors. The PS-ratio was therefore higher in follow up patients (0.51) compared to new 

visitors (0.42), though not statistically significant. Generally, we see the same pattern in the 

group without siblings, even though there are some differences in the median intake of 

macronutrients with and without siblings, see appendix table A9. 
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There were no differences between new visitors and follow-up visitors considering age, sex, 

levels of testosterone or estradiol, or use of plant sterols, see table 12. The same applies when 

siblings are not included, see appendix table A10. 

Table 10. Blood parameters in children with familial hypercholesterolemia 

who are new visitors or follow-up visitors. 

  New visitors, n = 9 Follow-up visitors, n = 26 p
1
 

Total cholesterol, mmol/l 7.0 (5.5-8.4) 6.4 (5.1-7.1) 0.07 

LDL cholesterol, mmol/l 5.4 (3.6-6.5) 4.6 (3.3-5.3) 0.07 

HDL cholesterol, mmol/l 1.5 (1.4-1.8) 1.4 (1.3-1.5) 0.52 

Triglycerides, mmol/l 0.8 (0.7-1.4) 0.8 (0.6-1.0) 0.22 

Apo A-1, g/l 1.5 (1.4-1.7) 1.4 (1.3-1.5) 0.17 

Apo B, g/l 1.4 (1.1-1.7) 1.3 (0.9-1.4) 0.12 

Lp (a), mg/l
2
 294 (107-620) 227 (92-431) 0.60 

CRP, mg/l 0.6 (0.6-1.0) 0.6 (0.6-0.7) 0.71 

Fibrinogen, g/l
3
 2.6 (2.2-3.5) 2.8 (2.5-3.1) 0.63 

Data are presented as median (25 th - 75 th percentile). Children using cholesterol-lowering  

medication were excluded. LDL cholesterol, low-density lipoprotein cholesterol;  

HDL cholesterol, high-density lipoprotein cholesterol; Apo (A-1, B), apolipoprotein (A-1, B);  

Lp(a), lipoprotein (a); CRP, C-reactive protein. 
1
New visitors vs. follow-up visitors (Fisher's Exact test or Mann-Whitney U test). 

2
Only available for n = 8 new visitors and 23 follow-up visitors. 

3
Only available for n = 7 new visitors and 18 follow-up visitors. 

 

Table 11. Intake of macronutrients in children with familial hypercholesterolemia who are new 

visitors or follow-up visitors. 

  New visitors, n = 9 Follow-up visitors, n = 26 Recommendations
1
 p

2
 

Energy, kJ 7315 (6217-8628) 6909 (5149-8698) balanced intake 0.43 
Protein, E % 15.4 (14.8-17.6) 17.4 (15.7-18.9) 15 0.11 
Fat, E % 29.3 (26.3-34.2) 30.4 (27.9-33.5) 25-35 0.72 

Saturated fat, E % 12.9 (10.3-14.7) 11.6 (9.0-13.5) < 7 0.19 
Trans fatty acids, E % 0.4 (0.3-0.5) 0.4 (0.3-0.5) < 1

3
 0.95 

Monounsaturated fat, E % 9.0 (8.0-10.9) 10.1 (8.9-11.1) up to 20 0.26 

Polyunsaturated fat, E % 5.6 (3.6-6.7) 5.8 (5.4-6.4) up to 10 0.34 
Total unsaturatet fat, E % 13.6 (12.2-17.5) 15.9 (14.7-16.9) - 0.32 

PS-ratio
4
 0.42 (0.30-0.57) 0.51 (0.38-0.73) - 0.20 

Cholesterol, mg 170 (125-231) 172 (124-216) < 200 0.35 

Carbohydrates, E % 54.2 (46.4-55.2) 49.4 (45.9-53.1) 50-60 0.94 

Added sugar, E % 11.2 (6.1-18.2) 9.2 (5.6-12.9) < 10
5
 0.45 

Fiber, g 22 (14-30) 17 (13-22) 20-30 0.34 

Data are presented as median (25 th - 75 th percentile). Children using cholesterol-lowering medication were 

excluded. kJ, kilojoule; E %, energy percent. 
1
The nutrient composition of the diet recommended by the National Cholesterol Education Program (NCEP) 

(53). 
2
New visitors' vs. follow-up visitors' intake (Mann-Whitney U test). 

3
Recommended by the European Society of Cardiology and the European Atherosclerosis Society (55). 

4
PS-ratio is the ratio between polyunsaturated fat and saturated fat. 

5
Recommended by the Nordic Council of Ministers (56). 
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Table 12. Characterization of the new visitors and the follow-up visitors. 

  New visitors, n = 9 Follow-up visitors, n = 26 p
1
 

Age, years 11 (9-16) 10 (8-13) 0.31 

Girls, % 56 58 1.00 

Testosterone, nmol/l
2
 0.60 (0.50-11.5) 0.50 (0.50-1.65) 0.30 

Estradiol, nmol/l
2
 0.12 (0.04-0.14) 0.05 (0.04-0.13) 0.51 

Use of plant sterols, % 11 12 1.00 

Data are presented as median (25 th - 75 th percentile) or percentage. Children using  

cholesterol-lowering medication were excluded. 
1
New visitors vs. follow-up visitors (Mann-Whitney U test or Fisher's Exact test). 

2
Only available for n = 7 new visitors and n = 21 follow-up visitors. 

 

Further we did a sub analysis in the group of follow-up patients who had visited the Lipid 

Clinic before themselves and who did not use cholesterol-lowering medication (n = 12 with 

siblings, n = 9 without siblings). We compared the lipid values from their first visit at the 

Lipid Clinic to the lipid values at the current follow-up visit. The median age at the follow-up 

visit was 11 (9-15) years. The median time between first visit and current follow-up visit was 

2 years (2 years for 75 % of the participants). 75 % of this subgroup was girls. 17 % reported 

to use plant sterols at the follow-up visit. The comparison of blood lipids at first visit and 

follow-up visit is shown in table 13. 

Table 13. Blood lipids at first visit and follow-up visit 

in children with familial hypercholesterolemia who are 

follow-up visitors. 

 
Follow-up visitors, n = 12 

 
  First visit Follow-up visit p

1
 

Total cholesterol, mmol/l 6.8 (6.0-8.1) 6.3 (5.1-7.2) 0.03 

LDL cholesterol, mmol/l 5.1 (3.9-6.1) 4.5 (3.4-5.2) 0.03 

HDL cholesterol, mmol/l 1.4 (1.1-1.7) 1.3 (1.2-1.5) 0.96 

Triglycerides, mmol/l 0.8 (0.7-1.1) 0.8 (0.6-1.1) 0.57 

Apo A-1, g/l
2
 1.4 (1.2-1.6) 1.3 (1.3-1.8) 1.00 

Apo B, g/l
2
 1.3 (1.2-1.4) 1.2 (1.1-1.4) 0.32 

Lp (a), mg/l
3
 177 (104-785) 214 (142-586) 0.75 

Data are presented as median (25 th - 75 th percentile). Children using  

cholesterol-lowering medication were excluded. LDL cholesterol,  

low-density lipoprotein cholesterol; HDL cholesterol, high-density  

lipoprotein cholesterol; Apo (A-1, B), apolipoprotein (A-1, B);  

Lp(a), lipoprotein (a). 
1
First visit vs. follow-up visit (Wilcoxon signed rank test). 

2
Only available for n = 7. 

3
Only available for n = 6. 
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We see that there has been a significant reduction in blood total cholesterol and LDL 

cholesterol (p = 0.03 for both). The median reduction in total cholesterol was 1.1 mmol/l (16 

%) and the median reduction in LDL cholesterol was 0.8 mmol/l (16 %) (median difference 

calculated from the difference in total cholesterol and LDL cholesterol, respectively). There 

were no differences in the other lipid values and no difference in the Smart Diet score from 

first visit to current follow-up visit. Cholesterol levels decrease in puberty, due to the 

alteration of gonadal hormones (86). We do not have values from first visit, but median 

estradiol level at follow-up visit was 0.07 (0.04-0.14) nmol/l and median testosterone level 

was 0.50 (0.50-1.9) nmol/l (no data from first visit). When we exclude siblings from this 

analysis, the significant reduction in total cholesterol and LDL-cholesterol disappears, most 

likely due to the low number of participants, see appendix table A11. 
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5 Discussion 

5.1 Subjects and methods 

5.1.1 Subjects and study design 

The Lipid Clinic continuously conducts research on FH subjects. Since its foundation in 1984, 

clinic and research have gone hand in hand. Thus, in the FH population many are familiar 

with research projects and what it implies. Whole families are involved in treatment 

programs. Many of the patients have experienced how relentless the disease can be through 

family events of CVD, and understand the importance of research projects aiming at getting 

better knowledge of the topic. In addition, they are aware of the fact that it is a 50 percent 

chance of carrying on the disease to the next generation. With this in mind, it does seem 

reasonable to think of this patient group as a highly motivated group when it comes to 

undertake research projects and to comply with a study intervention. The teamwork between 

doctors and dietitians at the Lipid Clinic is strong, and lifestyle and dietary treatment is 

considered as important as medical treatment. Hence, research on diet and dietary factors is 

acknowledged as fundamental. 

This study was a cross-sectional study. It is important to be aware that a cross-sectional study 

can say nothing about causal connections, but rather can be used to generate hypotheses (87). 

Hence, one must be careful in the conclusions following this study design.  

Selection bias occurs when there is an imbalance in recruitment of participants (87). In this 

study, all children and adolescents between 5 and 18 years of age that were scheduled for 

appointment at the Lipid Clinic in the period September to December 2013, due to 

heterozygous FH, were invited to participate. Consequently, there was no bias connected to 

this. However, it can be that there was an imbalance between those who wanted to participate, 

and those who did not. It might be that those who did not show up for their appointment and 

those that said no to participate somewhat differed from those that make up the study 

population. Maybe the latter were more motivated or concerned about their disease, and 

consequently were more committed to the therapeutic regimen. It is important to be aware of 

this, although we do not know if our study population necessarily differs from the general FH 

population. However, this study population is similar to the study population of FH children 
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in the study by Molven et al., where the response rate was 30 %, which strengthens our data 

(68). The study population reflects a normal healthy population, the only exception being high 

total and LDL cholesterol (table 4). 

To avoid information bias, it is important that collection of variables is standardized, thus 

being the same for all participants (87). There was no systematically different treatment of the 

participants. Best efforts were made to conduct all appointments at the Lipid Clinic according 

to protocol, and to ensure that all participants were treated equally and got the same questions 

related to the collection of information. However, it is always a possibility that one forgets to 

ask about something, or the participants do not remember or are in a hurry so they cannot give 

a well thought answer. That will always be one of the limitations working with humans in 

studies. 

5.1.2 Strengths and limitations of the pre-coded food diary 

As with all methods, the PFD used to assess dietary intake in this study also has its strengths 

and limitations. The PFD has been validated on groups of nine- and thirteen-year-old girls and 

boys (77-79). In addition, the photographic booklet used in estimation of portion sizes has 

been validated on girls and boys in the age group 9-19 years (80). However, the validation 

studies have been conducted on students recruited from school classes, probably mostly 

healthy subjects and not by children with FH. This may be a limitation of the study. 

Furthermore, validation studies of the PFD have shown that underestimation of energy intake 

is present both among nine- and thirteen-year-olds girls and boys (77, 78). The 

underestimating may have occurred either because of underreporting or due to under-eating, 

or a combination of the two, as proposed by Andersen et al. (77). However, it did not seem to 

be any systematic misreporting related to macronutrients or unhealthy foods (78). It is 

important to be aware that even if one might consider our study population a highly motivated 

group, underreporting might have occurred either unintentionally or by purpose. The 

participants may have forgotten to record food items eaten outside the house if they did not 

bring the PFD, or they may have forgotten something if they registered their dietary intake at 

the end of the day instead of after each eating event. If the child was not ready to fill out the 

PFD by him- or herself, the parents depended on either their ability to remember eating events 

outside the house, or the caregivers accuracy in filling it out on behalf of them. The 

participants may have gotten tired of the food registration, and becoming less accurate in their 



40 

 

reporting. Lillegaard et al. showed that underreporting seemed to be more frequent later rather 

than early of the day, and late rather than early during the total recording period (79). 

An advantage of the PFD is that it is less time-consuming for the participants to conduct 

compared with other dietary assessment methods like weighed recording intake, 24-hour 

recall and dietary history (77). Furthermore, much of the variability in the food intake is 

captured using the PFD because of the combination of wide food lists and open spaces 

throughout the diary (78). Focus groups conducted in relation to previous validation studies of 

the PFD revealed that both adolescents and parents of the youngest children found the PFD 

easy to fill in (77). Experiences from our study also indicate that the participants found the 

PFD easy to fill in, although this was not systematically examined. 

Livingstone and Robson have earlier stated that there is a rapid increase in children’s ability 

to self-reporting food intake from the eight years of age (88). This means that for the youngest 

children self-reporting dietary intake might be difficult, thus relying on the parents to fill in 

the PFD. Some of the parents of the study participants informed that they had sent the PFD 

with the children to either kinder garden or school care, and asked one of the caregivers to 

write down any eating event during that time. This is another strength with the PFD compared 

with other methods that for example would rely on the ability to remember any eating event 

when the parents were not around, assuming that the explanation on how to fill out the PFD 

was satisfactory. 

It is also a strength that we interviewed the participants after they had filled out the PFD, 

either at the study visit, or on the telephone, to correct any misunderstandings, and to ask 

control questions to try to find out if any eating event had not been reported. In addition we 

had the opportunity to map the intakes of specific food items, thus increasing the accuracy of 

the dietary recording. 

5.1.3 Mapping of specific food items 

Many of the FH children, or their parents, included in this study have been consulted with a 

dietitian at the Lipid Clinic before, getting dietary advice on particularly type of fat in the diet. 

Because of this, it is conceivable that they eat healthier than the remaining population, 

especially in regard to fat-containing food items. Molven et al. found that children and young 

adults with FH ate healthier fat-containing foods compared with non-FH subjects, thus 
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supporting this perception (68). The pre-coded dishes in the PFD are mainly consisting of 

full-fat recipes. For example are composite dishes with meat often consisting of full-fat meat 

rather than lean meat, and more often semi-skimmed milk rather than skimmed milk is used. 

Dairy and meat products are two of the main food groups contributing to the population’s 

intake of SFA (89, 90). This can possibly give an overestimation of the intake of total and 

SFA in our study population. 

We wanted to map and take into account the use of some specific food items that are thought 

to be frequently used by FH subjects. We specifically asked about whether the participants 

used full-fat or low-fat version of products like meat, milk and cheese. We also wanted to 

map the use of “Vita hjertego”-margarines and “Vita hjertego’ gul” cheese, which are 

products with a preferable fatty acid composition that are thought to be favorable to this 

patient group. This would have implications for the intake of total fat and the fatty acid 

composition of the diet, which we were particularly interested in investigating further. We 

made new recipes for the following dishes: taco, pita, pasta Bolognese and lasagna (see 

methods). The reason why we chose to change the type of meat in these particular dishes was 

that many had eaten them, and many had used lean meat instead of full-fat meat. We chose 

not to take the type of cheese in these dishes into account, because many did not remember 

the type of cheese they had used in the dish. The fact that we made new recipes for some 

dishes, where we changed the type of meat in the dishes for those who had used a lean 

alternative, may have made the estimation of the study population’s intake of fat and SFA 

somewhat nearer the actual intake, although we could not take into account all specific 

variants of food items and dishes eaten. For example, the type of fat used in cooking has not 

been taken into account. Many of the pre-coded dishes include a mixture of butter, hard 

margarine and oil. If it is so that this FH group largely use oils and liquid margarine in 

cooking, the intakes of the different types of fat (SFA, MUFA, PUFA) reported in this thesis 

will be somewhat skewed. This is only speculations, but if so, the intake of SFA will probably 

be lower and the intake of MUFA and PUFA will probably be higher than what is indicated in 

this thesis. 

The PFD-sets was sent to the participants in advance, because we wanted to have the 

opportunity to ask them specifically about the use of the above-mentioned food items during 

the interview at the Lipid Clinic. Approximately half of the study participants filled out the 

PFD before the visit. Because there were so many that had not filled out the PFD on 

beforehand, we allowed the opportunity to fill it out after the outpatient visit. In these cases 
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they were phoned, if necessary, when the PFDs were returned, so that details about the food 

items eaten could be provided. It may somehow have affected the quality of the dietary data 

that some were interviewed face-to-face and some were interviewed through telephone 

conversations. However, one study showed that it did not influence the recalled diet whether 

the interview was conducted either face-to-face or through telephone, although they did not 

rule out the possibility that there could be a difference between the two methods due to the 

interviewer effect (91). How this may have affected the quality of the dietary data in our study 

is unknown. 

The fact that approximately 50 % of the participants filled in the PFD after the visit at the 

Lipid Clinic may have influenced their intake of specific food items. When at the Lipid Clinic 

they were instructed by a dietitian, who stressed the importance of a healthy diet in these 

children. This may have affected the children’s eating behavior following the outpatient visit. 

However, concrete food choices and food behavior have shown to be fairly stable already 

from childhood, suggesting that changing dietary habits is a long-lasting process (92). Even 

so, we must be aware that the dietary intake might have been somewhat influenced by this. 

We must also be aware that selective misreporting may have occurred, in terms of pleasing 

bias, meaning that the participants know what they should eat and not, and report a diet more 

in line with dietary recommendations instead of what they actually ate (68). However, the 

participants made an impression of being quite honest, and reporting of unhealthy foods like 

cakes, sweets and sugar-sweetened beverages was common. 

5.1.4 Data processing 

It is important to emphasize the strength linked to the fact that mainly one person was 

responsible in conducting the study, thus ruling out the inter-individual variability in data 

collection and processing. The many quality check steps during the data processing reduce the 

possibility that errors occurred here. However, one cannot be positively sure that the 

processing went along with no errors, and it is of course also a possibility that the participants 

either intentionally or unintentionally recorded wrong food items or amounts. This will also 

just remain as speculations. 
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5.1.5 Statistics 

Only non-parametric statistics have been carried out throughout this thesis. This is due to 

skewed distributions of most variables, mainly a result of small sample size. Siblings 

represent dependency within the population, possibly precluding the use of statistical tests that 

assumes independency. Hence, we performed all analyses both including and excluding 

siblings. We chose to present and focus on the data including siblings, mainly for maintaining 

a larger study sample. Due to the small sample size, we discuss some borderline significant 

findings where the p-values are in the range 0.05-.0.09. If the sample size had been larger, 

these findings may have been statistically significant. However, they may be clinically 

relevant. All data with siblings excluded are presented in appendix 11. The few differences 

found with versus without siblings may be due to the different sample size, and are not 

necessarily a result of dependency. 

Regarding statistical testing, differences between girls and boys, new versus follow-up 

patients and differences between first visit and study visit were our main interests. However, 

age-related differences are also of interest, although not explored here. The first step in 

examining age-related differences could be to examine differences below and above median 

age. We primarily performed correlations between dietary factors and biochemical 

parameters. The next logically step would be to perform regression analyses in order to 

include multiple factors determining cholesterol levels. Agreements were made that food 

intake in g/10 MJ/d was to be reported, although g/d also would have been appropriate. Our 

purpose was to provide the main outline of the diet, and also to say something about the 

quality of the diet. By reporting g/10 MJ/d, only relative values of food intake are provided. 

The alternative, however, are not necessarily a better estimation of the “true intake” as the 

sample size is small. 

Macronutrient composition, with the exception of dietary cholesterol and fiber, were reported 

as E %, and hence as energy adjusted variables. Regarding micronutrients, recommendations 

are most often presented as absolute values within gender and different age ranges (56). 

Hence, we chose to report the absolute intake. However, recommendations can also be 

presented as content per MJ (56) which could have made it easier to discuss the adequacy of 

micronutrient intake rather than using an arbitrarily set range for recommended intake of 

micronutrients (see section 5.2.2). 
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5.2 Discussion of results 

5.2.1 Intake of macronutrients 

One of the main objectives in this thesis was to characterize the diet in children with FH in 

regard to nutrients. We found that the FH children had an intake of protein, carbohydrates and 

fat of 16.8, 48.0 and 30.8 E %, respectively. This is virtually consistent with the NCEP and 

NNR recommendations (53, 56). Despite some minor differences in the values, we generally 

see the same pattern in other dietary surveys conducted on children and adolescents (90, 93-

96). Compared with the results from the latest national dietary survey conducted on children 

and adolescents in Norway, UNGKOST-2000 (hereafter abbreviated UNGKOST), we find 

that the FH children have a higher intake of protein and a lower intake of carbohydrates, while 

the intake of total fat is approximately the same (90).  

People with hypercholesterolemia, also patients with FH, are recommended a diet low in 

SFA, as increased intake of SFA may increase blood cholesterol levels (53, 54). Interestingly, 

we found that the children in this study had an intake of SFA of 12.0 E %, which is too high 

considering that NCEP recommend a maximum dietary intake of 7 E % from SFA (53). The 

intake is also higher than the recommended threshold for SFA intake in the general 

population, which is 10 E % (56). The SFA intake might be somewhat overestimated in this 

study, but it is still noteworthy that the intake of SFA compared to the recommendation is of 

such difference. The results from UNGKOST also showed that healthy children had a high 

intake of SFA, 13.7 E % in the 9-year-olds and 13.5 E % in the 12-year-olds, which is 

comparable to the results in this study (90). Other studies are consistent with these findings. 

Both the Framingham Children’s study and a Swedish subpopulation of the European Youth 

Heart study presents SFA intake of 12.4-14.6 E % (95, 96). A review by Harika et al. 

presented SFA intake from 30 countries, concluding that in 28 of the 30 countries, children 

and adolescents had mean SFA intakes above 10 E % (97). This suggests that the intake of 

SFA in children is too high in general, also in FH children, which is unfortunate because of 

their genetically high cholesterol levels. 

The intake of TFA, which has cholesterol-increasing effects similar to that of SFA, was below 

1 E %, as recommended by the European Society of Cardiology and the European 

Atherosclerosis Society (55). It must be noted that not all food items in KBS have estimated 

values of TFA. However, TFA is no longer considered to be a public health problem in 
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Norway, as the amounts of TFA in the Norwegian diet is low, and the mean intake of TFA in 

the population is estimated to be below 1 E % (98, 99). Based on this, we can probably 

consider the intake of TFA in the FH group as sufficiently low. 

The FH children had an intake of MUFA and PUFA of 10.4 E % and 5.9 E %, respectively. 

This is also in accordance with the NCEP guidelines (53). However, considering the NNR, the 

intake of unsaturated fats in the FH group is in the lower range (56). NNR recommends that 

MUFA and PUFA constitutes 10-20 and 5-10 E % of the diet, respectively (56). Results from 

the Scandinavian national dietary surveys are in accordance with our findings (90, 93, 94). 

Because of the potential cholesterol-lowering effects of these dietary fatty acids, it would be 

beneficial for both FH children and other children to increase their intake of MUFA and 

PUFA. 

The cholesterol intake was 184 mg, in accordance with the NCEP guidelines. Both in 

UNGKOST and in the Swedish national dietary survey, an intake around 200 mg cholesterol 

was also observed (90, 94). This suggests that cholesterol intake in FH children and children 

in general is sufficiently low, and probably do not contribute significantly to blood cholesterol 

elevation.  

The intake of added sugar in the total group was 10.2 E %, right above the threshold 

recommended by NNR (56). However, the boys had a significantly higher intake compared 

with girls, 13.7 vs. 9.0 E %, respectively. Hence, the boys’ intake of added sugar was too 

high, while the girls had a sugar intake within the recommended range. In UNGKOST the 

intake of added sugar was as high as 16.8 E % in the 9-year-olds and 18.4 E % in the 12-year-

olds (90), although the intake today is probably lower (100). In contrast, in the Swedish 

subpopulation of the European Youth Heart Study the intake of added sugar was in a range 

between 9.8-10.1 E % in the youngest group of participants, more in line with the girls with 

FH in our study (95). These findings suggest that girls with FH have a lower intake of added 

sugar compared with boys with FH and the general young Norwegian population. Molven et 

al. found that FH children had a higher intake of sugar-rich foods compared with non-FH 

subjects (68). Our findings suggest that it may be the boys more than the girls that contribute 

to this finding. 

The FH children had an intake of fiber of 18 g/d, lower than the NCEP recommendations of 

20-30 grams per day (53). However, it should be noted that these recommendations applies to 
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adults (53). The NNR recommend that children from the age of 2 years should have an intake 

corresponding to 2-3 g/MJ, and that this intake should gradually increase from school age to 

reach the recommended adult level during adolescence (56). Converted to g/MJ, the FH 

children had a median intake of 2.6 g/MJ, thus in accordance with NNR. Nevertheless, 

increasing the intake of dietary fiber in this group might be beneficial due to the cholesterol-

lowering effects of some soluble types of fiber (101). Compared to the results from 

UNGKOST, the intake of fiber was the same for the boys in both studies (16 grams), but the 

FH girls had a higher intake of dietary fiber than the girls from UNGKOST (18 grams 

compared with 14 grams, respectively) (90). This suggests that the FH girls eat more fiber 

compared with the general population, but that overall all groups would benefit of increasing 

their intake of dietary fiber. In the recent national dietary survey conducted among adults in 

Norway, women were shown to have a higher energy intake from fiber compared with men 

(89). The same was shown in young adults in Finland (102). In the German DONALD study, 

dietary fiber intake among boys and girls 9-13 years old was approximately 19 and 18 g/d, 

respectively (103). Hence, the intake among the girls in our study and the DONALD study 

was the same, but the boys in the DONALD study had a higher intake than the boys in our 

study. Regardless, the authors of the DONALD study concluded that the dietary fiber intake 

during childhood and adolescence was inadequate. They also summarized that other studies 

that have reported dietary fiber intake in children and adolescents have revealed intakes below 

reference values (103). 

5.2.2 Intake of micronutrients 

We found that the intake of vitamin D, iron, potassium and selenium were lower than the 

recommended range for both boys and girls. For the girls, also the intake of folate, calcium 

and magnesium were lower than the recommended range. The sodium intake seems to be just 

at the recommended threshold, however the use of salt and sodium in home cooking is not 

known, which encumber the values with an uncertainty. The remaining vitamins, minerals and 

trace elements calculated were within the recommended range. Unfortunately, we do not have 

values of iodine, because of missing values in the food database. 

Even though some of the micronutrient intakes are below the arbitrarily set recommended 

range, this is not necessarily a true low intake. The age range between the participants is 5-18 

years. Ideally, micronutrient recommendations should have been given for boys and girls 2-5 

years and 6-9 years, further separate recommendations for boys and girls 10-13 years, 14-17 
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years and 18-30 years (56). This however, is not possible as the group is too small. 

Micronutrient recommendations are for use in planning diets for groups (56). The 

requirements are lower for almost all individuals (56). For comparison, we chose to present 

the recommended intake for girls and boys 10-13 years, reflecting the median age of the FH-

group (12 years). Having this in mind, the intake of most micronutrients is probably adequate.  

Regarding micronutrients, we must remember that several conditions can affect intake of 

vitamin, minerals and trace elements (104). For example, vitamin D intake is primarily 

determined by fish intake. Also, many countries have initiated fortification programs to 

increase micronutrient intake, such as iron and folate in flour (105, 106). Furthermore, soil 

composition and use of fertilizers may contribute to variability in mineral content (104). 

Finally, dietary survey methods and calculation procedures may also be a contributor to 

differences between studies (104). 

We see the same pattern of micronutrient intake in our FH population compared to the 

children in UNGKOST (90). However, we see some differences comparing with a German 

dietary survey conducted in children and adolescents (107). The authors concluded that the 

observed increased intake of several micronutrients from 1985-8 to 2006 was mainly due to 

increased intake of fortified foods, and to a lesser extent intake of dietary supplements (107). 

Generally, as long as the diet is varied and contains no strict dietary restrictions, and energy 

requirements are met, micronutrient intake is normally adequate (104). However, the 

requirement for vitamin D, iodine, folate and iron might still be difficult to reach for 

subgroups of the population (104), and hence supplementation may be warranted. Following 

the Danish national dietary survey in 2003-2008, conclusions were made that risk of low 

vitamin D and iron intake concerned a substantial portion of the population (93). In summary, 

although dietary supplements were included in the analysis, it seems reasonable to believe 

that the intake of vitamin D, iron and folate is suboptimal in the FH population, and the 

remaining micronutrients presented in table 6 are adequate. This is in concordance with other 

studies, and therefore not a problem isolated to the FH population, but rather a public health 

problem. 

Even though the intake of vitamin D, iron and folate were lower than recommended, the blood 

values reflecting vitamin D status (25-hydroxy vitamin D), iron status (iron, transferrin, 

transferrin saturation and ferritin) and folate status (folate, vitamin B12 and homocysteine) are 

within reference values (table 4). We do not know if the blood values are increasing or 
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decreasing, as blood values represent a snapshot of the physiology, when they should be 

interpreted over time. This is, however, not possible in a single cross-sectional study. Based 

on the available biochemical data the status of vitamin D, iron and folate seems to be 

sufficient, however, we cannot exclude presence of subclinical deficiency in subjects with 

high requirements. 

The girls had a significantly higher vitamin D status compared with boys. There was no 

difference in the intake of fish or butter, margarine and oils between the two groups. 

Furthermore, there was no difference in the intake of dietary supplements between girls and 

boys. We did not see any correlation between the content of vitamin D in the diet and the 

vitamin D status in blood (data not shown). This indicates that the four days of recording 

dietary intake was not sufficient in capturing the real intake of vitamin D from foods, even 

though the PFD is thought to catch much of the variability in the food intake (78). Another 

possible explanation for the difference in vitamin D status between girls and boys might be 

that the girls had been more in the sun compared with boys, as vitamin D can be synthesized 

from a cholesterol-metabolite in the skin (21), suggesting that the vitamin D from the sun may 

be quantitatively more important  than diet for the vitamin D status in children. 

5.2.3 Description of food intake 

We also aimed at characterizing the FH children’s diet in regard to food groups. We found 

that bread, cereals, vegetables, fresh fruit and berries, meat and milk accounted for most of the 

food intake. Many did also eat potatoes, fish and fish products. Water constituted most of the 

fluid intake. In addition, a high consumption of pizza, cakes, and sweets and snacks was 

observed. Very few consumed nuts, seeds and olives. The same pattern of food groups that 

contribute the most to the total food intake was seen in UNGKOST (90). 

The Norwegian Food Based Dietary Guidelines (FBDG) recommends a diet primarily 

consisting of vegetables, fruit and berries, whole grains, and fish, and intake of red meat, 

added sugar and energy dense foods should be restricted (108). The FBDG emphasizes that 

intake of foods containing fat, sugar and salt should be limited (108). Adhering to the FBDG 

will result in a beneficial nutrient intake in line with that recommended by the NCEP and 

NNR.  
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We do not have sufficient data in this thesis to conclude to which extent the FH children’s diet 

is in line with the FBDG. The intakes of whole grains and the distribution of full-fat meat vs. 

lean meat are not elucidated. Considering dairy products, the FH children chose semi-

skimmed and skimmed milk in favor of whole milk, and low-fat cheese in favor of full-fat 

cheese, which is in line with the recommendations. We might say that the intake of 

vegetables, fruit and berries, along with potatoes and fish, could with benefit be increased. 

The consumption of pizza, cakes, sweets and snacks, in addition to sugar-sweetened 

beverages, could favorably be reduced. This would reduce the intake of SFA and added sugar. 

Nuts, seeds and olives should be promoted to the older children in advantage of other sweet 

snacks, increasing the intake of unsaturated fat and decreasing the intake of SFA and added 

sugar. 

Meat and dairy products, including cheese, contributed to approximately 60 % of the intake of 

SFA and TFA. Butter, margarine and oil contributed most to MUFA and PUFA. The same 

food groups were shown to contribute the most to dietary fat intake in UNGKOST (90). 

Molven et al. found that FH children chose low-fat and highly unsaturated fat alternatives 

among these foods (68). This is also in line with what is recommended by the Lipid Clinic. 

The FH children consumed either semi-skimmed or skimmed milk in favor of whole milk. 

The same was observed for low-fat cheese compared to full-fat cheese. The same has been 

shown in FH subjects earlier (68). In contrast, studies conducted on other healthy children 

have revealed that whole milk and semi-skimmed milk are more frequent compared with 

skimmed milk. Baird et al. found that whole milk was more frequently consumed compared 

with semi-skimmed milk, and furthermore, few drank skimmed milk (109). In addition, most 

children ate regular fat cheese more than low-fat cheese (109). In UNGKOST, semi-skimmed 

milk was most frequently used, but the intake of whole-milk was greater than the intake of 

skimmed milk (90). 

The use of margarines and oils are more prominent than the use of butter and margarine. 

However, the true intake of the use of butter versus margarine and oil is not completely 

elucidated in our data. As mentioned, the true intake of butter and hard margarines is probably 

concealed by the use of these in many of the pre-coded dishes in the PFD. The consequence 

of not adjusting for the type of cooking fat probably results in an overestimate of SFA, and an 

underestimate of MUFA and PUFA intake. Molven et al. revealed that 74 % of the FH 

children used margarines with a high proportion of unsaturated fats (“Vita”-margarine 
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included) compared with only 14 % of the non-FH subjects (68). Hence, we may be prone to 

believe that the use of soft margarines and oil are more prominent in this FH population than 

what is expressed here. 

The boys had a significantly higher intake of sugar-sweetened beverages compared with girls. 

This is in accordance with the findings in UNGKOST, where the 13-year-old girls drank less 

sugar-sweetened beverages compared with the 13-year-old boys (90). The girls had a higher 

intake of vegetables, fresh fruit and berries in the diet compared with boys, also in line with 

the findings from UNGKOST (90). 

5.2.4 Relation between dietary fats and blood lipid levels 

Another aim in this thesis was to investigate if dietary fat quality associated with blood lipid 

levels. Previous studies in FH subjects have shown changes in blood cholesterol levels in 

response to intake of dietary fatty acids (61, 63, 110-112), however, it is unlikely that diet 

alone can normalize the genetically high cholesterol levels in FH subjects. We found that SFA 

intake was associated with higher levels of total cholesterol, LDL cholesterol, apo A-1 and 

apo B. Furthermore, we found that PUFA intake was associated with lower levels of LDL 

cholesterol and apo B. Although the correlations with PUFA and lipid levels were not 

statistically significant, significant associations were found between the PS-ratio and lower 

levels of total cholesterol, LDL cholesterol and apo B. Our findings that intake of SFA and 

PUFA seem to associate with blood lipid levels are in line with the predictive equations 

introduced by Keys, Hegsted and Muller (49-51). We cannot conclude about change or 

causality based on the correlations carried out in this thesis. However, it is interesting that our 

data indicate that a higher intake of SFA are associated with higher total and LDL cholesterol 

levels, and that a higher intake of PUFA are associated with lower total and LDL cholesterol 

levels in children with genetically increased blood cholesterol levels. Our data indicate that 

substituting SFA with PUFA might be beneficial in terms of a less atherogenic lipid profile. 

Our results are in accordance with the findings of Ilpo et al., who carried out correlations 

between SFA, PUFA and PS-ratio and LDL cholesterol and apo B in subjects from the 

Cardiovascular Risk in Young Finns Study (113). Furthermore, Sala-Vila et al. found that 

intake of the omega-3 PUFA eicosapentaenoic acid was associated with a less atherogenic 

lipid profile in adults with FH (114), also in accordance with our findings. However, Tonstad 

et al. did not find any correlation between dietary intake and lipid levels in children with FH 
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(115), and neither did Molven et al. when investigating the correlation between FH children’s 

Smart Diet score and blood lipid levels (68). The FH children in Molven’s study chose foods 

with reduced contents of SFA and high amounts of unsaturated fats (68). The discrepancies 

between our findings are probably due to limitations of the Smart Diet questionnaire. A high 

Smart Diet score can be obtained even if the fatty acid composition of the diet is unfavorable, 

if other components of the diet are in line with the recommendations of a healthy diet, such as 

a high intake of whole grains, fruit and vegetables. This non-specific feature of the Smart Diet 

questionnaire might explain why no correlations with blood lipid levels were found. It might 

also explain why we did not find any associations between the diet of the parents (measured 

by the Smart Diet questionnaire) and the children’s intake of sugar or different types of fat. 

More detailed knowledge of the nutrient composition of the diet seems to be necessary to 

reveal such relationships. 

A consequence of the recommendation of lowering SFA intake is that the nutrient must be 

replaced with another in order to maintain energy balance. Our findings suggest that 

encouraging an increased intake of PUFA at the expense of SFA might be reasonable, as it is 

associated with lower levels of total and LDL cholesterol. A meta-analysis by Mozaffarian et 

al. in 2010 concluded that there was evidence from well-conducted randomized controlled 

trials that replacing SFA with PUFA in the diet would reduce CHD events (116). Our findings 

indicate that dietary treatment is beneficial in FH patients, and that current recommendations 

should remain unchanged. 

5.2.5 Compliance to dietary guidelines 

No FH child had an intake of SFA below 7 E %. Hence, no participant was 100 % compliant 

to the NCEP guidelines (53). Furthermore, only 13 participants (24 %) had an SFA intake 

below 10 E %. The possibility of overestimation of SFA has been discussed earlier; 

regardless, SFA intake is most probably too high for the majority of the participants. All 

participants were compliant to the recommendations of TFA and MUFA, and 98 % were 

compliant to the PUFA recommendation. However, the latter two have no lower threshold in 

the NCEP recommendations, thus also participants who had a low intake of MUFA and 

PUFA were reckoned as compliant. NNR recommends an intake of MUFA of at least 10 E % 

and an intake of PUFA of at least 5 E % (56), and if the NNR was used as a reference, 

compliance to unsaturated fats would be somewhat lower. Furthermore, about three of four 

were compliant to the recommended total fat intake. 65 % ate less than 200 mg cholesterol per 
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day. Moreover, less than 50 % of the participants were compliant to the recommendations 

concerning carbohydrates and added sugar, and only about one of four adhered to the 

recommended fiber intake. In summary we might say that the FH children adhered rather well 

to the recommendations concerning fat intake, with the exception of SFA intake. Moderate 

compliance was shown for the intake of cholesterol, while adherence to recommendations 

regarding carbohydrates, added sugar and fiber were rather low. 

The issue of dietary adherence in children with FH has been addressed earlier (117). This 

revealed that as many as 72 % of the FH children adhered to the recommended intake of SFA, 

which at that time was < 10 E % (117). This is a rather surprising difference in adherence to 

SFA intake. In the earlier study, statin users were excluded (117). The low adherence revealed 

in our study might be a result of investigating adherence in both children who use and not use 

statins to lower cholesterol levels. A recent study demonstrated that fat intake have increased 

among statin users, but not among non-statin users, over time (118), thus suggesting that 

statin users consider their medicine as a pretext for having a more relaxed diet compared with 

non-statin users. Although already strictly emphasized, the importance of having a healthy 

diet even when using medication might need to be stressed even further among statin users. 

Children and adolescents with type 1 diabetes are another youth population who are advised 

certain dietary recommendations as part of the therapeutic regime. Studies on this group have 

also shown low adherence to dietary guidelines (119, 120). In general they also struggle with 

a too high intake of SFA (120). 

Several other studies have also investigated adherence to dietary guidelines (121-123). In 

general, they reveal variability, but mostly a lack, of compliance to dietary recommendations 

(119-123). The subjects typically struggle reaching the guidelines for total fat, and especially 

SFA (120-122). Nicklas et al. identified barriers in adhering to dietary guidelines among 

children including the presence of competing foods like sweets and soda, perceptions of taste, 

flavor and smell, as well as an experience of difficulty figuring out or consuming the 

recommended amount (124). In summary, adherence to dietary guidelines is generally low. 

SFA intake is of particularly importance, and emphasis should be put on specific advice that 

may help reduce the intake of SFA in children with FH, but also in other populations. 
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5.2.6 Effects of dietary counseling on blood parameters 

We also aimed at investigating if dietary counselling could improve lipid profile in children 

with FH not on current medication. Interestingly, we found that follow-up visitors at the Lipid 

Clinic had a lower level of total and LDL cholesterol compared with new visitors. This 

difference was borderline statistically significant. The follow-up visitors had either received 

dietary counselling at the Lipid Clinic before themselves, or their parents had received it, 

while the new visitors had not. We did not find any statistically significant differences in the 

intake of macronutrients. However, the fatty acid composition is slightly more beneficial in 

the follow-up visitors compared with the new visitors. Follow-up visitors had a little lower 

intake of SFA in combination with a little higher intake of unsaturated fatty acids. Neither the 

difference in PS-ratio between the two groups was statistically significant, but it was higher in 

the group of follow-up visitors (0.42 vs. 0.51 in new vs. follow-up visitors, respectively). As 

indicated in our associations between dietary fatty acids and blood lipid levels, a beneficial 

dietary fatty acid profile may have positive effects on the blood lipid profile in children with 

FH, thus making it reasonable to hypothesize that this may have contributed to the lower 

levels of total and LDL cholesterol in follow-up visitors compared with new visitors. 

Similar findings have been presented in a study by Maffeis et al. (125). They assessed dietary 

intake in Italian children and adolescents with type 1 diabetes who received dietary 

counselling as part of the treatment program, and compared the findings to a healthy control 

group. The study revealed that the children and adolescents with diabetes had a lower intake 

of fat and SFA, and a higher ratio of unsaturated fats to SFA, compared with controls. In 

addition, the LDL cholesterol levels were significantly lower in the patients compared with 

the controls. This is similar to our findings; although not statistically significant, the follow-

up patients seem to have a slightly more beneficial fatty acid composition of the diet, and they 

have significantly lower levels of total and LDL cholesterol, compared with new visitors. 

Although the new visitors are no control group, they have never received dietary counselling 

at the Lipid Clinic before, and hence they can be considered as a reference to the follow-up 

visitors in our study. 

Another factor that may explain the observed differences in cholesterol levels in our study 

population is puberty. Blood lipid levels differ with stages of pubertal development (86). 

Total cholesterol levels decrease with increasing pubertal development. The changes in lipid 

levels that occur with adolescence and maturity are related to the alteration of gonadal 
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hormones (86). However, we see from table 12 that the new visitors are both older and have 

higher levels of testosterone and estradiol compared with follow-up visitors, although not 

statistically significant, thus if anything our results may be underestimated.  

A third factor that could explain the difference in total and LDL cholesterol is the use of plant 

sterols, as plant sterols have shown to decrease cholesterol levels by up to 10 % (67). About 

the same number of participants in the two groups reported intake of plant sterols. However, 

we have no data about the frequency or amount of plant sterols used. Thus, we cannot 

conclude about whether or not a difference in plant sterol consumption may explain some of 

the difference in total and LDL cholesterol levels between new visitors and follow-up visitors. 

We also investigated the blood lipid levels from first visit in those follow-up patients who did 

not use cholesterol-lowering medication, and compared them to the lipid levels at the present 

follow-up visit. We found that the levels of total and LDL cholesterol were both reduced by 

16 % from first visit to the present follow-up visit. This reduction was statistically significant. 

This is similar to the pattern concerning new visitors vs. follow-up visitors. Hence, our initial 

cross-sectional data are confirmed by this sub-study comparing data from two different time 

points.  

This is an interesting and important finding. Normally, with the exception the puberty period, 

cholesterol levels will increase with age, as reflected by higher reference values (126). In this 

subgroup of follow-up patients, we have no data on estradiol and testosterone levels from first 

visit, but the median levels at present visit were low, and probably not compatible with 

puberty (the levels were just above detectable threshold, information obtained from letter of 

reply from the Hormon lab, Oslo University Hospital). Thus, the majority of the follow-up 

patients have probably not yet reached puberty, suggesting that puberty is not the cause of the 

reduced levels of total and LDL cholesterol observed here. Hence we would have expected 

the levels of total and LDL cholesterol to be as high or higher compared with the first visit. 

We can compare this to the conclusion of the CHARON study, recently presented at the 

American College of Cardiology Annual Scientific Session in Washington DC (Langslet G et 

al., 2014, unpublished data). Here the authors concluded that the carotid intima-media 

thickness, normally expected to increase, was normalized by rosuvastatin treatment in 

children with FH. It is therefore tempting to suggest that the observed blood cholesterol 

decrease is a result of dietary counselling. Previous studies conducted on children with 

hypercholesterolemia and genetically induced hypercholesterolemia have also presented 
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lower cholesterol levels at follow-up visits, and connected the reduction to alterations in the 

diet as a consequence of dietary counseling (61, 63, 110-112). Some of the reduction of the 

cholesterol levels may be due to the use of plant sterols. 17 % of these follow-up patients use 

plant sterols. Unfortunately, we do not know how long they have used plant sterols, or the 

amount. However, plant sterols have been shown to reduce cholesterol levels by 10 % (67), 

hence the use of plant sterols may explain some of the reduction of total and LDL cholesterol 

levels, but it cannot explain the whole reduction. 

5.2.7 Clinical implications 

To summarize and translate the findings of this study into advice for clinical practice, we 

hereby present suggestions for dietary modifications. It would be preferable with a 

modification of the fatty acid composition of the diet. Clinically, limiting the intake of SFA is 

the most important dietary modification, and the intake of SFA should be decreased at the 

expense of increased intake of MUFA and PUFA.  

The SFA intake must be reduced by approximately 50 % in order to comply with dietary 

recommendations (53). On group level, this represents a daily reduction of 10-15 g SFA/d, 

and must be tailored individually. In the following calculation, values are obtained from the 

Norwegian Food Composition Database (127). Meat and dairy products, including cheese, are 

the main contributors to SFA intake. Replacing full-fat cheese (18 g SFA/100 g) by low-fat 

cheese (10 g SFA/100 g), results in an 8 g reduction per 100 g cheese. Similarly, replacing 

semi-skimmed milk (0.7 g SFA/100 ml) by skimmed milk (0.1 g SFA/100 ml), a reduction of 

0.6 g SFA/100 ml can be obtained. Furthermore, replacing full-fat minced meat 

(approximately 8.3 g SFA/100 g) with lean minced meat (approximately 3.5 g SFA/100 g), 

just below 5 g SFA/100 g can be spared. By doing these dietary modifications, two slices of 

bread and cheese (40 g cheese), two glasses of milk (500 ml) and minced meat for dinner (150 

g), a reduction of 13-14 g SFA/d can be obtained, resulting in SFA intake below 7 E %.  

Sugar intake was high among the boys. From a clinical point of view, limiting sugar intake is 

important for reducing risk of developing overweight and obesity, with a subsequent high risk 

of type 2 diabetes and other comorbidities (108). The most important dietary modification for 

limiting sugar intake is reducing the intake of sugar-sweetened beverages and candy.  
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Fiber intake was 18 g/d. An increase in the intake of berries, fruits and vegetables would be 

beneficial for several reasons, including an increase in fiber intake. With such dietary 

alterations, micronutrient density will increase, and they are in line with the suggested 

modifications of SFA and sugar intake (128, 129). A parallel increase in whole grain foods, 

such as oatmeal and oat bran that contains beta-glucans, would further increase fiber intake. 

Moreover, these foods have cholesterol-lowering properties, potentially additive to the 

cholesterol-lowering effect of dietary fatty acid optimization (57). 

Subsequent to these dietary modifications aiming at reducing SFA and sugar intake, and 

increasing berries, fruits, vegetables and whole-grain foods, we might expect an increase in 

the intake of potassium, magnesium, folate, vitamin C and iron. Clinically, this is important 

for the ratio between sodium and potassium, in addition to the increase of magnesium, 

beneficial in terms of blood pressure management, an important risk factor for CVD (130). 

Furthermore, an increased intake of fatty fish would be beneficial in terms of increased intake 

of vitamin D, as well as long-chained PUFA. Both lean and fatty fish should be consumed on 

a regular basis. 
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6 Conclusion 

The main objective of this thesis was to provide more knowledge about the diet of children 

with FH. In this study we found that: 

 Total fat intake and intake of MUFA and PUFA was within the recommended range 

(31, 10 and 5.9 E %, respectively), but intake of SFA was higher than recommended 

(12 E %). Cholesterol intake was within the recommended range. Fiber intake was 18 

g/d. Sugar intake was too high, boys consuming significantly higher amounts 

compared with girls, 14 vs. 9 E %, respectively.  

 The intake of vitamin D and iron was lower than recommended range for boys and 

girls, and intake of folate was below recommended range for girls. No significant 

differences were found between intake of micronutrients between girls and boys. The 

remaining micronutrients were within the recommended range.  

 Bread, cereals, vegetables, fresh fruit and berries, meat and milk were quantitatively 

important foods, as most participants consumed them. A high consumption of pizza, 

cakes, and sweets and snacks was observed. The participants consumed either semi-

skimmed or skimmed milk in favor of whole milk, and the same was observed for 

low-fat cheese compared to full-fat cheese. Boys had a higher intake of sugar-

sweetened beverages than girls, but a lower intake of vegetables, fresh fruit and berries 

than girls.  

 SFA intake was positively correlated with total and LDL cholesterol, apo A-1 and apo 

B. PUFA intake was negatively correlated with LDL cholesterol and apo B. The P/S 

ratio was negatively correlated with total and LDL cholesterol and apo B. 

 No participant was 100 % compliant to the recommendations, as no participant had an 

intake of SFA below 7 E %. However, compliance to remaining fat components was 

satisfactory. Compliance to cholesterol, carbohydrates, added sugar and fiber was 

inadequate. 

 The blood total and LDL cholesterol was lower in follow-up visitors compared with 

new visitors. Furthermore, the follow-up visitors had reduced the blood total and LDL 
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cholesterol from the first visit at the Lipid Clinic. These data suggests a beneficial 

effect of outpatient clinic activity on blood lipid levels in children with FH. 
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7 Future perspectives 

Due to limited time available, all data collected in this study have not yet been analyzed. 

These are data regarding diet, physical activity, lifestyle, living conditions, family relations, 

socioeconomic status, and PBMC, plasma and serum samples. Investigating relationships 

between these is of relevance in future research. It would be interesting to investigate if age-

related variations in diet were present, as well as effects of cholesterol-lowering medication 

on compliance to dietary recommendations. In addition, regression analyses would provide 

further information regarding effects of dietary factors on lipid levels. Regression analyses 

allows for adjustments for confounding and interacting factors. Furthermore, comparisons 

with predictive equations by Keys, Hegsted and Müller (49-51) would have been interesting, 

to investigate if these equations are applicable in a population of FH children. 

This master study was part of a larger project investigating early atherosclerotic markers in 

children with FH. Diet is possibly interacting with markers of disease progression. The data 

collected in this thesis will contribute to further investigate the effects of dietary intake on 

PBMC gene expression in FH children. 

Future cross-sectional studies on the same FH population in order to reproduce the data would 

further strengthen our data, and also allowing for investigating time trends in dietary intake 

and associations with blood lipid levels. In order to fully elucidate the effects of dietary fatty 

acids and a cholesterol-lowering diet on blood lipid levels and markers of disease progression 

in children with FH, clinical intervention trials and metabolic ward studies are needed. This 

might be the next important step in the research of dietary implications in children with FH. 
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Appendices 



Appendix 1: Study invitation 

 

 

 

 

INVITASJON TIL FORSKNINGSPROSJEKT:  

Betydning av kosten for kolesterolnivå, betennelsesstoffer og andre sykdomsmarkører hos 

barn og ungdom med familiær hyperkolesterolemi (FH) 
 

I forbindelse med din neste visitt på Lipidklinikken kontakter vi deg for å spørre om du vil delta i et 

forskningsprosjekt. Forskningsprosjektet har til hensikt å øke kunnskapen om kostholdets betydning for barn 

og ungdom med FH.  

 

Vitenskapelige rapporter viser at man har liten kunnskap om kostholdet til barn og ungdom med FH, og hva 

slags påvirkning kostholdet har på fettstoffer og betennelsesstoffer i blodet. Hovedhensikten med denne 

studien er å undersøke om det er noen sammenheng mellom kosthold og nivå av fettstoffer og 

betennelsesstoffer i blod hos barn og ungdom med FH, slik at kunnskapsgrunnlaget for behandlingen bedres.  

 

Hvis du ønsker å delta i studien må du møte en gang på Lipidklinikken for å ta en blodprøve (et stikk) og for 

en kort samtale rundt kostholdet og om andre familieforhold (som foresattes yrke, utdannelse, osv). Møtet 

skjer i forbindelse med den polikliniske timen du satt opp til på Lipidklinikken. Det hele kommer til å ta ca. 

30 minutter ekstra, og dette vil foregå etter timen med lege og eventuelt klinisk ernæringsfysiolog. Før du 

kommer til Lipidklinikken må du fylle ut en kostdagbok slik at vi kan kartlegge ditt kosthold. Du registrerer 

antall porsjoner (svarte ruter) som spises av en mat-/drikkevare i fire etterfølgende dager (tre ukedager og en 

helgedag) i matdagboken som ligger vedlagt. I tillegg følger det med et bildehefte som viser deg 

porsjonsstørrelser som du bruker til å fylle inn i de oransje rutene i matdagboken. 

 

Vedlagt følger et samtykkeskjema hvor det står mer informasjon om studien, og eventuelt et alderstilpasset 

informasjonsskriv til deg hvis du er under 16 år. Hvis du ønsker å delta må du eller dine foresatte (hvis du er 

under 16 år) undertegne på samtykkeskjemaet. Studien er godkjent av Regional komité for medisinsk og 

helsefaglig forskningsetikk. Prosjektet er et samarbeid mellom Lipidklinikken, Rikshospitalet og Avdeling 

for ernæringsvitenskap, Universitetet i Oslo. 

 

Hvis du ønsker å delta i studien eller har noen spørsmål, kan du ta kontakt med: 

 

Professor dr philos. Kirsten Bjørklund Holven (prosjektleder) 

Avdeling for ernæringsvitenskap, Universitetet i Oslo 

e-post: kirsten.holven@medisin.uio.no, tel: 22 85 13 61 

 

Overlege og førsteamanuensis dr med. Kjetil Retterstøl 

Lipidklinikken, Oslo Universitetssykehus 

e-post: kretters@ous-hf.no, tel: 23 07 56 09 

 

Forsker og klinisk ernæringsfysiolog Ingunn Narverud 

Avdeling for ernæringsvitenskap, Universitetet i Oslo 

e-post: ingunn.narverud@medisin.uio.no, tel: 22 85 15 56 

 

Masterstudent i klinisk ernæring Kristin Torvik 

Avdeling for ernæringsvitenskap, Universitetet i Oslo 

e-post: kristin.torvik@studmed.uio.no, tel: 95 90 16 09 

mailto:kirsten.holven@medisin.uio.no
mailto:kretters@ous-hf.no
mailto:ingunn.narverud@medisin.uio.no
mailto:kristin.torvik@studmed.uio.no


Appendix 2: Informed consent 

 

 

Forespørsel om å delta i forskningsprosjektet ”Betydning av 

kosten for kolesterolnivå, betennelsesstoffer og andre 

sykdomsmarkører hos barn med FH” 

Dette er en forespørsel om å delta i et forskningsprosjekt hvor vi ser på betydningen av 

kostvaner for nivået av fettstoffer i blodet og andre risikomarkører som betennelsesstoffer for 

barn med arvelig høyt kolesterol.  

 

Før dere bestemmer dere for om dere vil delta, er det viktig at dere forstår hvorfor studien 

gjennomføres, hva den innebærer og hvilke fordeler, risikoer og ubehag som kan være 

forbundet med den. Dere bør lese denne informasjonen nøye og spør gjerne en av de 

prosjektansvarlige om ting du er usikker på. 

 

Bakgrunn  
Forhøyet kolesterol er en risikofaktor for hjerte-kar sykdom, fordi kolesterol avleires i 

pulsåreveggen. Det tar flere årtier å ”bygge opp” kolesterolavleiring slik at det blir sykdom. 

Barn som er født med forhøyet kolesterol er spesielt utsatt for kolesterolavleiring. Vi vet lite 

om når kolesterolavleiringen starter, men vi tror at vi kan påvirke denne prosessen tidlig f. eks 

hos barn og ungdom med familiært forhøyet kolesterol. 

 

Ny forskning har vist at hjerte-karsykdom er en betennelsesprosess. Betennelse kan utløses av 

høyt kolesterol i seg selv, men også andre faktorer kan bidra. Å redusere betennelsesprosessen 

kan være en ny måte å redusere kolesterolavleiringer i blodåreveggen på. Man kan tenke seg 

at dette kan redusere risikoen for hjerte-kar sykdom. 

 

Alle personer med arvelig høyt kolesterol blir anbefalt å spise et kosthold med mindre inntak 

av mettet fett. Få studier har sett på sammenhengen mellom kostvaner, kolesterolnivået og 

betennelses stoffer hos barn og unge med FH 

 

Grunnen til at vi kontakter deg er at vi vil undersøke om nivået av betennelsesstoffer i blodet 

er relatert til kolesterol nivået og har sammenheng med kostvanene dine. Vi vil også studere 

om typen av den arvelige formen for høyt kolesterol du har påvirker disse faktorene. Vi vil 

også studere om familieforhold kan påvirke de samme faktorene. Vi ønsker å ta en blodprøve 

for å måle kolesterolnivået og andre betennelsesstoffer. Vi ønsker også at du fyller ut en 

kostdagbok som vil gi oss informasjon om dine kostvaner samt fyller ut et spørreskjema om 

familieforhold som antall søsken i familien, utdanning og yrke til foreldrene. Opplysningene 

vil kunne kobles til diverse offentlige registre (f.eks. Nasjonalt register over hjerte- og 

karlidelser, Nasjonalt reseptbasert legemiddelregister og NAV Aa-registeret). Vi ønsker å 

koble de innsamlede prosjektopplysningene mot hverandre og mot allerede eksisterende 

kliniske opplysninger i din journal ved Lipidklinikken for å studere sammenhenger mellom 

kostvaner, kolesterol nivå, betennelsesmarkører, type arvelig form av kolesterol, 

familiehistorie osv.  
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Du trenger derfor kun å avgi blodprøve en gang og du trenger ikke å møte opp på 

Lipidklinikken flere ganger for å delta i denne studien.  
 

Hvem vi søker 

 Barn (5-18 år) med arvelig høyt kolesterol som har vært i konsultasjon på 

Lipidklinikken.   

 

Hva vil dette bety for barnet ditt? 

 Barnet trenger å avgi en blodprøve samt å fylle ut en kostdagbok og et spørreskjema 

om familieforhold (med hjelp fra en av foreldrene når barnet er yngre enn 14 år)  

 

Deltagelse er frivillig 

 Det er frivillig å være med i studien. Du kan når som helst trekke barnet ditt uten 

å oppgi grunn.  

 

Hva skjer med informasjonen som samles inn om barnet ditt? 
Vi ønsker å koble data fra kostregisteringen mot nivået av kolesterol og betennelsesstoffer i 

blodet, og til opplysninger om foreldres yrke og utdanning. Vi ønsker å koble de innsamlede 

prosjektopplysningene mot hverandre og mot allerede eksisterende kliniske opplysninger i din 

journal ved Lipidklinikken for å studere sammenhenger mellom kostvaner, kolesterol nivå, 

betennelsesmarkører, type arvelig form av kolesterol, familiehistorie osv. Forskerne er 

underlagt taushetsplikt, og alle opplysninger som nedtegnes blir behandlet strengt 

konfidensielt. Alle forskningsdata vil være avidentifiserte. Avidentifisert betyr at ingen 

utenforstående får vite hvem som har deltatt i studien men gir ansvarshavende for prosjektet 

(se under) mulighet til å koble sammen journaldataene fra den enkelte forsøksperson som 

dataene er hentet fra. Opplysninger som fremkommer i sluttrapporten og i artikler vil ikke 

kunne tilbakeføres til enkeltpersoner.  

 

All informasjon vil bli behandlet konfidensielt. Alle opplysninger som blir samlet til denne 

studien vil bli slettet senest 2028. Det er frivillig om du ønsker å delta i denne undersøkelsen.  

Dersom du ønsker og delta ber vi deg underskrive samtykket. Dersom du ikke ønsker og 

delta trenger du ikke foreta deg noe.  

 

Dersom du ønsker ytterligere informasjon er det bare å ta kontakt med en av de undertegnede  

 

Professor dr philos. Kirsten Bjørklund Holven, Avdeling for Ernæringsvitenskap, 

Universitetet i Oslo, tel: 22 85 13 61 

Overlege og førsteamanuensis dr med. Kjetil Retterstøl, Lipidklinikken, Oslo 

Universitetssykehus, Avdeling for ernæringsvitenskap, Universitetet i Oslo . 

Tel: 23 07 56 09 

 

Andre viktige opplysninger 

 Prosjektet finansieres av driftsmidler fra Universitetet i Oslo. Det vil bli søkt støtte til 

prosjektet fra ulike forskningsfond. De prosjektansvarlige har ingen økonomiske 

interesser i prosjektet.  

 Etter gjeldende regler er studien blitt godkjent av Regional komité for medisinsk 

forskningsetikk,   

 Ved eventuelle spørsmål før, under eller etter studien kan du kontakte en av de 

prosjektansvarlige (se nedenfor). 
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 Ansvarshavende for prosjektet er Professor Kirsten B Holven (prosjektleder), 

Avdeling for ernæringsvitenskap, Institutt for medisinske basalfag, Universitetet i 

Oslo (e-post: kirsten.holven@medisin.uio.no, tel 22851361) og overlege og 

førsteamanuensis dr med. Kjetil Retterstøl, Lipidklinikken, Oslo Universitetssykehus 

(e-post: kretters@ous-hf.no; Tel: 23 07 56 09. 

 

 

Ytterligere informasjon om studien finnes i kapittel A – utdypende forklaring av hva 

studien innebærer. 

Ytterligere informasjon om forskningsbiobank, personvern og forsikring finnes i 

kapittel B – Personvern, forskningsbiobank, økonomi og forsikring.  

Samtykkeerklæring følger etter kapittel B. 

 

Kapittel A- utdypende forklaring av hva studien innebærer 

Inklusjon/eksklusjonskriterier: 

Følgende forhold må være oppfylt for å delta i studien: 

Inklusjonskriterier:  

 Barn med arvelig høyt kolesterol som har vært til konsultasjon på Lipidklinkken, Oslo 

Universitetssykehus.  

 

Kapittel B - Personvern, biobank, økonomi og forsikring 

Personvern 

Opplysninger vil vi bruke til å koble kost data mot nivå av kolesterol og betennelsesstoffer i 

blodet til allerede eksisterende kliniske opplysninger i journalen som type arvelig form av 

kolesterol, familiehistorie osv. Forskerne er underlagt taushetsplikt, og alle opplysninger som 

nedtegnes blir behandlet strengt konfidensielt. Det blir ikke kopling mot andre registre som 

har opplysninger om deg. Einar Hysing ved Oslo Universitetssykehus er 

databehandlingsansvarlig etter personopplysningsloven/helseregisterloven. Etter gjeldende 

regler er studien godkjent av Regional komité for medisinsk forskning, og meldt til Norsk 

samfunnsvitenskapelig datatjeneste AS. 

Forskningsbiobank 

Det søkes om opprettelse av en spesifikk forskningsbiobank med navn FH-Kost i prosjektet. 

Ansvarshavende for forskningsbiobanken er professor Jan G. Bjålie. Forskningsansvarlig er 

Lipidklinikken, Oslo Universitetssykehus. Forskningsbiobanken vil bestå av blodprøver, og 

planlegges å vare til 31.12.2028. Deretter skal materialet behandles i henhold til 

helseforsikringsloven § 30. Det vil ikke være aktuelt med utførsel av materialet til utlandet. 

Dersom slik utførsel blir aktuell vil dette kreve søknad til Regional komité for medisinsk 

forskning.  

Utlevering av materiale og opplysninger til andre 

Hvis du sier ja til å delta i studien, gir du ditt samtykke til at informasjonen fra journalene kan 

benyttes av de prosjektansvarlige samt andre samarbeidspartnere i prosjektet.  

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 barnet ditt. Du har videre rett til å få korrigert eventuelle feil i de opplysningene 

mailto:kirsten.holven@medisin.uio.no
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vi har registrert. Dersom du trekker barnet ditt fra studien, kan du kreve å få slettet 

innsamlede opplysninger.   

Økonomi  

 Prosjektet er et samarbeidsprosjekt mellom Lipidklinikken ved Oslo 

Universitetssykehus, Rikshospitalet og Avdeling for ernæringsvitenskap, Universitetet 

i Oslo. Prosjektet finansieres av egne driftsmidler fra Avdeling for 

ernæringsvitenskap, Universitetet i Oslo. Det vil bli søkt støtte til prosjektet fra ulike 

forskningsfond. De prosjektansvarlige har ingen økonomiske interesser i prosjektet.  

 

Forsikring 

 Deltakerne er forsikret gjennom pasientskadeforsikringen  

 

Informasjon om utfallet av studien 

Resultatene fra studien vil bli publisert i fagtidsskrifter og presentert på nasjonale og 

internasjonale fagmøter. 

 

 Ansvarshavende for prosjektet er professor Kirsten B Holven (prosjektleder) (e-post: 

kirsten.holven@medisin.uio.no, tel 22851361 ), og overlege og førsteamanuensis dr 

med. Kjetil Retterstøl, (e-post: kretters@ous-hf.no; Tel: 23 07 56 09). 

 

 

Samtykke til deltakelse i studien 

 

 

Jeg godkjenner at mitt barn deltar i studien  

 

 

---------------------------------------------------------------------------------------------------------------- 

(Signert av en av barnets foreldre, dato) 

 

 

 

 

 

 

Jeg bekrefter å ha gitt informasjon om studien 

 

 

---------------------------------------------------------------------------------------------------------------- 

(Signert av prosjektansvarlig, dato) 
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Appendix 3: Age-adjusted information 5-11 years 

 

 

Informasjonsskriv til barn 5-11 år 

Vil du være med i en undersøkelse? 
 

 

Vi vil gjerne undersøke hvordan det du spiser påvirker et fettstoff i blodet ditt. Derfor lurer vi 

på om du vil bli med i en undersøkelse. 

 

 

Hvis du blir med, må du være litt lengre på Lipidklinikken neste gang 

du skal til legen der. Før du kommer må du skrive ned alt du spiser og 

drikker i fire dager. Mor, far eller en annen voksen hjemme kan hjelpe 

deg med å skrive det ned i dagboken du har fått i brevet. Når dere 

kommer på Lipidklinikken snakker vi sammen om det du har spist. 

 

 

 

 

Når du kommer til legetimen vil vi ta en blodprøve av 

deg. Du kan spise og drikke som vanlig selv om du må ta 

blodprøve. Noen synes det kan gjøre litt vondt å ta 

blodprøve. Hvis du vil kan du få en krem på armen før 

du skal ta blodprøven. Kremen gjør at du ikke kjenner 

stikket så godt. 

 

 

Du og mor, far eller en annen voksen hjemme bestemmer om du skal være med eller ikke, og 

du kan slutte når som helst. Ingen blir sinte på deg selv om du ikke vil være med. 

 

Du kan spørre oss hvis du lurer på noe. Du kan få hjelp av mor, far eller en annen voksen 

hjemme til å ta kontakt med oss hvis du lurer på noe. Du kan ringe Kristin på telefon 

95901609. Du kan også spørre oss når du kommer til Lipidklinikken hvis du heller vil det.  

 

 

  
 

 



Appendix 4: Age-adjusted information 12-15 years 

 

Informasjonsskriv barn og ungdom 12-15 år 

Vil du delta i en studie? 
 

Du blir spurt om å delta i en studie fordi du har høyt kolesterol i blodet. I studien ønsker vi å 

kartlegge kostholdet til barn og ungdom med familiær hyperkolesterolemi (FH). Studien skal 

undersøke om det er en sammenheng mellom kosthold og mengden av kolesterol og andre 

stoffer i blodet. 

 

 

 

Vi vet ikke så mye om kostholdet til barn og ungdom med FH, og 

hvordan det påvirker kolesterol og andre stoffer i blodet. Denne studien 

kan hjelpe oss til å finne ut mer om det, og det kan gjøre at vi kan hjelpe 

barn og ungdom som har FH enda mer. 

 

 

 

Hvis du blir med, må du være litt lengre på Lipidklinikken neste gang du skal til legen der. 

Før du kommer ønsker vi at du skriver ned alt du spiser og  

drikker i fire dager. Du skriver det ned i kostdagboken du har 

fått i brevet, og bruker bildeheftet som følger med til å skrive 

ned hvor store porsjonene du spiser er. Etter at du er ferdig 

hos lege og klinisk ernæringsfysiolog på Lipidklinikken, 

møtes vi for å snakke litt sammen om det du har skrevet i 

kostdagboken. Møtet tar ca. 30 minutter. Dette er den eneste 

gangen vi møtes, og når du drar er du ferdig med det du må 

gjøre i studien. 

 

 

 

Når du kommer til legetimen vil vi ta en blodprøve av deg. Du 

kan spise og drikke som vanlig selv om du må ta blodprøve. Det 

vil bli brukt en nål for å ta blodprøver. Nålestikket kan gjøre litt 

vondt, men det er bare et stikk og smerten vil forsvinne veldig 

fort. Hvis du vil kan du få en krem på armen før du skal ta 

blodprøven. Kremen gjør at du ikke kjenner stikket så godt. 

 

 

 

Det er frivillig å være med i studien. Hvis du ikke ønsker å være med trenger du ikke det. Selv 

om du har bestemt deg for å delta, kan du når som helst ombestemme deg og si at du ikke vil 

være med lenger, uten å oppgi noen grunn for det.  

 

Hvis du vil være med i studien må en av dine foresatte godkjenne det fordi du er under 16 år.  

 

Dersom det er noe du ikke forstår eller ting du lurer på kan du kontakte Kristin enten på e-

post kristin.torvik@studmed.uio.no eller på telefon 95901609. Du kan også stille spørsmål 

hvis du lurer på noe når du kommer til Lipidklinikken.  

mailto:kristin.torvik@studmed.uio.no
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Dagbok

Hvor finner jeg matvarene i dagboken?

Side Side
Drikke  2-4 Poteter/ris/pasta  13
Brød  4 Grønnsaker  13-14
Smør/margarin   5 Saus/dressing  14
Pålegg  5-7 Is/dessert  15
Yoghurt  7 Kaker/kjeks  16
Frokostgryn/grøt  8 Frukt/bær  17
Kjøttretter  9-10 Snacks  17
Fiskeretter  11 Godterier  18-19
Andre retter/salater 12 Tran/kosttilskudd  19

Ukedag

Dato

Var denne dagen en vanlig dag? Skriv ja eller nei i rutene.

Hvis det var en uvanlig dag, forklar hvorfor denne dagen var uvanlig:

. .

Fyll inn:

år

Kjønn

Alder

HUSK:

 Alt du spiser/drikker skal skrives opp

 Sett ikke kryss i dagboken

 Sett bare bokstaver i de orange rutene

 Sett bare tall i de sorte rutene

Skriv 1 hvis gutt/mann,
2 hvis jente/kvinne

1=mandag, 2=tirsdag, 3=onsdag, 4=torsdag,
5=fredag, 6=lørdag og 7=søndag
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Drikke

Vann glass

Helmelk, søt/sur glass
(eks. helmelk, kefir)

Lettmelk,  søt/sur glass
(eks. lettmelk, Cultura)

Ekstra   lett   lettmelk glass

Skummet   melk glass

Drikkeyoghurt  glass

Sjokolademelk   av  glass

lettmelk (eks.  Nesquick, Litago)

Sjokolademelk av glass
skummet  melk (eks. O'boy,  Nesquick)

Kakao  av   helmelk kopp

Kakao av lettmelk kopp

Kakao av skummet  melk kopp

Appelsinjuice  glass

Eplejuice/eplemost glass

Nektar  (eks. eple, tropisk glass
frukt, annen frukt)

Brus med sukker glass
(eks. Cola, Solo)

Brus   med sukker 1/2   liter
(eks. Cola, Solo)

2

Litago sjokolademelk 1/2  liter

For størrelsen på glasset du drikker av, se bildeserie 1.
Fyll inn bokstaven i den orange ruten.

    Antall   kl. 6-10   kl. 10-14 kl. 14-18     kl. 18-22  kl. 22-6

Sjokolademelk av glass
helmelk  (eks.  O'boy, Nesquick)

Brus, kunstig søtet  glass

(eks. Cola light, Solo lett)

Brus, kunstig søtet 1/2   liter

(eks. Cola light, Solo lett)

Sjokolademelk av glass
ekstra  lett lettmelk  (eks. O'boy)

Kakao av kopp

ekstra lett  lettmelk
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Drikke  forts.

Mineralvann glass
(eks.  Farris)

Te, vanlig kopp
(eks. Earl  Grey,  solbær)

Fruktte  (eks.  nype,  kamille) kopp

Iste/urtete  glass/pakning
med sukker    (250 ml)

Kaffe, kokt      kopp
(eks. presskanne)

Sukketter / Natrena / stk
Canderel

Sukker til te/ kaffe teskje/
biter

Melk  til  te/kaffe spiseskje

 
kl.  6-10         kl.  10-14        kl.  14-18      kl.  18-22    kl.  22-6

Annet
beskriv best mulig hva, hvor mye og når:

3

Antall

Saft med sukker glass
(eks. husholdning, appelsin, solbær)

Saft, kunstig søtet glass
(eks. Fun light)

Kaffe, traktet/filter kopp

Kaffe, pulver kopp
(instant)

Caffe latte, Cappucino   glass/kopp
(4dl)

Espresso kopp
(1dl)

Energidrikk        boks
(eks. Battery) (330 ml)

Mineralvann 1/2 liter
(eks.  Farris)
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Øl, vin, brennevin

Pilsner boks/flaske
                             (330 ml)

Sterkøl boks/flaske
    (330 ml)

Hvitvin glass

Rødvin glass

Brennevin dram
(4 cl)

 
kl.  6-10      kl.  10-14        kl.  14-18        kl.  18-22              kl.  22-6

Annet
beskriv best mulig hva, hvor mye og når:

Brød  m.m.

Loff /fint  rundstykke skiver

Mellomgrovt  brød, skiver
grovt  rundstykke, kneippbrød

Grovt brød skiver

Baguette / Ciabatta stk

Knekkebrød   lyst, stk
skonrok, kavring

Knekkebrød,  mørkt stk

Lompe, potetlefse stk

Pølsebrød, stk
hamburgerbrød

Flatbrød stk
(eks.  Mors   flatbrød,   Ideal)

 
kl. 6-10       kl. 10-14      kl. 14-18        kl. 18-22        kl. 22-6

4

Pitabrød stk

  
Antall

Antall

Skriv  antall  skiver  i  sort  rute.  For  tykkelse på brødskiven
se  bildeserie  2  og  fyll  inn bokstaven  i orange  rute.

1 skive  =  1/2  rundstykke

Alkoholfritt øl, vørterøl glass
(eks. Clausthaler, Munkholm)

Lettøl boks/flaske
    (330 ml)

Dansk rugbrød, skiver

Rusbrus boks/flaske
(eks. Cider, Bacardi breezer)     (330 ml)

Pumpernikkel
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Smør eller margarin på brød.

Meierismør til  antall  skiver

Bremykt til antall skiver

Brelett til antall skiver

Margarin til antall  skiver
(eks. Soya, Per, Melange)

Annet
beskriv best mulig hva, hvor mye og når:

Pålegg
Du  skal  oppgi  mengde pålegg  i  forhold  til  brødskiver.  Har  du  spist  to  typer  pålegg på  samme  brødskive,
fører du opp  begge (eks. 1  hvitost  helfet  og 1 skinke).  Hvis  du  bare  har  spist  pålegg  og  ikke  brød,  anslå
til  hvor  mange  skiver  du kunne  brukt  dette  pålegget.

Antall   kl. 6-10   kl. 10-14      kl. 14-18        kl. 18-22               kl. 22-6
Kjøttpålegg

Servelat,  vanlig til  antall  skiver

Kokt skinke, til antall skiver
spekeskinke, lett servelat

Salami, til antall  skiver
spekepølse, fårepølse

Leverpostei, vanlig til antall skiver

Leverpostei, mager til antall  skiver

           Antall     kl. 6-10           kl. 10-14            kl. 14-18      kl. 18-22         kl.22-6

  5

Kalkun-/   til antall skiver
kyllingpålegg

1 skive  = 1/2  rundstykke = 1  knekkebrød
= 2 vaffelhjerter = 2  kjeks = 1/2  ciabatta

Hvor mye smurte du på brødet?
Se bildeserie 3   og  skriv  bokstaven for  det  bildet  som  ligger nærmest  opp til den
smør-/margarinmengden  du  brukte  på brødet.  Hvis  du  hadde  forskjellig  mengde  smør/margarin på de
brødskivene du   spiste  innenfor  det  angitte  tidsrommet,  kan  du  anslå  et  gjennomsnitt  for   skivene.

Bildeserie 3

1 skive = 1/2 rundstykke = 1 knekkebrød
= 2 vaffelhjerter = 2 kjeks = 1/2  ciabatta

               kl. 6-10      kl. 10-14                 kl. 14-18   kl. 18-22      kl. 22-6

Lettmargarin til antall  skiver
(eks. Soft light)

31963



Ost Antall         kl. 6-10       kl. 10-14      kl. 14-18      kl. 18-22      kl. 22-6

Hvitost helfet 27% fett til antall skiver
(eks. Jarlsberg,  Norvegia)

Hvitost halvfet 16% fett til antall  skiver
(eks. Norvegia  lettere)

Brunost  helfet til antall   skiver
(eks. Geitost,  G35,  Fløtemysost)

Brunost  halvfet,  prim til antall  skiver

Smøreost,  vanlig til antall  skiver
(eks.  Baconost, Snøfrisk)

Smøreost,  mager til antall skiver
(eks. mager skinkeost)

Dessertost til  antall skiver
(eks.  Brie,  Gräddost, Ridderost)

Fiskepålegg

Kaviar til antall skiver

Røkt laks/ ørret  til antall skiver

Makrell i  tomat, til antall skiver
røkt  makrell

Sardiner,  sursild, til antall  skiver
ansjos

Syltetøy/ søtpålegg

Syltetøy vanlig,  gelé, til antall skiver
marmelade

Syltetøy  lett,    frysetøy til antall  skiver

Peanøttsmør til antall skiver

Hapå/Litago pålegg til antall skiver

Honning til antall skiver

6

Sjokolade-/nøttepålegg     til  antall  skiver

 Antall            kl. 6-10       kl. 10-14      kl. 14-18  kl. 18-22       kl. 22-6

 Antall           kl. 6-10        kl. 10-14      kl. 14-18  kl. 18-22        kl. 22-6

Kremost til  antall skiver
(eks. Philadelphia, Gourmetoster)

Annet
beskriv best mulig hva, hvor mye og når:
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Antall kl. 6-10        kl. 10-14                  kl. 14-18              kl. 18-22        kl. 22-6

Egg, kokt/stekt til antall  skiver

Majonessalat til antall  skiver
(eks.  italiensk  salat,  rekesalat)

Majonessalat,  lett til antall  skiver
(eks.  italiensk salat,  lett)

Tomat  som   pålegg til antall skiver

Banan  som  pålegg til antall skiver

Annet
beskriv best mulig hva, hvor mye og når:

Pynt  på  brødskiver
Antall      kl. 6-10              kl. 10-14       kl. 14-18          kl. 18-22              kl. 22-6

Majones/remulade, til antall   skiver
vanlig

Majones/remulade, til antall   skiver
lett
Agurk til antall   skiver
(frisk/syltet)

Annet
beskriv best mulig hva, hvor mye og når:

Yoghurt     Antall  kl. 6-10            kl.10-14      kl.14-18          kl.18-22        kl.22-6

Yoghurt   med frukt beger (175 ml)

Yoghurt 0,1% fett beger (125 ml)

Litago  yoghurt beger  (125 ml)

Litago  yoghurt beger inkl. müsli

m/müsli

Go'morgen  yoghurt beger inkl.müsli

m/müsli

7

Annet  pålegg
1 skive = 1/2  rundstykke= 1 knekkebrød
=2 vaffelhjerter= 2  kjeks= 1/2 ciabatta

Paprika til antall   skiver

Piano Duo Yoghurt beger  (125 ml)

Yoplait frukt beger  (125 ml)

Rødbeter (syltet)      til antall   skiver
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Antall    kl. 6-10  kl. 10-14     kl. 14-18   kl. 18-22      kl. 22-6

Havregryn bildeserie 4

Havregrøt bildeserie  5

Firkorn bildeserie 4

Müsli, søtet bildeserie 4
(eks. Crusli, Solfrokost)

Müsli, usøtet bildeserie  4
(eks. Go'Dag,  Frukt müsli)

Cornflakes bildeserie 4

Honnikorn/ bildeserie  4
Frosties/Chocofrokost

Puffet ris/ bildeserie  4
havrenøtter/hvetenøtter

Annet
beskriv best mulig
hva, hvor mye og når:

Melk/sukker/ syltetøy  brukt sammen  med frokostgryn  og grøt

   Antall    kl. 6-10 kl. 10-14     kl. 14-18   kl. 18-22    kl. 22-6

Helmelk, søt/sur dl

Lettmelk, søt/sur dl

Skummet   melk, søt/sur dl

Syltetøy vanlig,  gelé, teskjeer
marmelade

Syltetøy  lett,  frysetøy teskjeer

Sukker teskjeer

Annet
beskriv best mulig
hva, hvor mye og når:

For  drikkeyoghurt  som tilbehør  til frokostgryn  og  grøt se side 2
For  yoghurt som  tilbehør  til  frokostgryn og grøt  se side 7

8

3 teskjeer=1 spiseskje

Frokostgryn/grøt

Ekstra lett lettmelk dl
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Kjøtt og kjøttretter

 Antall   kl. 6-10       kl. 10-14            kl. 14-18          kl.  18-22        kl. 22-6Pølse

Grillpølse/wienerpølse, stk
vanlig

Grillpølse/wienerpølse, stk
lett

Middagspølse/ kjøttpølse
kjøttpølse/medisterpølse (15 cm)

Middagspølse/ kjøttpølse
kjøttpølse, lett (15 cm)

Kjøttretter/pizza

Karbonader stk

Kjøttkaker/medisterkaker stk

Elg- / rein karbonader stk

Tacoskjell   med  kjøttdeig fylte skjell
og salat

Pitabrød med fylte  pita
kjøtt  og  salat

Kjøttdeigsaus /tomatsaus bildeserie 11
med kjøttdeig

Lasagne stk
(10x8cm)

Pizza,  trekantstykker    bildeserie 12

Pizza,  firkantstykker bildeserie 13

9

Hamburger med  brød stk
(eks.  vanlig,  McDonalds  mfl.)

 Antall    kl. 6-10          kl. 10-14       kl. 14-18      kl. 18-22        kl. 22-6

Moussaka stk
(10x8cm)

Snitzel stk
(eks. ostesnitzel)

Kalkun/kyllingpølse stk

Kebab fylte  pita

Annet
beskriv best mulig hva, hvor mye og når:

Løvstek skiver

For  lompe,  pølsebrød  og  hamburgerbrød  se  side 4
For  ketchup  og sennep se  side 14
For  kokt  pasta (uten saus) se  side 13
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Kjøtt  forts.

   Antall       kl. 6-10       kl. 10-14       kl. 14-18     kl. 18-22        kl. 22-6Rent  kjøtt

Biff (okse,  lam,  svin) stykker

Koteletter (svin, lam,  okse)  koteletter

Stek (svin, lam, okse) skiver

Skinke (Bayonne, hermetisk) skiver

Elg-/hjort-/rein sdyrstek skiver

Grillet  kylling 1/4  kylling

Kyllingfilet fileter

Bacon skiver

Gryteretter

Risotto bildeserie  11

Fårikål bildeserie 11

Lapskaus bildeserie 11

Gryterett med bildeserie  11
elg-/hjort-/reinsdyrkjøtt

Gryterett med bildeserie 11
får-/okse-/svinekjøtt

Leverretter bildeserie  11

Annet
beskriv best mulig hva, hvor mye og når:

For saus  se  side  14

10

Antall  kl. 6-10  kl. 10-14       kl. 14-18      kl. 18-22    kl. 22-6

Gryterett (basis) med       bildeserie 11
kjøttdeig/pølser
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Fisk og fiskeretter

   Antall       kl. 6-10      kl. 10-14      kl. 14-18       kl. 18-22       kl. 22-6

Fiskefarse

Fiskeboller stk

Fiskekaker / fiskepudding stk/skiver

Ren  fisk

Torsk / sei, kokt/bakt stykke

Torsk / sei, stekt bildeserie 14

Laks / ørret, kokt/bakt stykke

Laks / ørret, stekt       bildeserie 14

Makrell, kokt stykke

Makrell, stekt bildeserie 14

Flyndre / steinbit, kokt stykke

Flyndre / steinbit, stekt bildeserie  14

Tillagede  fiskeretter og  fiskepinner

Fiskepinner stk

Panert fisk stk

Fiskegryte /suppe med fisk tallerken
(3 dl)

Fiskegrateng stk

Reker og  fiskeinnmat

Reker (uten skall) bildeserie 9

Torskerogn skiver

Fiskelever spiseskjeer

Annet
beskriv best mulig hva, hvor mye og når:

11

 Antall      kl. 6-10          kl. 10-14        kl. 14-18       kl. 18-22       kl. 22-6

 Antall      kl. 6-10          kl. 10-14        kl. 14-18       kl. 18-22       kl. 22-6

(10x8cm)
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Andre retter
Antall    kl. 6-10           kl. 10-14       kl. 14-18      kl. 18-22        kl. 22-6

Risengrynsgrøt bildeserie 5

Pannekaker stk

Suppe tallerken
(eks. blomkål, tomat) (3dl)

Ertesuppe / betasuppe tallerken

(3 dl)
Kjøttsuppe tallerken
(eks. Trøndersodd) (3 dl)

Omelett antall egg
i stykket

Ostepai stykke
(10x8cm)

Vegetarrett
beskriv hva (oppskrift), hvor mye og når:

Annet
beskriv best mulig hva, hvor mye og når:

Blandet  salat  med  kjøtt /fisk/skalldyr

Blandet salat med bildeserie 10
kjøtt/skinke

Blandet salat bildeserie 10
med pasta

Annet
beskriv best mulig hva, hvor mye og når:

12

For dressing se side 14

Eggerøre til antall  skiver

 Antall      kl. 6-10          kl. 10-14       kl. 14-18      kl. 18-22        kl. 22-6

Pasta  med  tomatsaus     bildeserie 6
uten kjøtt

Pasta med  hvit saus bildeserie 6
(eks. carbonara)

Blandet salat       bildeserie 10
med skalldyr/fisk

Blandet salat      bildeserie 10
med tunfisk

 (For sukker se s. 8 og smørøye s. 5)

(For sukker og syltetøy se s. 8)
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Antall      kl. 6-10      kl. 10-14               kl. 14-18              kl. 18-22          kl. 22-6

Potet, kokt stk

Potet,  bakt stk

Potetmos bildeserie  7

Gratinerte poteter bildeserie 7

Potetsalat  med spiseskjeer
majones/rømmedressing

Potetsalat spiseskjeer
med oljedressing

Ris, kokt  bildeserie  6
(eks. parboiled,  naturris)

Ris, kokt bildeserie 6
(eks. jasmin,  basmati,  hurtigris)

Pasta, kokt bildeserie 6
(eks.  spaghetti,  makaroni,   tagliatelle)

Annet
beskriv best mulig hva, hvor mye og når:

Grønnsaker

Gulrot       stk

Kålrot       skive

Brokkoli bildeserie 9

Hodekål skalk

Råkost bildeserie 9
(gulrot, blandet av  flere grønnsaker)

Grønnsaksblanding, fryst bildeserie 9
(eks. amerikansk blanding)

13

Pommes  frites bildeserie 8

Nudler pose
(eks  Mr.Lee)

 Antall         kl. 6-10           kl. 10-14        kl. 14-18      kl. 18-22        kl. 22-6

Potet/ris/pasta

Blandet salat bildeserie  10
(eks. kinakål,   mais,   tomat  og agurk)

Blomkål bildeserie 9

Surkål spiseskjeer
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      Antall      kl. 6-10     kl. 10-14   kl. 14-18     kl. 18-22       kl. 22-6

Tomat skiver/båter

Stekte grønnsaker      bildeserie 9
(eks. wokblanding)

Paprika ringer

Mais spiseskjeer

Løk, stekt spiseskjeer

Annet
beskriv best mulig hva, hvor mye og når:

Hvit saus spiseskjeer

Saus/dressing

Ostesaus spiseskjeer

Brun saus spiseskjeer

Olje- og eddikdressing spiseskjeer

Smeltet  smør/   spiseskjeer
margarin

Tomatsaus spiseskjeer
(uten kjøtt)

Ketchup spiseskjeer

Sennep spiseskjeer

Bernaise saus  ol. spiseskjeer

Dressing, vanlig spiseskjeer
(eks. Thousand Island)

Dressing,  lett spiseskjeer
(eks. Thousand Island light)

Lettrømme 20%  fett spiseskjeer

Majones/remulade, spiseskjeer
vanlig

Majones / remulade, spiseskjeer
lett

14

Seterrømme  35%  fett spiseskjeer

 Antall      kl. 6-10          kl. 10-14        kl. 14-18        kl. 18-22        kl. 22-6

Annet
Beskriv best mulig hva, hvor mye og når:

Grønnsaker forts.

Ertestuing spiseskjeer
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Is/dessert

Is

Is  bildeserie 15
(eks. vanilje,  krokan, sjokolade)

Ispinne stk
(eks. Gullpinne, Pin up)

Kremmerhus stk
(eks. Kroneis,  Kronevaffel)

Saftispinne stk
(eks. Lollipop)

Gelé,  pudding,  fromasj

Gelé bildeserie  15

(eks. sitron,  jordbær)

Pudding bildeserie 15
(eks. sjokoladepudding)

Riskrem, bildeserie 5
multekrem,   fromasj

Fruktcoctail bildeserie 5

Hermetisk  frukt,  fruktgrøt

Ananas (ring),  stk
pære/fersken (halv)

Fruktgrøt,  kompott bildeserie 5

Annet
beskriv best mulig hva, hvor mye og når:

Fløte spiseskjeer

Krem,  pisket spiseskjeer

Dessertsauser / krem

Sjokoladesaus spiseskjeer

Karamellsaus spiseskjeer

Vaniljesaus spiseskjeer

Annet
beskriv best mulig hva, hvor mye og når:

Antall   kl. 6-10       kl. 10-14      kl. 14-18     kl. 18-22        kl.22-6

15

Yoghurtis bildeserie 15
(eks. Dream ,  Living  Lite)

 Antall    kl. 6-10         kl. 10-14        kl. 14-18      kl. 18-22        kl. 22-6

Risifrutti med saus beger
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Antall          kl. 6-10        kl. 10-14       kl. 14-18     kl. 18-22     kl. 22-6

Kaker,  gjærbakst

Boller stk

Julekake, kringle skive/stykke

Skolebrød, skillingsbolle stk

Wienerbrød, wienerkringle stk

Vafler hjerter

Eplekake, stykker
pai med frukt/bær

Formkake, muffins skive/ stk

Sjokoladekake stykker

Marsipankake, bløtkake stykker

Fyrstekake, nøttekake stykker

Smultring stk

Kjeks

Kjeks  (eks.  Mariekjeks, stk
Gjende), småkaker

Fylte  kjeks stk
(eks. Ballerina, Monaco,  Pepita)

Havrekjeks stk
(eks.  Bixit,  Sibas)

Smørbrødkjeks stk
(eks.   Kornmo,  Golden Crisp)

Smørbrødkjeks stk
(eks. Kaptein,  Start)

Salte kjeks stk
(eks. Ritz, Salinas)

Kjeks med  sjokolade stk
(eks. Maryland cookies,
Bixit med  sjokoladetrekk)

Annet
beskriv best mulig hva, hvor mye og når:

16

 Antall        kl. 6-10         kl. 10-14       kl. 14-18    kl. 18-22     kl. 22-6

Kokosbolle stk

(Se syltetøy s. 6, se rømme s. 14)
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Frukt/bær    Antall       kl. 6-10    kl. 10-14     kl. 14-18   kl. 18-22     kl. 22-6

Eple stk

Banan stk

Pære stk

Appelsin stk

Druer stk

Fersken / nektarin stk

Jordbær (friske/frosne) stk

Rosiner neve

Snacks
Potetgull, vanlig neve
(1  neve =  8  flak)

Potetgull, vanlig pose  (300g)

Potetgull, lett/ neve
potetskruer (1  neve =  8 flak)

Potetgull,  lett/ potetskruer pose (300g)

Ostepop neve
(1  neve=  8  ostebuer)

Maischips (1  neve = 8  flak)  neve

Peanøtter pose (100g)

Dip spiseskjeer
(eks. rømme  m/dipmix)

Popcorn neve

Annet
beskriv best mulig hva, hvor mye og når:

Kiwi stk

17

Mandarin/klementin stk

 Antall          kl. 6-10        kl. 10-14    kl. 14-18      kl. 18-22    kl. 22-6

Annet
beskriv  best  mulig  hva, hvor mye og  når:

Melon, vann skive

Melon, eks. cantalup skive
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Godterier

 Antall    kl. 6-10      kl.  10-14 kl. 14-18  kl. 18-22     kl.  22-6Sjokolade / konfekt

Melkesjokolade plate  (100 g)
(Melkesjokolade,  Firkløver,
  Helnøtt)

Mørk   kokesjokolade staver/4 ruter

Marsipan  med sjokolade som  Gullbrød
(eks. Gullbrød,  marsipangris)  (65 g)

Sjokoladebiter biter
(eks. Twist,   konfekt)

Kinderegg stk

Snickers,   Japp stk
(85g)

Kjekssjokolade som  Kvikklunsj
(eks.  Kvikklunsj,  Twix) (46g)

Gelesjokolade stk

New Energy stk

Smågodt

Lakris stk
(eks.  "salte sild",  lakrisbåter)

Gelégodt stk
(eks.  seigmenn, vingummi,
"colaflasker")

Skumgodt stk
(eks.  "viskelær", " sopp",
 marshmellows)

Syrlige  drops stk
(eks. "bringebær",
salte og sure  bomber)

Karamell stk
(eks. Fudge, Smørbukk,  Fox)

18

Godteripose    pose
(Godt &  blandet, Søppeldynga, (150g)
Partymix)

Kjærlighet på pinne stk

 Antall              kl. 6-10        kl. 10-14      kl. 14-18   kl. 18-22    kl. 22-6

Annet
beskriv best mulig hva, hvor mye og når:

(eks.Troika)

Melkesjokolade ruter
(Melkesjokolade,  Firkløver,
  Helnøtt)
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Drops / pastiller

Drops/pastiller stk
med sukker
(eks.  kamferdrops,   Halslinser,  Doc)

Pastiller, stk
kunstig søtet   (eks. Dent)

Tyggegummi stk
med sukker

Tyggegummi, stk
kunstig søtet
(eks.  Extra,  V6)

Annet
beskriv best mulig
hva, hvor mye og når:

Antall    kl. 6-10         kl. 10-14       kl. 14-18     kl. 18-22     kl. 22-6

19

Antall kl. 6-10      kl. 10-14        kl. 14-18       kl. 18-22     kl. 22-6

Tran barneskje

Trankapsler stk

Sanasol barneskje

Biovit barneskje

Multivitamin stk
(eks. Vitaplex,  Vitamineral)

Fluortabletter stk

Jerntabletter  (9 mg) stk

Folat (400 µg) stk

Annet
beskriv best mulig
hva, hvor mye og når:

Tran/kosttilskudd

1  barneskje=  5  ml
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Appendix 6: Information on how to record food intake 

 

Råd om utfylling av kostdagboken 

Hvordan fyller jeg ut dagboken? 

Bla gjennom dagboken og bildeheftet før du starter slik at du blir kjent med innholdet. På de 

siste sidene i denne informasjonen er det eksempler på hvordan dagboken fylles ut. 

Du har fått utdelt 4 kostdagbøker 

Fyll ut en kostdagbok hver dag i 4 sammenhengende dager, 3 ukedager og 1 helgedag. Alt fra 

du våkner/står opp den første morgenen til du legger deg for natten den siste dagen skal føres 

opp. Det er viktig at du får med alt. Spis, drikk og lev som du pleier. 

Forsiden 

På forsiden av hver dagbok skal du fylle inn kjønn, alder, hvilken ukedag det er, dato og om 

det er en vanlig eller uvanlig dag (for eksempel helgedag, bursdagsselskap o.l.). På forsiden 

finner du også en oversikt over hvor du finner de ulike matvarene i heftet. 

Tidsbolker – døgnet er delt inn i tidsbolker 

Legg merke til at en dag er delt inn i 5 tidsbolker (for eksempel kl. 6-10, kl. 10-14). Fire av 

disse er på 4 timer, mens den siste strekker seg fra kl. 22 om kvelden til kl. 06 neste morgen. 

Du skal skrive ned hvor mye du har spist eller drukket i de aktuelle tidsrommene. Har du 

begynt å spise innen en tidsbolk og sluttet i den neste skriver du alt i den tidsbolken du startet. 

Alt du spiser og drikker skal noteres i de svarte rutene 

For hver matvare/drikke er det oppgitt en enhet som skal beskrive mengden du spiser. For 

eksempel skal drikke angis i antall glass, og brød oppgis i antall skiver. Du skal for alle 

matvarer angi hvor mange enheter du har spist/drukket. Du kan skrive hele tall som 1, 2, 3 

eller deler som ¼ eller 1 ½ for alle matvarer og drikker. Antallet skal fylles inn i de svarte 

rutene. 

Bruk bildeheftet du har fått når du fyller ut i de oransje rutene. Her skal du bare fylle i 

med bruk av bokstaver 

For noen matvarer må du se i bildeheftet for å angi hvor mye du har spist eller drukket. Ved 

disse matvarene er det vist til den bildeserien du må se på. Flere av bildeseriene består av 4 

alternativer merket A, B, C, D. Velg det alternativet som stemmer best med hvor mye du har 

spist. Du skriver bokstaven i den oransje ruten. Enkelte matvarer skal du sammenligne med 

bilder for å se hvor stor plass matvaren du har spist har tatt på tallerkenen. 

  



 

 

Bruk bare tall og bokstaver 

Spiser du flere porsjoner av ulik størrelse, må du tenke på hvordan alle porsjonene ville sett ut 

til sammen. Har du for eksempel spist to porsjoner spaghetti, en som ligner på B og en annen 

som ligner A, kan du skrive 1 ½ B. Bruk bare tall og bokstaver, ikke kryss. 

«Annet» 

Dersom en matvare ikke er med i dagboken, kan du bruke rubrikken «Annet». Dersom du 

spiser noe som ikke står oppført i dagboken, er det fint om du skriver ned det du har spist og 

får med hvor mye og når i de åpne rubrikkene for «annet». Her kan du også beskrive hva 

retten/maten er laget av. 

NB! 

 Dagbøkene må ikke brettes 

 Bruk gjerne myk blyant til å skrive med dersom du må endre noe, men du kan også 

bruke penn 

 Skriv gjerne ved hva du har spist like etter at du har spist/drukket noe 

 

Lipidklinikken 

2013 
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ungdommene om hva deltakelse vil si; personer under 16 år skal ikke selv signere på disse skrivene.
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det at data vil avidentifiseres i 2023. Komiteen antar dette misforholdet er en glipp, og har som en del av sitt
vedtak godkjent oppbevaring av opplysninger i fem år etter prosjektslutt. Det bes om at også dette revideres
i skrivet.

Ut fra dette setter komiteen følgende vilkår for prosjektet:

Informasjonsskriv og samtykkeerklæring skal sendes ut i forkant av poliklinisk oppfølging, sammen
med innkallingsbrevet.
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helseforskningsloven med forskrifter.

Tillatelsen gjelder til 31.12.2023. Av dokumentasjons- og oppfølgingshensyn skal opplysningene likevel
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dato.
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Sluttmelding og søknad om prosjektendring
Prosjektleder skal sende sluttmelding til REK sør-øst på eget skjema senest 30.06.2024, jf. hfl.
12. Prosjektleder skal sende søknad om prosjektendring til REK sør-øst dersom det skal gjøres vesentlige
endringer i forhold til de opplysninger som er gitt i søknaden, jf. hfl. § 11.

Klageadgang
Du kan klage på komiteens vedtak, jf. forvaltningslovens § 28 flg. Klagen sendes til REK sør-øst.
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Appendix 8: Case report form 

 
ID-kode:_____________  Alder:______  

 

Kostdagbok nr. (4 stk):_______________________________________________________ 

 

Generelt 

 Er mor, far eller andre foresatte med i samtalen? Hvis ja, hvem? 

 

 

 Spør om deltagers (eller foreldres/foresattes) mobilnr. og epost-adr., og spør om vi kan 

kontakte dem om det er noe vi lurer på i etterkant. 

 

Mobilnr:______________________________________________________________ 

 

E-post:_______________________________________________________________ 

 

Spørsmål om deltageren 

 

 Antall søsken (hvor mange har FH?) 

 

 Er FH arvet fra mor eller far? 

 

 Er begge foreldrene norske? 

 

 Driver du med organisert idrett og/eller annen trening på fritiden? Hvis ja, hvor ofte? 

 

 

 Har du fylt ut Smart Diet i dag? (må gjøres) 

o Ja 

o Nei 

 

Spørsmål til foreldrene om deltageren 

 

 Hvem bor barnet sammen med (sett kryss): 

 

o mor og far 

o mor 

o far 

o andre (spesifiser):_________________________________________________ 

 

 Hvor mange bor i husholdningen? _________________________________________ 

 

 Hva er postnummeret til barnets faste bosted?________________________________ 

 

 Hva er poststedet til barnets faste bosted?____________________________________ 

 

 I hvilket fylke ligger barnets faste bosted?___________________________________ 

 



 

CRF FH-kost  Dag/dato:________________________ 

 Spørsmål ved gjennomgang av kostdagboken 

 

 

o Ble alt du spiste og drakk i de fire dagene notert ned i kostdagboken, eller var 

det noe som ble utelatt (for eksempel på SFO, etter skolen, eller lignende)? 

 

 

 

 

 

 

 

 

o Gå ellers gjennom aktuelle ting fra kostdagboken  

 

 

 

 

 

 

 

 

 

o Var noe ved kostdagboken uklart? 

 

 

 

 

 



 

CRF FH-kost  Dag/dato:________________________ 

Huskeliste for Kristin 
 

 

 Følgende må det være ekstra av på LK: 

 

o Samtykkeskjemaer 

o Kostdagbøker 

o Smart Diet 

o Rekvisisjoner 

o Blodprøverør og merkesystem 

o Penner 

o Ferdig frankerte konvolutter nødvendig å ettersende kostdagbøker 

 

 

Sjekk at kostdagboken er fylt ut riktig  

 

Er det målt vekt og høyde i dag? 

Hvis ikke så må det måles nå. 

 

 

Er det blitt tatt blodprøve?  

 

Hvor lang tid har det gått siden siste inntak av mat 

eller drikke?  

 

Er samtykkeskjemaet underskrevet og levert til 

Kristin? 

- Barn < 16 år: forelders underskrift 

- Ungdom > 16 år: deltagers underskrift 

 

Har Kristin skrevet under de to samtykkeskjemaene 

(en til Kristin, en til deltageren)? 

 

Husk å hente kopi av utfylt Smart Diet (både barn 

og voksen) fra kef 

 

 



Appendix 9: Questionnaire form for parents 

 

Spørreskjema til utfylling av foreldre/foresatte 

 

 Hva er din alder?______ 

 

Hva er annen forelder sin alder?______ 

 

 Sivilstatus (sett kryss) 

 

o Enslig 

o Gift 

o Samboer 

o Skilt 

o Enke/Enkemann 

 

 Hvilket utdanningsnivå har du? (sett kryss): 

 

o Ingen utdanning 

o Grunnskole 

o Videregående skole 

o Høyskole/Universitet til og med 4 år 

o Høyskole/Universitet over 4 år 

 

 Hvilket utdanningsnivå har annen forelder? (sett kryss): 

 

o Ingen utdanning 

o Grunnskole 

o Videregående skole 

o Høyskole/Universitet til og med 4 år 

o Høyskole/Universitet over 4 år 

 

 Hvis utdanning, hvilken utdanning har du?:_________________________________ 

 

Hvis utdanning, hvilken utdanning har annen forelder:________________________ 

 

 Hva er ditt yrke? _________________________________ 

 

Hva er den annen forelder sitt yrke? _________________________________ 

 

 Røyker og/eller snuser du? (sett kryss) 

 

o Ja 

o Nei 

 

 Røyker og/eller snuser annen forelder? (sett kryss) 

 

o Ja 

o Nei 

 



 
 

 

 Hvor viktig eller uviktig synes du/dere at det er å følge kostrådene som gis på 

Lipidklinikken? (sett kryss) 

 

o 1 (ikke viktig) 

o 2 (lite viktig) 

o 3 (nøytral) 

o 4 (ganske viktig) 

o 5 (svært viktig) 

 

 Hvem lager oftest maten hjemme? 

 

o Mor 

o Far 

o Andre (spesifiser): _________________________________  

 

 Hvor mange ganger i løpet av de siste 7 dagene har du gjort følgende i minst 10 

minutter sammenhengende? 

 

o Meget anstrengende fysisk aktivitet som tunge løft, gravearbeid, aerobics, løp 

eller rask sykling. (Aktiviteten krever hard innsats og får deg til å bli andpusten 

og svett mer enn vanlig). 

Svar:___________________________________________________________  

 

o Middels anstrengende fysisk aktivitet som å bære lette ting, jogge eller sykle i 

moderat tempo. (Aktiviteten krever moderat innsats og får deg til å puste litt 

mer enn vanlig. Ta ikke med gange). 

Svar:___________________________________________________________  

 

o Lett fysisk aktivitet. (Dette inkluderer gange på jobb og hjemme, gange fra et 

sted til et annet eller gange som du gjør på tur eller som trening på fritiden). 

Svar:___________________________________________________________  

 

 Hvor lang tid brukte du gjennomsnittlig per gang på følgende i løpet av de siste 7 

dagene? 

 

o Meget anstrengende fysisk aktivitet som tunge løft, gravearbeid, aerobics, løp 

eller rask sykling. (Aktiviteten krever hard innsats og får deg til å bli andpusten 

og svett mer enn vanlig). 

Svar:___________________________________________________________  

 

o Middels anstrengende fysisk aktivitet som å bære lette ting, jogge eller sykle i 

moderat tempo. (Aktiviteten krever moderat innsats og får deg til å puste litt 

mer enn vanlig. Ta ikke med gange). 

Svar:___________________________________________________________  

 

o Lett fysisk aktivitet. (Dette inkluderer gange på jobb og hjemme, gange fra et 

sted til et annet eller gange som du gjør på tur eller som trening på fritiden). 

Svar:___________________________________________________________  

 

  



 
 

 

 Bruker barnet kolesterolsenkende medikament(er)? (sett kryss) 

 

o Ja 

o Nei 

 

 Bruker barnet plantesteroler? (sett kryss) 

 

o Ja 

o Nei 

 

o Hvis ja, på hvor mange brødskiver daglig? ______________ 

 

 Bruker barnet tran og/eller vitamin- og mineraltilskudd? (sett kryss) 

 

o Ja 

o Nei 

 

 Hvor mange timer per dag sitter barnet stille foran en skjerm (for eksempel TV, 

datamaskin, I-pad, I-phone, og lignende)? 

 

Svar: ______________  

 



Appendix 10: Iso-BMI curves for girls and boys 
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Appendix 11: Table A1-A11 



Table A1. Subject characteristics.         
  Total, n = 41 Girls, n = 23 Boys, n = 18 Reference values1 p2 
Age, years 12 (10-15) 12 (10-16) 11 (10-15) 

 
0.53 

Girls, % 56 - -  - 
Weight, kg 47 (32-60) 51 (33-59) 43 (31-62) 

 
0.81 

Heigh, cm 155 (140-167) 158 (140-163) 153 (139-172) 
 

0.67 
iso-BMI normal, %3 73 69 78  0.73 
iso-BMI ≤ 18.5, %3 10 9 11  1.00 
iso-BMI ≥ 25, %3 17 22 11  0.44 
Cholesterol-lowering medication, % 37 39 33  0.70 
Plant sterols, % 20 17 22  0.71 
Smart Diet score4 32 (30-34) 32 (29-35) 33 (30-34) 

 
0.78 

Total cholesterol, mmol/l 5.6 (5.0-7.2) 5.8 (5.0-7.1) 5.5 (5.0-7.3) 3.0-5.5 0.82 
LDL cholesterol, mmol/l 4.1 (3.3-5.4) 4.2 (3.4-5.4) 3.6 (3.3-5.6) < 3.0 0.80 
HDL cholesterol, mmol/l 1.4 (1.3-1.8) 1.5 (1.3-1.8) 1.4 (1.2-1.7) 0.8-2.7 0.42 
Triglycerides, mmol/l 0.8 (0.6-0.9) 0.8 (0.6-0.8) 0.8 (0.6-1.0) 0.5-2.6 0.62 
Apo A-1, g/l 1.4 (1.3-1.7) 1.5 (1.3-1.7) 1.4 (1.3-1.7) 1.0-2.3 0.83 
Apo B, g/l 1.1 (1.0-1.4) 1.2 (1.0-1.4) 1.1 (0.9-1.4) 0.5-1.3 0.68 
Lp (a), mg/l5 294 (98-658) 350 (107-677) 290 (89-658) - 0.78 
CRP, mg/l 0.6 (0.6-0.7) 0.6 (0.6-0.6) 0.6 (0.6-1.3) < 4 0.19 
Fibrinogen, g/l6 2.8 (2.6-3.1) 2.8 (2.6-3.0) 2.9 (2.7-3.2) 1.7-4.0 0.52 
Estradiol, nmol/l7 0.09 (0.05-0.17) 0.15 (0.06-0.29) 0.05 (0.04-0.11) - 0.006 
Testosterone, nmol/l7 0.6 (0.5-2.6) 0.5 (0.5-1.3) 3.1 (0.5-13.3) - 0.05 
SHBG, nmol/l7 60 (43-86) 62 (46-87) 52 (35-86) - 0.43 
Glucose non-fasting, mmol/l5 4.9 (4.7-5.4) 4.8 (4.6-5.4) 5.2 (4.8-5.5) 4.0-6.0 0.11 
ASAT, U/l 29 (27-32) 30 (27-32) 29 (27-32) 15-45 0.84 
ALAT, U/l 17 (14-21) 18 (13-22) 17 (14-17) 10-45 0.24 
Creatinine, µmol/l9 49 (41-59) 51 (44-60) 47 (39-58) 37-63 0.62 
CK, U/l5 124 (101-169) 118 (92-170) 128 (109-153) 30-250 0.53 
Iron, µmol/l10 15 (13-19) 17 (11-21) 15 (13-17) 9-22 0.34 
Transferrin, g/l11 2.8 (2.6-3.1) 2.7 (2.6-2.9) 3.0 (2.6-3.2) 2.0-3.3 0.23 
Transferrin saturation, %11 0.21 (0.16-0.26) 0.21 (0.16-0.31) 0.20 (0.16-0.24) 0.10-0.57 0.25 
Ferritin, µg/l 31 (24-46) 31 (22-46) 31 (28-42) 10-140 0.52 
Vitamin B12, pmol/l10 398 (337-552) 396 (334-485) 406 (343-591) 150-650 0.69 
Folate, nmol/l10 19 (16-24) 19 (15-26) 20 (17-24) > 10 0.68 
Homocysteine, µmol/l12 7 (5-8) 6 (5-8) 7 (5-8) 3-12 0.80 
Vitamin A, µmol/l7 1.4 (1.1-1.6) 1.5 (1.1-1.7) 1.2 (1.0-1.6) 1.2-3.6 0.36 
Vitamin D (25-hydroxy), nmol/l7 50 (39-59) 57 (44-66) 41 (35-53) 37-131 0.009 
Data are presented as percentage or median (25 th - 75 th percentile). Blood samples are mainly non-fasting. Siblings are not 
included. BMI, body mass index; LDL cholesterol, low-density lipoprotein cholesterol; HDL cholesterol, high-density 
lipoprotein cholesterol; Apo (A-1, B), apolipoprotein (A-1, B); Lp(a), lipoprotein (a); CRP, C-reactive protein;  
SHBG, sex hormone-binding globulin; ASAT/ALAT, aspartate/alanine aminotransferase; CK, creatine kinase. 
1The reference values are given as a range for the reference values for girls and boys 12 years, reflecting median age of the 
study group. 
2Girls vs. boys (Mann-Whitney U test, Chi-Square test or Fisher's Exact test). 
3iso-BMI is BMI adjusted for age. 
4Smart Diet is a self-administered questionnaire used by the Lipid Clinic to assess a patient’s diet, optimal score is 41 points. 
5Total n = 38, girls = 20, boys = 18. 
6Total n = 32, girls = 17, boys = 15. 
7Total n = 36, girls = 20, boys = 16. 
8Total n = 38, girls = 21, boys = 17. 
9Reference value for fasting glucose. 
10Total n = 40, girls = 22, boys = 18. 
11Total n = 37, girls = 20, boys = 17. 
12Total n = 36, girls = 19, boys = 17. 
  



Table A2. Intake of macronutrients in children with familial hypercholesterolemia.   
  Total, n = 41 Girls, n = 23 Boys, n = 18 Recommendations1 p2 
Energy, kJ 7642 (6218-8813) 7213 (6196-8051) 8107 (6772-8955) balanced intake 0.26 
Protein, E % 16.7 (15.7-18.4) 16.6 (15.6-18.8) 17.1 (15.9-18.2) 15 0.69 
Fat, E % 30.9 (28.9-34.7) 30.6 (28.4-33.6) 33.1 (29.3-35.6) 25-35 0.15 

Saturated fat, E % 12.2 (10.3-14.1) 12.0 (11.0-13.5) 13.2 (9.9-14.6) < 7 0.99 
Trans fatty acids, E % 0.4 (0.3-0.5) 0.4 (0.3-0.5) 0.4 (0.2-0.6) < 13 0.98 
Monounsaturated fat, E % 10.5 (9.5-11.3) 10.3 (8.9-11.1) 10.9 (10.2-11.9) up to 20 0.06 
Polyunsaturated fat, E % 5.9 (5.3-6.8) 5.5 (4.8-6.6) 6.3 (5.7-7.7) up to 10 0.06 
Total unsaturated fat, E % 16.7 (15.1-18.0) 15.7 (14.6-16.9) 17.2 (16.6-18.8) - 0.007 
PS-ratio4 0.49 (0.39-0.64) 0.45 (0.38-0.58) 0.51 (0.41-0.78) - 0.16 

Cholesterol, mg 186 (148-272) 170 (129-222) 206 (186-275) < 200 0.03 
Carbohydrates, E % 47.5 (45.4-51.5) 48.6 (45.9-52.3) 47.5 (45.0-50.1) 50-60 0.53 

Added sugar, E % 10.3 (6.2-14.3) 10.0 (5.8-11.5) 13.5 (6.8-16.6) < 105 0.18 
Fiber, g 18 (13-22) 18 (15-25) 16 (13-22) 20-30 0.49 

Data are presented as median (25 th - 75 th percentile). Siblings are not included. kJ, kiloJoule; E %, energy percent. 
1The nutrient composition of the diet recommended by the National Cholesterol Education Program (NCEP) (53). 
2Girls' vs. boys' intake (Mann-Whitney U test). 
3Recommended by the European Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS) (55). 
4PS-ratio is the ratio between polyunsaturated fat and saturated fat. 
5Recommended by the Nordic Council of Ministers (56). 
 

Table A3. Intake of micronutrients in children with familial hypercholesterolemia.  
  Total, n = 41 Girls, n = 23 Boys, n = 18 Recommended intake1 p2 
Vitamin A, RAE 752 (507-1226) 643 (422-1226) 916 (572-1299) 600 0.46 
Vitamin D, μg 7.8 (2.9-13.7) 7.8 (2.6-12.3) 8.4 (3.2-15.3) 10 0.45 
Vitamin E, mg  12.3 (8.9-17.0) 10.9 (8.6-16.1) 13.7 (9.1-19.2) 7-8 0.39 
Thiamin, mg 1.3 (1.1-1.6) 1.2 (0.9-1.6) 1.3 (1.1-1.7) 1.0-1.1 0.51 
Riboflavin, mg 1.6 (1.1-2.0) 1.4 (1.0-2.0) 1.7 (1.1-2.3) 1.2-1.3 0.23 
Vitamin B6, mg 1.4 (1.0-1.6) 1.4 (1.0-1.6) 1.5 (0.8-1.8) 1.1-1.2 0.45 
Folate, μg 180 (142-260) 178 (124-228) 219 (145-293) 200 0.53 
Vitamin B12, μg 5.2 (3.7-7.3) 4.6 (3.3-6.6) 5.8 (4.2-9.3) 2.0 0.17 
Vitamin C, mg 76 (51-112) 76 (56-110) 73 (46-118) 50 0.68 
Calcium, mg 853 (699-1057) 843 (691-1055) 933 (690-1075) 900 0.55 
Iron, mg 7.6 (6.4-10.7) 7.5 (6.4-10.1) 8.8 (6.3-12.3) 11 0.51 
Sodium, mg 2344 (1723-2819) 2344 (1808-2956) 2354 (1668-2781) <2300 0.77 
Potassium, mg 2668 (2112-3347) 2659 (2160-3103) 2781 (1993-3479) 2900-3300 0.92 
Magnesium, mg 276 (235-357) 268 (229-309) 314 (233-390) 280 0.34 
Zinc, mg 9.6 (8.0-11.4) 9.0 (7.7-10.5) 10.4 (8.7-11.9) 8-11 0.12 
Selenium, μg 35 (28-54) 34 (29-46) 37 (25-67) 40 0.34 
Copper, mg 1.0 (0.8-1.3) 1.0 (0.8.1.3) 1.0 (0.8-1.3) 0.7 0.77 
Phosphorus, mg 1380 (1125-1667) 1352 (1125-1587) 1440 (1099-1755) 700 0.57 
Data are presented as median (25 th - 75 th percentile). Siblings are not included. 
1Recommended daily intake of nutrients, for use in planning diets for groups (56). The requirements are lower for almost all 
individuals. Values shown is a range of the recommended intake for girls and boys 10-13 years, reflecting the median age of 
the FH-group (12 years). 
2Girls' vs. boys' intake (Mann-Whitney U test). 
 

  



Table A4. Food intake in gram per 10 MJ per day in children with familial hypercholesterolemia. 
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 Total, n = 41  Girls, n = 23  Boys, n = 18     
  n1 mean (SD) P25 P50 P75   n1 mean (SD) P25 P50 P75   n1 mean (SD) P25 P50 P75   p2 
Total food intake 41 2864 (772) 2217 2692 3234  23 3051 (894) 2255 2826 3593  18 2626 (509) 2183 2605 2887  0.12 
Bread 41 176 (77) 117 171 227  23 183 (85) 124 171 261  18 166 (65) 107 167 224  0.53 

Whole grain bread 31 86 (76) 9 91 155  17 71 (76) 0 20 139  14 106 (74) 35 112 169  0.14 
Cereals 40 112 (93) 46 93 149  22 111 (104) 46 76 153  18 112 (77) 61 112 140  0.59 

Pizza 25 68 (90) 0 42 92  14 72 (103) 0 42 91  11 63 (74) 0 49 102  0.92 
Cakes 32 35 (32) 5 31 56  21 41 (29) 13 38 67  11 27 (34) 0 12 46  0.07 
Potatoes 35 51 (55) 21 41 70  20 45 (34) 26 39 64  15 59 (74) 19 42 82  0.91 
Vegetables 40 176 (161) 81 124 218  23 211 (196) 89 183 243  17 132 (85) 69 112 191  0.21 
Fruit and berries 37 242 (182) 97 234 352  22 276 (204) 112 234 411  15 199 (143) 51 233 324  0.34 

Fresh fruit and berries 35 133 (121) 31 101 227  22 158 (130) 42 135 234  13 102 (103) 0 70 210  0.13 
Jam 16 10 (21) 0 0 15  10 12 (25) 0 0 18  6 8 (13) 0 0 13  0.61 
Juice 25 93 (112) 0 51 147  15 98 (121) 0 54 129  10 86 (102) 0 47 168  0.83 
Nuts, seeds, olives 11 3 (8) 0 0 1  8 5 (10) 0 0 7  3 1 (4) 0 0 0  0.15 

Meat and innards 41 132 (68) 72 123 177  23 124 (59) 62 140 173  18 141 (79) 90 122 181  0.79 
Fish and shellfish 33 56 (50) 10 46 85  19 60 (56) 20 46 89  14 50 (43) 5 52 79  0.67 
Eggs 17 16 (25) 0 0 32  8 13 (22) 0 0 20  9 21 (30) 0 6 36  0.31 
Milk, cream, ice cream, etc 41 490 (267) 287 466 684  23 462 (256) 248 465 681  18 527 (282) 327 474 698  0.51 

Milk total 38 394 (285) 166 370 599  21 371 (270) 160 350 644  17 424 (308) 172 409 582  0.69 
Whole milk 6 7 (21) 0 0 0  3 7 (24) 0 0 0  3 6 (17) 0 0 0  0.73 
Semi-skimmed milk 33 211 (259) 29 129 253  17 169 (231) 0 73 222  16 266 (289) 84 205 264  0.06 
Skimmed milk 18 99 (147) 0 0 177  12 120 (162) 0 52 215  6 73 (125) 0 0 127  0.30 

Yoghurt 20 60 (79) 0 0 103  10 56 (81) 0 0 106  10 65 (80) 0 39 108  0.57 
Cream, sour cream 21 12 (21) 0 2 15  14 11 (14) 0 11 16  7 12 (28) 0 0 12  0.19 
Ice cream 15 19 (32) 0 0 31  8 19 (34) 0 0 31  7 19 (30) 0 0 34  0.92 

Cheese 39 40 (35) 18 34 54  22 45 (41) 15 36 65  17 34 (24) 20 29 54  0.53 
White cheese, full-fat 16 8 (13) 0 0 13  10 9 (15) 0 0 13  6 6 (10) 0 0 13  0.53 
White cheese, low-fat 26 23 (32) 0 13 29  14 24 (36) 0 11 35  12 21 (26) 0 21 28  0.69 
Brown cheese 15 7 (11) 0 0 10  10 8 (11) 0 0 16  5 5 (10) 0 0 9  0.32 

Butter, margarine, oil 41 27 (16) 14 25 36  23 22 (13) 12 23 31  18 32 (18) 22 29 42  0.08 
Butter and unspesified butter/margarine 38 6 (6) 2 4 9  22 6 (7) 2 4 10  16 5 (4) 2 5 8  0.79 
Margarine, oil, mayonnaise, dressing 40 21 (16) 9 17 32  23 16 (13) 6 11 19  17 27 (17) 15 24 36  0.02 

Sugar, sweets, snacks 38 47 (40) 16 38 67  22 48 (40) 16 38 67  16 45 (40) 14 41 65  0.77 
Beverages 41 1155 (724) 646 984 1555  23 1282 (845) 503 1069 1767  18 992 (508) 679 972 1098  0.42 

Sugar-sweetened 31 185 (188) 9 117 308  16 133 (148) 0 70 228  15 252 (216) 34 259 398  0.08 
Artificial-sweetened 17 135 (227) 0 0 180  12 176 (255) 0 88 274  5 82 (179) 0 0 33  0.06 
Alcohol 5 50 (162) 0 0 0  4 53 (142) 0 0 0  1 45 (190) 0 0 0  0.30 
Other 39 785 (596) 347 711 1066  22 919 (710) 283 768 1509  17 613 (357) 355 561 893  0.23 

Various 40 88 (67) 49 77 102   22 96 (80) 33 91 125   18 78 (47) 51 71 88   0.48 
Data are presented as mean (SD) and 25 th, 50 th (median), 75 th percentile (P25, P50, P75). Siblings are not included. 
1Number of subjects who have eaten > 0 g/10MJ/d. Note that all data presented are including the null-consumers. 
2Girls' vs. boys' intake (Mann-Whitney U test).  



Table A5. Main food groups' contribution to macronutrients in the total study population (n = 54). 

  Energy Protein Fat Saturated fat Trans fatty acids Monounsaturated fat Polyunsaturated fat Cholesterol Carbohydrates Fiber Added sugar 

Bread 19.31 16.68 6.53 3.48 2.43 5.31 11.79 0.27 27.97 39.73 0.61 

Cereals 13.03 12.44 9.93 12.16 12.53 9.81 8.63 5.85 15.33 16.59 1.85 

Cakes 4.86 1.99 5.88 7.25 1.94 4.72 5.62 2.78 5.40 2.67 11.21 

Potatoes 2.18 0.95 0.27 0.21 0.25 0.28 0.38 0.02 3.78 4.53 0.00 

Vegetables 2.43 2.65 0.85 0.34 0.00 0.79 1.30 0.01 2.93 13.81 1.11 

Fruit and berries 6.27 2.01 2.28 0.74 0.01 2.69 3.98 0.00 10.13 13.76 5.00 

Meat and innards 8.77 22.47 14.55 14.3 24.98 18.34 8.50 27.61 0.77 0.99 0.06 

Fish and shellfish 3.70 9.64 5.52 2.86 2.07 5.73 6.95 11.6 0.68 0.31 0.54 

Egg 0.94 2.03 1.87 1.41 0.00 2.36 1.22 23.92 0.02 0.00 0.00 

Milk, cream, sour cream, etc. 12.22 16.76 11.39 18.24 25.20 9.66 1.45 12.25 11.90 0.77 14.62 

Cheese 4.43 8.39 7.75 11.74 21.99 6.69 2.37 7.11 1.190 0.00 0.12 

Butter, margarine, oil 6.00 0.19 18.88 12.8 2.15 16.59 37.82 1.50 0.13 0.07 0.03 

Sugar, sweets, snacks 8.90 2.72 10.15 12.52 6.24 11.55 4.54 0.73 10.63 4.43 28.19 

Beverages 4.90 0.43 0.25 0.09 0.00 0.33 0.36 1.08 7.72 0.64 32.56 

Various 1.04 0.67 0.83 0.64 0.22 1.06 0.46 0.17 1.29 1.69 4.10 

Dietary supplements 1.02 0.00 3.08 1.22 0.00 4.09 4.63 5.10 0.12 0.00 0.00 

All values given as percentage. 

  



Table A6. Main food groups' contribution to micronutrients in the total study population (n = 54). 
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  Vitamin A Vitamin D Vitamin E Thiamin Riboflavin Vitamin B6 Folate Vitamin B12 Vitamin C Calcium Iron Sodium Potassium Magnesium Zinc Selenium Copper Phosphorous 

Bread 0.02 0.00 5.67 23.06 5.15 6.83 12.67 0.00 0.00 3.27 25.83 24.2 10.29 22.92 16.19 15.15 22.11 16.72 

Cereals 2.23 0.38 4.62 11.83 6.61 8.32 11.89 5.37 1.84 12.84 12.47 9.67 7.62 13.48 13.84 5.29 13.4 13.65 

Cakes 2.87 2.05 3.01 1.89 1.66 1.13 2.20 0.69 0.20 1.07 3.01 2.37 1.56 2.49 1.67 2.14 4.21 2.09 

Potatoes 0.00 0.00 0.91 2.42 0.78 3.46 3.79 0.10 5.91 0.41 2.13 0.86 7.01 3.16 1.26 0.00 3.42 1.53 

Vegetables 16.17 0.00 5.90 4.97 2.4 7.88 14.48 0.00 30.72 3.15 6.76 3.20 13.45 6.38 3.28 1.66 6.87 3.56 

Fruit and berries 0.52 0.00 5.58 6.28 5.63 12.03 13.18 0.00 41.09 2.68 5.12 0.30 13.04 9.21 2.15 2.37 9.55 2.74 

Meat and innards 24.26 0.11 3.04 12.76 11.38 18.73 7.00 27.01 0.13 2.61 17.09 21.89 9.17 6.8 20.87 13.74 8.14 12.2 

Fish and shellfish 0.96 16.97 4.26 3.38 4.15 8.88 2.44 29.37 0.20 1.13 1.55 7.11 5.96 4.17 2.48 29.25 1.54 5.93 

Egg 2.78 4.39 4.21 1.28 4.00 0.92 3.94 4.84 0.00 0.79 2.82 0.72 0.50 0.51 1.58 5.53 0.63 2.01 

Milk, cream, sour cream, etc. 8.41 5.25 1.05 13.29 34.81 9.42 11.96 22.95 1.35 45.27 4.03 6.52 20.26 14.62 14.21 9.24 4.10 24.49 

Cheese 5.01 0.22 1.53 2.47 7.01 1.32 2.24 6.73 0.01 21.53 0.57 5.47 2.99 4.01 7.65 4.95 0.92 9.92 

Butter, margarine, oil 14.43 11.6 12.03 0.04 0.07 0.07 0.11 0.16 0.04 0.03 0.14 4.53 0.07 0.05 0.04 0.17 0.05 0.08 

Sugar, sweets, snacks 0.22 0.01 4.62 4.18 3.44 3.61 2.73 0.98 2.74 2.85 4.15 3.31 5.31 5.71 2.42 0.50 7.08 3.29 

Beverages 0.13 0.20 0.58 0.17 1.22 1.46 0.59 0.22 2.73 0.66 0.85 0.29 1.39 1.53 0.11 0.25 1.18 1.21 

Various 0.15 0.00 0.48 0.32 0.55 0.10 0.20 0.03 0.09 0.63 1.47 9.55 1.37 2.22 0.91 0.20 3.04 0.56 

Dietary supplements 21.85 58.82 42.51 11.65 11.12 15.84 10.58 1.57 12.94 1.09 12.01 0.00 0.00 2.72 11.34 9.55 13.75 0.00 

All values given as percentage. 



Table A7. Correlations between dietary intake of saturated and polyunsaturated fat and blood lipid 
levels. 

 Non-statin users, n = 26 

 Saturated fat intake  Polyunsaturated fat intake  PS-ratio1 
  r p   r p   r p 
Total cholesterol 0.55 0.004  -0.23 0.26  -0.42 0.03 
LDL cholesterol 0.46 0.02  -0.23 0.27  -0.38 0.06 
HDL cholesterol 0.18 0.39  -0.05 0.82  -0.07 0.73 
Triglycerides 0.18 0.39  0.12 0.57  -0.02 0.91 
Apo A-1 0.37 0.07  0.04 0.85  -0.14 0.48 
Apo B 0.45 0.02  -0.21 0.31  -0.36 0.07 
r is Spearman's correlation coeffecient. Children using cholesterol-lowering medication were excluded.  
Siblings are not included. LDL cholesterol, low-density lipoprotein cholesterol; HDL cholesterol, high-density lipoprotein 
cholesterol; Apo (A-1, B), apolipoprotein (A-1, B);  
1PS-rato is the ratio between poly unsaturated fat and saturated fat. 
 

 
Table A8. Blood parameters in children with familial hypercholesterolemia who 
are new visitors or follow-up visitors. 
  New visitors, n = 7 Follow-up visitors, n = 19 p1 
Total cholesterol, mmol/l 7.0 (5.4-8.6) 6.2 (5.0-7.2) 0.17 
LDL cholesterol, mmol/l 5.0 (3.5-6.5) 4.6 (3.3-5.4) 0.24 
HDL cholesterol, mmol/l 1.7 (1.4-1.8) 1.4 (1.3-1.6) 0.20 
Triglycerides, mmol/l 0.8 (0.7-1.5) 0.8 (0.6-1.0) 0.17 
Apo A-1, g/l 1.5 (1.5-1.7) 1.4 (1.3-1.5) 0.05 
Apo B, g/ 1.3 (1.0-1.7) 1.2 (0.9-1.4) 0.31 
Lp (a), mg/l2 294 (65-542) 285 (105-748) 0.75 
CRP, mg/l 0.6 (0.6-1.1) 0.6 (0.6-0.6) 0.40 
Fibrinogen, g/l3 2.8 (2.3-3.6) 2.9 (2.7-3.1) 1.00 

Data are presented as median (25 th - 75 th percentile). Children using cholesterol-lowering medication  
were excluded. Siblings are not included. LDL cholesterol, low-density lipoprotein cholesterol;  
HDL cholesterol, high-density lipoprotein cholesterol; Apo (A-1, B), apolipoprotein (A-1, B);  
Lp(a), lipoprotein (a); CRP, C-reactive protein. 
1New visitors vs. follow-up visitors (Fisher's Exact test or Mann-Whitney U test). 
2Only available for n = 6 new visitors and 17 follow-up visitors. 
3Only available for n = 6 new vistors and 14 follow-up visitors. 
 

  



Table A9. Intake of macronutrients in children with familial hypercholesterolemia who are new 
visitors or follow-up visitors. 
  New visitors, n = 7 Follow-up visitors, n = 19 Reccomendations1 p2 
Energy, kJ 7870 (6230-9301) 7642 (5488-8701) balanced intake 0.51 
Protein, E % 16.3 (15.1-18.4) 17.2 (15.8-18.7) 15 0.25 
Fat, E % 30.1 (26.3-34.8) 30.7 (28.4-33.8) 25-35 0.95 

Saturated fat, E % 12.9 (10.3-14.8) 12.0 (9.5-13.5) < 7 0.36 
Trans fatty acids, E % 0.4 (0.2-0.5) 0.4 (0.2-0.5) < 13 0.58 
Monounsaturated fat, E % 9.5 (8.0-11.0) 10.4 (8.9-11.3) up to 20 0.47 
Polyunsaturated fat, E % 5.9 (5.4-7.3) 5.8 (4.9-6.7) up to 10 0.84 
Total unsaturatet fat, E % 16.9 (13.4-18.0) 16.5 (14.7-17.9) - 0.75 
PS-ratio4 0.49 (0.40-0.58) 0.45 (0.38-0.78) - 0.93 

Cholesterol, mg 185 (129-271) 180 (123-213) < 200 0.84 
Carbohydrates, E % 47.5 (45.7-55.0) 49.2 (46.0-52.3) 50-60 0.71 

Added sugar, E % 7.2 (5.7-22.5) 10.0 (4.2-14.1) < 105 0.75 
Fiber, g 22 (13-33) 17 (14-22) 20-30 0.39 

Data are presented as median (25 th - 75 th percentile). Children using cholesterol-lowering medication were excluded. 
Siblings are not included. kJ, kilo Joule; E %, energy percent. 
1The nutrient composition of the diet recommended by the National Cholesterol Education Program (NCEP) (53). 
2New visitors' vs. follow-up visitors' intake (Mann-Whitney U test). 
3Recommended by the European Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS) (55). 
4PS-ratio is the ratio between polyunsaturated fat and saturated fat. 
5Recommended by the Nordic Council of Ministers (56). 
 

 

Table A10. Characterization of the new visitors and the follow-up visitors. 
  New visitors, n = 7 Follow-up visitors, n = 19 p1 
Age, years 11 (8-16) 10 (8-12) 0.38 
Girls, % 57 53 1.00 
Testosterone, nmol/l2 0.55 (0.50-5,6) 0.50 (0.50-1.9) 0.73 
Estradiol, nmol/l2 0.09 (0.04-0.18) 0.05 (0.04-0.12) 0.69 
Use of plant sterols, % 14 16 0.71 

Data are presented as median (25 th - 75 th percentile). Children using cholesterol-lowering  
medication were excluded. Siblings are not included. 
1New visitors vs. follow-up visitors (Mann-Whitney U test or Fisher's Exact test). 
2Only available for n = 6 new visitors and n = 15 follow-up visitors. 
 

  



Table A11. Blood lipids at first visit and follow-up visit in 
children with familial hypercholesterolemia who are follow-
up visitors. 

 Follow-up visitors, n = 9 
   First visit Follow-up visit p1 

Total cholesterol, mmol/l 6.8 (5.8-8.5) 6.8 (5.0-7.4) 0.11 
LDL cholesterol, mmol/l 5.0 (3.7-6.3) 4.8 (3.4-5.7) 0.11 
HDL cholesterol, mmol/l 1.4 (1.2-1.7) 1.3 (1.2-1.5) 0.78 
Triglycerides, mmol/l 0.8 (0.7-1.1) 0.8 (0.7-1.3) 0.62 
Apo A-1, g/l2 1.4 (1.3-1.6) 1.3 (1.3-1.7) 0.71 
Apo B, g/l2 1.3 (1.2-1.6) 1.2 (1.0-1.4) 0.71 
Lp (a), mg/l3 338 (176-1362) 340 (196-895) 0.47 

Data are presented as median (25 th - 75 th percentile). Children using  
cholesterol-lowering medication were excluded. Siblings are not included. 
LDL cholesterol, low-density lipoprotein cholesterol; HDL cholesterol,  
high-density lipoprotein cholesterol; Apo (A-1, B), apolipoprotein (A-1, B);  
Lp(a), lipoprotein (a). 
1First visit vs. follow-up visit (Wilcoxon signed rank test). 
2Only available for n = 5. 
3Only available for n = 4. 
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