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Summary 
Background: People with elevated cholesterol have an increased risk for developing 

cardiovascular disease (CVD). Lipid modifying diets, which reduces the intake of saturated 

fatty acids (SFA) and increases the intake of polyunsaturated fatty acids (PUFA) reduces the 

cholesterol and affects the risk for developing CVD. There are gaps in research about whether 

subjects with normal-weight (NW) and subjects with obesity (OB) respond differently to 

lipid-modifying diets. 

Objective: To investigate if there are differences in the changes in the lipid profile between 

weight stable, non-statin treated NW (BMI < 25 kg/m
2
) and subjects with OB (BMI 30-45 

kg/m
2
) with elevated low-density lipoprotein cholesterol (LDL-C) eating a diet enriched  with 

either SFA from butter or PUFA from soft margarine for six weeks. 

Method: A total of 71 men and women aged 18-70 years were randomized to one of the two 

diets. 23 NW and 14 OB were randomized to the SFA diet and 20 NW and 14 OB were 

randomized to the PUFA diet group. Butter and soft margarine was handed out to the 

participants, enough to supply them with a minimum portion of 24 grams butter and 25 grams 

soft margarine each day. The dietary intake was registered with a weighed seven days food 

registration at baseline and at the end of the study period. Measurements of the lipid profile, 

total cholesterol (TC), LDL-C, high-density lipoprotein cholesterol (HDL-C), triglycerides 

(TG) and Apolipoprotein B (Apo B) were measured at the screening, randomization visit and 

after four and six weeks.  

Results: The baseline values for TC and LDL-C for all the participants in the study were 6.5 

mmol/L and 4.4 mmol/L. There was a significant between group difference in the mean 

change in TC after six weeks between NW and OB subjects in the SFA diet group (TC NW 

7.1 mmol/l (SD 1.0) and TC OB 6.4 mmol/L (SD 1.3)), with a greater increase in TC for the 

NW (difference 0.4 mmol/L, 95 % CI 0.0,0.8, p= 0.04). In an adjusted linear regression 

analysis there was a significant effect for the variable “diet group” (all p≤0.001) and a trend 

for an effect of the interaction variable between BMI and diet group on the change in TC, 

LDL-C and Apo B. For the NW in the SFA diet group there were significant within group 

changes with an increase in TC, LDL-C, HDL-C and Apo B. For the OB subjects in the SFA 

diet group there were no significant changes. For both the NW and OB subjects in the PUFA 

diet group there were significant within group changes with a reduction in TC, LDL-C and 

Apo B. Significant changes in the diet after six weeks were attained according to the planned 

dietary intervention, with a different in 9.1 E% from SFA and 4.2 E% from PUFA between 

the NW and 10.2 E% from SFA and 5.4 E% from PUFA between the OB subjects in the two 

diet groups.  

Conclusions: For the subjects that increased their intake of SFA it was a difference in the 

response in TC between NW and OB. For NW subjects with elevated LDL-C increasing their 

intake of SFA (19.6 E%) lead to a significant increase in TC, LDL-C, HDL-C and Apo B 

while increasing the intake of PUFA (9.9 E%) gave beneficial changes in TC, LDL-C, Apo B 

and TG. For the OB subjects with elevated LDL-C, an increased intake of SFA (20.4 E%) did 

not significant change the lipid profile, while increasing the intake of PUFA (10.1 E% lead to 

a reduction in TC, LDL-C and Apo B. A failure to include enough participants with obesity 

reduced the strength of these conclusions. 
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1 Introduction 

1.1 Cardiovascular disease 

Diet is important for the prevention and treatment of cardiovascular disease (CVD). The 

World Health Organization (WHO) defines CVD as “disorders of the heart and blood vessels 

and include coronary heart disease, cerebrovascular disease, rheumatic heart disease and other 

conditions” (1). CVD is the reason for 31 % of all global deaths, and it is a big health- and 

economic burden worldwide. Risk factors for CVD include elevated blood pressure (BP), 

glucose, lipid profile and overweight and obesity (1). Modifiable risk factors for the 

development of CVD are the use of tobacco, unhealthy diet and physical inactivity. WHO 

estimates that it is possible to prevent 80 % of premature heart attacks and strokes (1, 2).  

Elevated low-density lipoprotein cholesterol (LDL-C) levels are central in the developing of 

CVD and are used as an important risk factor for predicting the risk of the development of 

CVD (3-5). 

1.1.1 Coronary heart disease 

Coronary heart disease (CHD) constitutes of diseases of the blood vessels supplying the 

muscle of the heart. An acute event like heart attack are often caused by a blockage in the 

blood vessel that prevents the blood flow to the heart and deprives the affected part of the 

heart muscle of oxygen. The blockage mainly constitutes of a build-up of fat deposits in the 

blood vessel, the process called atherosclerosis (5, 6).   

1.1.2 Atherosclerosis 

Atherosclerosis is an inflammatory condition were cholesterol and cholesterol-esters are 

accumulating in the blood vessel walls in medium and large arteries. Hypercholesterolemia, 

high BP or free radicals from tobacco use can damage the endothelia cells. Endothelial 

dysfunction is an initial step in the atherosclerotic process (5, 7, 8). LDL-C can promote the 

atherosclerotic process through activation of intracellular processes that lead to inflammation 

(8). Inflammation leads to the recruitment of white blood cells like monocytes, which can 

adhere to the arterial wall. The Monocytes can develop to Macrophages that can engulf 

oxidized LDL-C and develop to lipid rich foam cells, which build up in the blood vessel wall 
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(5). Vascular smooth muscle cells (VSMCs) start to migrate to the intima of the blood vessel 

wall where they proliferate and form a vascular lesion, which can develop to an 

atherosclerotic plaque. The plaques contain foam cells, extracellular matrix produced by the 

proliferating VSMCs, matrix metalloproteinases and inflammatory factors (8). The 

atherosclerotic plaques can lead to CVDs like angina, infarctions or thrombosis (7).  

Figure 1.1 The atherosclerotic process

 

 

The atherosclerotic process where LDL-C adheres to the blood vessel wall and is being 

oxidized within the intima of the blood vessel. Oxidized LDL-C particles can be engulfed by 

macrophages, which develop to lipid rich foam cell, an important step in the atherosclerotic 

process. A request is sent to the authors of “Obesity, inflammation, and atherosclerosis” 2009 

(9) asking for permission to use the illustration. 
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The characteristics of small dense LDL-C particles accelerate the atherosclerotic process by 

causing endothelial dysfunction and increasing inflammation. Because of their small size, 

small LDL-C particles penetrate the blood vessel wall easier than larger and more buoyant 

LDL-C particles. Their greater affinity for the glycoproteins of the blood vessel wall increases 

their probability of being trapped and engulfed by macrophages, forming foam cells. They 

also have greater tendency for being oxidized, which drives the inflammation process further 

(10).  

1.1.3 Lipid profile 

In an assessment for the prediction for the risk of developing CVDs the lipid profile, 

including total cholesterol (TC), LDL-C, high-density lipoprotein cholesterol (HDL-C) and 

triglycerides (TG) is important to evaluate (2, 4). Lipoproteins transport water-insoluble 

cholesterol and triglycerides in the blood (11).  TC is a measurement of all the cholesterol in 

the blood, including LDL-C and HDL-C. LDL-C is a commonly used marker for the risk of 

developing CVD (12). The LDL-C particle can differentiate in size and atherogenity. The 

small dense particles are showed to be more atherogenic than the larger ones (5). 

Apolipoprotein B (Apo B) is a protein on the atherogenic lipoprotein particles. Normally, 

more than 90 % of the plasma Apo B is associated with the LDL-C particle. The 

concentration of Apo B can be measured and it is considered as a better assessment of the risk 

for CVD than LDL-C, because it measures the number of atherogenic particles (10, 13-16). 

HDL-C has a capacity for transporting cholesterol from the peripheral tissues, including the 

arterial wall, to the liver (17). Low concentrations of HDL-C (lower than 1.0 mmol/L for men 

and 1.3 mmol/L for women) is considered as an individual risk factor for CVD and is a part of 

the Metabolic Syndrome (MetS) criteria (18). Research suggests that it is the efficacy of 

reverse cholesterol transport that is central for the beneficial effects of HDL-C (5). HDL-C 

particles are heterogeneous, and the role of each subclass of HDL-C particles remains unclear 

(14). TG is a measurement of the lipids in the blood. A level >1.7 mmol/L is associated with 

higher risk for developing CVD and is a part of MetS criteria (10, 18, 19).  

Another useful marker for assessing CVD risk is non HDL-C. Non HDL-C gives an estimate 

of the cholesterol content of atherogenic Apo B-containing lipoproteins. The calculation is 

based on TC and HDL-C. Non HDL-C can give a good measurement of atherogenic 

lipoproteins and is considered a better risk predictor than LDL-C (14-16).  
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1.2 Obesity 

There is a rise in the development of overweight and obesity in the world, and this is a large 

public health challenge. The increase is often referred to as an obesity epidemic (19). WHO 

estimates that in the European Region 30-70 % of the population have overweight and 10-30 

% have obesity (20). Atherogenic dyslipidemia is often present in subjects with obesity and 

especially abdominal obesity, and this increases the risk for developing CVD(s) (14). 

Some food patterns are associated with weight gain, like diets rich in fat and sugar, and low in 

fiber. Dietary patterns with a large intake of fast food, which often has high energy density 

and large portion sizes, are associated with an increased risk of obesity (19). 

1.2.1 BMI and abdominal obesity 

BMI is commonly used in clinical practice and research, and is a way to calculate body 

fatness based on weight and height of the patient. It is calculated by the formula “weight in 

kg/(height in meters)
2
. It was developed to estimate the risk for diseases and is often used to 

correlate the weight at population level with the risk for health problems. The different BMI 

categories are based on the effect excessive body fat has on disease and death (21, 22). BMI is 

an easy measurement to calculate, but it has some weaknesses; it does not give information 

about the body composition and fat distribution, or the muscle mass of the patient. How the 

body fat is distributed is an important risk factor for developing obesity related disease and 

health risk (22, 23). Because precise measurements of visceral and abdominal fat are 

expensive, waist circumference is frequently used in clinical practice as an alternative 

measurement for abdominal fat mass.  It is a cheap, fast and feasible measurement. An 

increased waist circumference is an independent risk factor for CVD, Diabetes Mellitus and 

increased mortality, and it is one of the diagnosis criteria of MetS (18, 19, 22). Waist 

circumference measurements can be challenging to perform and can be methodologically 

difficult as it varies which anatomical site that is being used. Adiposity in women can increase 

the variability in the measurement. This variety does not seem to affect risk prediction for the 

waist circumference measurement (23). There is also variability in the measurements of hip 

circumference, but this measurement is less technical challenging and has less variability with 

increased obesity in women than waist circumference. Hip circumference is uncertain to use 

alone as a risk factor for health predictions. It is more common to use hip circumference to 
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calculate the hip-waist ratio that is a useful predictor for health risk, like the risk for 

developing CVD (23).  

Table 1.1 WHO classification of BMI categories (21): 

BMI Nutritional status 

<18.5 kg/m
2 Underweight 

18.5-24.9 kg/m
2
 Normal-weight 

25.0-29.9 kg/m
2
 Pre-obesity (overweight) 

30.0-34.9 kg/m
2
 Obesity, class I 

35.0-39.9 kg/m
2
 Obesity class II 

>40 kg/m
2
 Obesity class III 

1.2.2 Metabolic syndrome 

Metabolic Syndrome (MetS) is a cluster of risk factors associated with increased risk of 

developing type 2 diabetes and CVDs (19). The MetS is a cluster of atherothrombotic 

abnormalities, and the risk for developing CVDs or type 2 diabetes increases when several of 

the risk factors occur at the same time. These atherothrombotic abnormalities are often 

present concurrent with abdominal obesity (14). The MetS has several definitions, and by the 

National Cholesterol Education Program Adult Treatment Panel III 2001 definition it is 

constituted of three or more of the following criteria (18): 

 Central obesity: Waist circumference > 102 cm for males and > 88 cm for females. 

 Triglycerides > 1.7 mmol/L 

 HDL-C < 1.0 mmol/L for males and < 1.3 for females 

 Blood pressure > 130/85 mmol/L or using blood pressure medication 

 Fasting plasma glucose > 6.1 mmol/L 
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1.3 Healthy diets 

The lipid profile can be influenced by lifestyle changes like eating a healthy diet, exercise and 

weight loss (16, 24). Studies have shown that if you replace saturated fatty acids (SFA) with 

unsaturated fatty acids (FA) it will improve the lipid profile by having a lowering effect on 

the TC and the LDL-C. It will also improve the LDL-C:HDL-C ratio and reduce the risk for 

CVD (24-31). The Norwegian nutrition guidelines recommends reducing the intake of SFA to 

less than 10 % of the total energy intake (E%) to prevent development of CVD. They 

recommend to reduce the intake of SFA from full-fat dairy products, hard margarine, butter, 

processed- and red meat (24). The effect of the dietary changes is partial through the different 

effects of the dietary fatty acids on the regulation of LDL-receptors expression and activity on 

the cells (3, 31). Dietary changes that can reduce the TG concentration are an increased intake 

of n-3 FA, reduced intake of sugar and avoiding excessive intakes of alcohol (16, 32, 33). A 

weight reduction of 5-10 % can have a beneficial effect on the lipid profile for subjects with 

obesity (16). 

1.3.1 Dietary fatty acids and other nutrients effects on the lipid 

profile 

There are several types of SFAs, having different LDL-C raising effects. Lauric (12:0), 

myristic (14:0) and palmitic (16:0) acids have a well-documented cholesterol rising effect, 

while stearic acid (18:0) is considered to have a neutral effect on LDL-C (31). SFA elevates 

plasma LDL-C by increasing the formation of LDL-C in the plasma and simultaneously 

decreasing the LDL-C turnover. Both increased intake of SFA and PUFA leads to an increase 

in the cholesterol synthesis, so the FA`s different effects on the LDL-C is likely through other 

mechanism than the production of cholesterol. PUFA increases the LDL-receptor number on 

the hepatocytes and the LDL-C turnover (31). It seems like PUFAs have a better effect as a 

substitute for SFAs than MUFAs or carbohydrates, with a greater effect on the reduction of 

LDL and CVD (28, 34).  

The different contents of the individual SFAs and unsaturated FAs in food have different 

cardiovascular effects. However, the effect of specific types of food on CVD cannot be 

predicted exclusively by their content of FAs (28, 34). Food consists of more than just FAs, 

and the other nutrients can affect the food effects on the lipid profile and the risk for 

developing CVD (34). This seems to be especially relevant for dairy products and nuts. 
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Studies have shown that different types of dairy products, which can have a high content of 

SFA, have different effects on the lipid profile (35-39). Nuts on the other hand are a good 

source for MUFA and PUFA, and contain numbers of other additional nutrients that can have 

cardio protective effects and have showed lipid-lowering effects (40-42). 

Research has shown that plant sterols, β-glucans and red yeast rice can have a cholesterol 

lowering effect. A study with a plant sterol containing soft margarine showed a cholesterol 

lowering effect with a dose of 25 grams margarine for four weeks (43). Β-glucan is a type of 

soluble dietary fiber from oat products, which can have a cholesterol lowering effects at 

dosages ≥ 3 grams oat β-glucan per day (44). Red yeast rice has shown to have a TC and 

LDL-C lowering effect (45), but long-term controlled studies are needed to investigate the 

safety of the use of red yeast rice in patients with dyslipidemia. 

1.3.2 Norwegian dietary recommendations 

WHOs dietary recommendations for prevention of CVDs include eating fruit and vegetables, 

fish, whole grain products, lean meats and pulses and restrict the intake of salt, fat and sugar 

(2). This recommendation has many common features with the Mediterranean diet, which 

have shown to have a cardio-protective effect. Central in the Mediterranean diet are olive oil, 

nuts and other sources for unsaturated fat (29).  The Norwegian dietary recommendations are 

in line with WHOs cardio protective advice and share many features with the Mediterranean 

diet. The Norwegian dietary recommendations are appropriate to follow for children, adults 

and elderly, and for people with increased risk for sickness, like people with overweight or 

high BP (46). The Norwegian dietary recommendations constitute off 12 advices on diet and 

physical activity and are summarized in Table 1.2. New Norwegian guidelines for the 

prevention of CVDs were published in august 2017 and consolidate the already existing 

nutritional guidelines. The new guidelines focus on substituting SFA with PUFA, reduce the 

intake of refined carbohydrates and sugar and increase the intake of wholegrain products, 

vegetables and fruit (47). There are also published Norwegian nutrients recommendations, 

and they are listed in Table 1.3. To investigate the dietary intake in the Norwegian population, 

The University of Oslo carried out the NORKOST 3 investigation in collaboration with 

“Mattilsynet” and “Helsedirektoratet” in 2010-11. The result of the NORKOST 3 nutrition 

investigation was that for the participants with an average BMI of 25.5 kg/m
2
 the intake of 
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SFAs were above the recommendations. Intake of carbohydrates was below the recommended 

value, while for the other macro nutrients the recommendations were followed (48).  

Table 1.2 The Norwegian dietary recommendations, freely translated to English from the 

“Helsedirektoratets” webpage (46). 

1. Have a diet with variability and a lot of vegetables, fruit and berries, wholegrain 

products and fish, and limited amounts of processed meat, red meat, salt and sugar. 

2. Maintain a good balance between the amount of energy you ingest through food and 

beverages, and how much you use through physical activity. 

3. Eat at least five portions of vegetables, fruit and berries each day. 

4. Eat wholegrain products each day. 

5. Eat fish for dinner two to three times each week. Use fish as spreads as well. 

6. Choose lean meat and lean meat products. Limit the amount of processed meat and 

red meat. 

7. Use fat-reduced dairy products as a part of the usual diet. 

8. Choose cooking oil, liquid margarine and soft margarine at the expense of hard 

margarine and butter. 

9. Choose food with a low salt content, and limit the use of salt in cooking and as an 

additive on the food.  

10. Avoid food and beverages with a high content of sugar for everyday use. 

11. Choose water as a beverage for thirst. 

12. Be physical active for at least 30 minutes each day.  

 

Table 1.3 The Norwegian nutrient recommendations (24). 

Total fat intake between 25-40 E%, of which 

 SFA <10 E% 

 MUFA 10-20 E% 

 PUFA 5-10 E% (n-3 FA 1 E% ) 

Protein  from 10 to 20 E% 

Carbohydrates from 45-60 E%, of which 

 Added sugar <10 E% 

 Dietary fiber at least 25-35 grams each day 
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1.3.3 Dietary studies and CVD 

In experimental studies like Oslo Diet and Antismoking Study and Finnish mental hospital 

study, it has been observed that replacing SFA with PUFA reduces the CVD incident (49, 50). 

In a follow-up study of the Oslo Diet and Antismoking Study, a prolonged benefit of the 

intervention was found several years after the end of the study (51). In the PREDIMED study, 

they found that eating a Mediterranean diet, which is rich in unsaturated FA, reduced the 

incidence of major cardiovascular events with 30 % in subjects with increased cardiovascular 

risk (52). The systematic review and meta-analysis of randomized controlled trials (RCTs) by 

Mozaffarian et al. (53) and the review of Kromhout et al. (29) consolidate the evidences for 

replacing SFA with unsaturated FAs reduces the risk for CVD in subjects with normal-

weight, and we have never had as solid documentation for this as we have today (25-29, 49-

51, 53).  

However, there is some uncertainty around how the intake of dietary SFA affects the risk of 

developing CVD (54, 55). The meta-analysis of epidemiologic studies by Siri-Tarino et al 

(55) published in 2010 did not find an association between the intake of SFA and increased 

risk of CVD, and this has got a lot of attention. Meta-analysis constitutes of studies that can 

have large differences in the study design, the dietary interventions and the participant 

characteristics. When combining studies with large methodological differences and quality in 

the designs, the variability in the findings can reduce the statistical power. This can make it 

more difficult to find the real effects (56). In an article published later in 2010 Siri-Tarino et 

al. writes that the lack of association between SFA and CVD observed in several 

epidemiologic studies can be explained by the negative effect of replacing SFA with 

carbohydrates, in particular refined carbohydrates and added sugar (30). Other factors than 

which nutrient SFA is replaced with may also determine which effect the changes in diet will 

have on the lipid profile. Factors like age, gender, baseline cholesterol levels, types of food 

and body weight may have an influence of the effects of decreasing the intake of SFA (25, 34, 

36, 37, 39, 57), and lately especially BMI as a measurement of body weight has got much 

attention as an important factor.  
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1.3.4 Dietary interventions studies with subjects with obesity 

The obtained changes in the lipid profile and risk reduction for CVD when substituting SFA 

with PUFA (26, 49, 50), seems to be impaired in people with obesity (BMI > 30 kg/m
2
) and 

individuals with Mets (25, 27, 58-60). Mukuddem et al completed a study with subjects with 

an average BMI of 35 kg/m
2
.
 
They obtained no changes in the lipid profile between an 

intervention diet with nuts compared to a control diet with no nuts (58). In another study 

called the SYSDIET study, the participants with an average BMI > 30 kg/m
2
 reduced their 

intake of SFA in a “Healthy diet” group compared to a “Control” group (27). They observed 

non-significant changes in the LDL- C, TC, HDL-C, Apo B and TG during the 18-24 weeks 

long study (27).  

There seems to be an inverse connection between high BMI categories and the response in the 

lipid profile after interventions that changes the content of SFA, cholesterol and PUFA in the 

diet (25, 27, 58-60). There are hypothesis that the greater the BMI category the more blunted 

effects in the lipid profile seems to be. The suggested inverse connection between BMI and 

the response in lipids in the blood may be due to factors like genetics, insulin resistance, a 

greater rate of hepatic cholesterol synthesis and increased inflammation in subjects with 

obesity. Hormones (growth hormone, thyroid hormone, and cortisol) and gut microbiota are 

also suggested mechanism that may influence the changed lipid response in subjects with 

obesity to dietary interventions (25). It seems like the LDL-receptor (LDL-R) mediated 

uptake of LDL-C from the blood is reduced in people with obesity and that it is not positively 

affected in the same way as in subjects normal-weight when substituting SFA with PUFA 

(25). People with obesity often have a greater endogenous FA flux in the blood due to release 

of FA from the adipose tissue. This may lead to an increased FA exposure of the liver even 

when the intake of SFA in the diet is reduced (59). There are limited data available to explain 

the differences in lipid response that are observed in some studies after altering the intake of 

SFA in subjects with obesity and normal-weight.  
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2 Aims and hypothesis 

There is currently little knowledge on whether dietary changes in the intake of SFA and 

PUFA affects subjects with normal weight and subjects with obesity differently. The intention 

of the “Cholesterol Study” was to investigate the changes in TC, LDL-C, HDL-C, TG and 

Apo B between weight stable, non-statin treated subjects with normal-weight (BMI < 25 

kg/m
2
) and subjects with obesity (BMI 30-45 kg/m

2
) eating a diet enrich with either SFA or 

PUFA. 

2.1 Hypothesis 

H0: There are no differences in the response in total cholesterol, LDL-cholesterol, HDL-

cholesterol, triglycerides and Apo B when subjects with normal-weight and people with 

obesity and an elevated LDL-cholesterol eat a diet enrich with either saturated fatty acids or 

polyunsaturated fatty acids. 

 HA: There are differences in the response in total cholesterol, LDL-cholesterol, HDL-

cholesterol, triglycerides and Apo B when subjects with normal-weight and people with 

obesity and an elevated LDL-cholesterol eat a diet enrich with either saturated fatty acids or 

polyunsaturated fatty acids. 

  



12 

 

3 Method 

The “Cholesterol Study” was a paralleled design intervention study performed at Oslo 

University Hospital, Norway. Because of the nature of the study, it was an open intervention, 

and neither the participants nor the nutritionists were blinded. The nutritionists involved with 

the study were two students completing their master degree in clinical nutrition in the 

University of Oslo (hereafter termed nutritionists). They were supervised by two experienced 

nutritionists and by doctors who work at the Section for Preventive Cardiology at Oslo 

University Hospital where the study took place. Participants for the study population for this 

thesis were enrolled in the study from January 2017 to May 2017. The data collection period 

was divided in two, one period from the end of January to the middle of April 2017, and the 

second from the end of April to the beginning of July 2017. The “Cholesterol Study” is still 

ongoing due to an inability to recruit enough participants in the first enrollment period, and it 

is planned to end in December 2017. 

3.1 Study population 

Men and women in the age from 21 to 70 years were recruited to participate in the 

“Cholesterol Study”. They were recruited through advertisements in the newspaper, through 

Oslo University Hospital Norway`s official webpage and Facebook page, with posters and 

from previous clinical trials in the Section for Preventive Cardiology. People that were 

interested in participation contacted the study staff by e-mail or telephone. They were 

interviewed over the phone by the nutritionists using a standardized telephone interview form, 

see Attachment 1. The purpose of the telephone interview was to give information to those 

who were interested in participating in the study about what participation would entail, and to 

make sure that they met the inclusion criteria and did not have any of the exclusion criteria. 

An appointment for a screening visit was made with eligible participants. 

3.1.1 Inclusion criteria 

The inclusion criteria were that the subjects had to have elevated LDL-C (>3.0 mmol/L) and 

be either normal-weight (BMI <25 kg/m
2
) or have obesity (BMI 30-45 kg/m

2
). They had to be 

able to meet at the Section for Preventive Cardiology at Oslo University Hospital five times 

during eight weeks, be willing to take fasting blood samples and measure BP four times, to 
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keep a food diary and to be willing eat either of the two intervention diets. They had to have 

been weight stable for the last three months, defined as no greater variation than plus or minus 

five kg.  

3.1.2 Exclusion criteria 

The exclusion criteria included having Type 1 or Type 2 Diabetes, taking lipid-modifying 

medications, had a previous cardiovascular event (infarctions, stroke, Transient Ischemic 

Attack, angina pectoris, or other atherosclerotic diseases) or having a genetic lipid disorder. 

Subjects were not suitable for participating in the study if they were pregnant or were 

breastfeeding, if they abused medications or alcohol, had a severe eating disorder, 

gastrointestinal diseases or any other severe disease, had allergies or intolerances against the 

intervention food products or had a severe psychological disorder that would affect the 

individual’s ability to complete the study. 

3.2 Study design 

The study started with a screening visit (week -2). The screening visit lasted for a total of one 

to one and a half hour and included a doctor appointment, a meeting with one of the two study 

nurses and an appointment with a nutritionist. A clinical examination and a record of the 

medical history of each participant were completed and fasting blood samples, a BP 

measurement and body measurements were collected (Figure 3.1). The blood samples 

collected at the screening visit included Thyroid-Stimulating Hormone (TSH), plasma-

creatinine and alanine aminotransferase (ALAT) to make sure the participants did not have 

other medical reason for their elevated LDL-C, like a liver-, kidney- or metabolic disorder. An 

elevated value was not an exclusion criterion, but a doctor made individual evaluations 

whether the subjects were suited to participate in the study or not.  
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Figure 3.1 Timeline for the study and the measurements taken during the study period 

BP; Blood pressure 

a
: Fasting blood samples: Lipids (total-cholesterol, low-density lipoprotein cholesterol, high-

density lipoprotein cholesterol, triglyceride, Apo lipoprotein B), glucose, HbA1c, and C-

reactive protein. Only small amounts of water were allowed, in addition to the subject’s 

normal medication if they were taking any.  

b
: Thyroid-Stimulating Hormone (TSH), plasma-creatinine and alanine aminotransferase 

(ALAT) were measured. 

c
: TSH, plasma-creatinine and ALAT were measured again in the individuals that had 

elevated values at the screening visit. 

d
: Hip circumference, waist circumference, weight 

e
: The food registration form were handed out and explained 

 

At the screening visit, the participants were encouraged to maintain a stable weight during the 

whole study period. The nutritionist evaluated the participants` weight development at each 

visit and gave individual advice to each participant to maintain a stable weight. They were 

also instructed to keep their physical activity level stable and to report any changes in 

physical activity or medication use. At each visit after the randomization visit, it was 

registered if they experienced any unwanted events or side effects of the food intervention. 

Smoking status was recorded at the beginning and the end of the study. The participants were 

instructed to maintain their usual alcohol intake. The screening visit was followed by a two 

weeks run in period. In the run in period, the participants ate their usual diets and completed a 

seven days weighed food registration to provide a dietary baseline. The randomization visit 
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lasted for approximately one hour and visit 3, 4, and 5 for 30 minutes to one hour.  All the 

visits included a meeting with a study nurse for the blood sample collection and BP- and 

pulse-measurement, except from visit 3 where no blood samples were drawn and the 

nutritionist measured the BP and pulse.  

Portions of butter or margarine were handed out at the randomization visit, visit 3 and 4. Visit 

5 (week 6) was the last visit and marked the end of the study period. The participants were 

offered to have the blood sample results from the screening visit, randomization visit and visit 

4 reviewed with the nutritionist at visit 5. More dietary advice was given and a follow up 

appointment with the nutritionist and/or a doctor was scheduled if the participants wanted it. 

The participants who did not want a follow up appointment with the nutritionist or the doctor 

were advised to follow up their cholesterol levels with their general practitioner. It was the 

same nutritionist who met the participants at every visit, unless sickness or other unforeseen 

events made that impossible. 

3.3 Randomization 

A blind randomization was performed based on BMI category and on the strata gender 

(male/female). A computer generated block randomization list provided by an independent 

statistician was used for the randomization. A person independent from the study divided the 

randomization list and put one randomization number in separate envelopes. The envelopes 

were divided in four groups based on gender and BMI category:  

• Females with BMI < 25 kg/m
2 

• Females with BMI 30-45 kg/m
2 

• Males with BMI < 25 kg/m
2 

• Males with BMI 30-45 kg/m
2 

 

The envelope with the randomization number and intervention group was kept in each 

participant Case Report Form (CRF). 
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3.4 Primary outcome 

The primary outcome was to compare the change in the lipid profile (TC, LDL-C, HDL-C, 

TG and Apo B) from baseline to week 6 between normal-weight and the participants with 

obesity in the SFA diet group and in the PUFA diet group.  

The fasting blood samples were taken at the screening visit, the randomization visit, visit 4 

and 5 by two experienced study nurses. The participants had fasted for at least 10 hours and 

the blood samples were taken between 07.30 and 12.00 in the morning. The blood samples 

were taken from a vein in the arm. After the blood samples were collected, the samples rested 

for 30 minutes before they were centrifuged in a cooling centrifuge for 15 minutes with 200 x 

g (Hettich universal 32R, yearly quality controlled and given calibration certification). After 

centrifugation the samples were sent to the lab for analysis. TC, LDL-C, HDL-C, TG and Apo 

B were measured with methods from Roche Diagnostic. The uncertainty levels in the analysis 

of the blood samples are reported with variation coefficients in percentages: TC 2.5 %, LDL-

C 3.5 %, HDL-C 4 %, TG 4 % and Apo B 4 % (61). 

3.5 Secondary outcomes 

Because changes in body weight can affect the lipid profile, we wanted to investigate if the 

participants were weight stable during the study period. Since changes in the intake of SFA 

and PUFA were the dietary interventions, analyzing the nutrition differences were central to 

see if we reached our goals for the dietary intervention. The secondary outcomes were 

changes in the diet, body weight, waist circumference and hip circumference from baseline to 

week 6 between normal-weight participants and those with obesity in the SFA diet group and 

the normal-weight and participants with obesity in the PUFA diet group.  

Two seven days food registrations were used to calculate the energy- and nutrient intake, the 

qualitative mean changes in the nutrition intake from baseline to the end of the study within 

the groups and to compare between group differences. Body weight was measured without 

heavy clothes and shoes, on a “Seca Unitronic” scale (seca gmbh & co. kg, 22089 Hamburg, 

Germany, last calibrated 24.06.2016). A doctor measured the subject’s height at the screening 

visit with a stadiometer attached to the wall for the BMI calculation. BMI was calculated by 

the formula: weight (kg)/height (meters)
 2 

(21). Standardized procedures were developed for 

the waist and hip circumference measurements. The same nutritionist measured waist and hip 
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circumference at each visit, unless sickness or other unforeseen events occurred, which 

happened less than five times. To make sure that both the nutritionist used the same method 

for measuring waist and hip circumference, a training session was conducted before the start 

of the study. The waist circumference was measured at the midpoint between the lowest rib 

and the top of the hipbone. For those individuals where this point was hard to find it was 

measured at the widest point close to the umbilicus. The measurement tape was horizontal 

and untwisted against the subject’s skin, tight but without putting any pressure on the 

abdomen. The subjects were standing, relaxed and were instructed to breathe out when the 

measurement were taken. The hip circumference was measured at the widest part below the 

hip bone and over the buttocks with a horizontal and untwisted measurement tape against the 

subject’s skin. The subjects were standing, relaxed and were instructed to breathe out when 

the measurement was taken. 

3.6 Post Hoc 

One additional cardiometabolic risk factor, Non HDL-C, was calculated from the TC and 

HDL-C measured in the blood. The equation used for the calculations was (62): 

 Non HDL-C = TC – HDL-C 

3.7 Study interventions 

The two intervention diets were based on the Norwegian nutrition recommendations; with the 

exception that one of the group should eat full-fat products and have a high SFA intake, and 

the other group should eat low-fat products and have a high PUFA intake. The aim for the two 

diet groups was to have the same intake in energy percentage (E%) from carbohydrates, fiber, 

protein and fat, but with a difference in the E% intake from SFA, MUFA and PUFA, see 

Table 3.1. Both groups were advised to reduce the intake of sugar, sodas with sugar, sweet 

snacks, refined carbohydrate and processed meat, see Table 3.2. They were advised to eat 

whole grain products, fish and lots of fruit, berries and vegetables.  
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Table 3.1 The planned differences in E% intake from SFA, MUFA and PUFA aimed for 

between the two diet groups. 

Dietary nutrient Planned difference in E%  

SFA ≥ 9 E%, highest intake in the SFA diet group 

compared to the PUFA diet group 

MUFA ≥ 5 E%, highest intake in the PUFA diet 

group compared to the SFA diet group 

PUFA ≥ 4 E%, highest intake in the PUFA diet 

group compared to the SFA diet group 

E%, energy intake in percentage; SFA, Saturated fatty acids; MUFA, Monounsaturated fatty 

acids; PUFA, Polyunsaturated fatty acids 

 

Table 3.2 The recommended food items in the two diet groups. 

SFA diet group PUFA diet group 

Choose the minimum portion of 24 gram 

butter each day (“Tine Meierismør”) 

Choose the minimum portion of 25 gram 

margarine each day (“Vita Hjertego´ 

margarine”) 

Choose butter as spread, for baking, frying 

and other types of cooking 

Choose margarine as spread  and margarine 

or rapeseed oil for baking, frying and other 

types of cooking 

Choose sour cream based dressings Choose oil based dressings 

Choose full fat dairy products (milk, cheese, 

sour cream, yoghurt) 

Choose fat reduced fat dairy products (milk, 

cheese, sour cream, yoghurt) 

Increase the intake of fruit, berries and 

vegetables, at least 5 portions per day 

Increase the intake of fruit, berries and 

vegetables, at least 5 portions per day 

Choose wholegrain products (bread, crisp 

bread, cereals, pasta, and rice) instead of 

refined carbohydrates (regular pasta, white 

rice, sweet cereals, buns etc.) 

Choose wholegrain products (bread, crisp 

bread, cereals, pasta, and rice) instead of 

refined carbohydrates (regular pasta, white 

rice, sweet cereals, buns etc.) 

Choose fish and fish products Choose fish and fish products  

Choose red meat and poultry with fat and 

avoid processed meat products (bacon, fast 

food, sausages, hamburgers, fries, etc.) 

Choose read meat and poultry with the fat 

trimmed of and avoid processed meat 

products (bacon, fast food, sausages, 

hamburgers, fries etc.) 

Limit the intake of sugar rich food (soda, 

snacks, cakes, chocolate, candy, ice-cream 

etc.) to maximum 1-2 portions per week 

Limit the intake of sugar rich food (soda, 

snacks, cakes, chocolate, candy, ice-cream 

etc.) to maximum 1-2 portions per week 

Limit the intake of margarine, unsalted nuts 

(almonds, hazelnut, walnut), peanut butter, 

avocado, olive oil, rapeseed oil, mayonnaise 

and mayonnaise based products, seeds, 

olives, pesto etc. 

Choose margarine, unsalted nuts (almonds, 

hazelnut, walnut), peanut butter, avocado, 

olive oil, rapeseed oil, mayonnaise and 

mayonnaise based products, seeds, olives, 

pesto etc.  

Snack list for both groups: Fruit salad, berries, smoothies, vegetables with sour cream dip 
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3.7.1 Minimum portions of butter or margarine 

Butter or margarine was handed out to the participants, enough to supply them with a 

minimum intake of 24 grams butter or 25 grams margarine each day until the next visit. 24 

grams butter equals two small sachets of “Tine Meierismør” (12 grams in one sachet) and 25 

grams margarine equals two and a half sachets of “Vita Hjertego´” (10 grams in one sachet). 

The butter and margarine was sponsored by “Tine” and “Mills” and were handed out to the 

participants free of charge. The minimum portion of butter was handed out to secure the 

intake of SFA in the SFA diet group each day. To the PUFA diet group, margarine was 

handed out to ensure an intake of MUFA and PUFA, see Table 3.3 for the nutrient 

composition for the butter and margarine that was handed out. The SFA E% in 24 grams 

butter and 25 grams margarine is 64.2 E% and 19.9 E%, which gives a 44.3 E% difference 

from SFA in the two diet groups. The minimum portions functioned as a measurement of 

compliance to the diets, and as a daily reminder to the participants about the food 

intervention. In the Norwegian diet, there is a tradition for bread meals (48), so the butter or 

margarine could be used as spread on bread and crisp bread. For those participants who ate 

little or no bread, advice was given to use it in porridges, melt it over potatoes, wholegrain 

pasta or rice, vegetables or put it in their portions of sauce etc. The participants were 

instructed to make sure no other people in their household ate from their minimum portions 

and preferably put the butter or margarine in a separate box in the fridge. If the participants 

were unable to finish all the minimum portions, they were instructed to bring the remaining 

portions to the next visit so the amount could be registered. If the participants forgot to bring 

any leftovers to the visit, they sent an email to tell about the amount that was not eaten or they 

told the amount over the telephone. If the participants had missed one visit and had emptied 

all the sachets handed out at earlier visits, they were instructed to weigh butter or margarine to 

make sure they had eaten the minimum amount each day. 

No calories recommendations were calculated because the participants were free-living 

subjects with ad libitum food consumption. The participants in both diet groups were advised 

to reduce their calorie intake from sugar rich food and processed minced meat, and this should 

be replaced with calories from an increased fat intake from SFAs or PUFAs accordant to their 

diet group. 
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Table 3.3 Nutrient composition of 100 grams of butter and margarine 

 Butter (“Tine Meierismør”) Margarine (Vita Hjertego´)  

Kilojoule/calories 3051/742 2598/632 

Total fat g 82 70 

SFA g 53 14 

Trans fat g 2 0 

MUFA g 19 27 

PUFA g 2 25 

n-3 FA g 0.4 2.6 

n-6 FA g 1.4 21 

Cholesterol mg 231 0 

Carbohydrates g 0.5 0.3 

Added sugar 0 0 

Fiber 0 0 

Protein g 0.5 0.2 

Salt g 1.3 0.8 

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty 

acids; FA, fatty acids. 

Nutrition information from “Kostholdsplanleggeren”: 

https://www.kostholdsplanleggeren.no/comparefoods/?profileId=53&slot0Id=08.005&slot1Id

=08.228 (1.8.2017) 

3.8 Seven days weighed food registration/diary 

A weighed food registration was completed for seven days at baseline; between the screening 

visit and randomization visit (period 1), and in the end of the study between visit 4 and visit 5 

(period 2). If the participants for any reason had registered fewer than seven days, the number 

of days registered were used for the analysis. If they had registered more than seven days, the 

first seven days that were registered were used for the analysis. The participants could use 

their own scale or borrow one from the Section for Preventive Cardiology. They were 

instructed to eat as usual in period 1, but to weigh what they ate and drank and register it in 

the standardized food diary handed out at the screening visit. If they did not have the 

opportunity to weigh the food, they were instructed to estimate the amount as accurate as 

possible in household measures (i.e deciliters, pieces, tablespoons, teaspoons etc.). They were 

instructed to be accurate when they reported what type of food or drink they had consumed 

(brand, fat percentages etc.), how it was prepared (boiled, fried etc.) and the amount and type 

of fat used for cooking, as spread or as dressings. A new registration form was handed out at 
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visit 4 and they were instructed to write down what they ate and drank in period 2 to give 

information about their changes in the diet after randomization to one of the two diets.  

 The seven days food registrations were plotted in an online program called 

“Kostholdsplanleggeren”, a tool for analyzing food intake developed by “Helsedirektoratet” 

and “Mattilsynet” which is public available (63). The nutrition information in this program is 

based on the Norwegian food composition table  “Matvaretabellen” (64) and 

“Kostholdsplanleggeren” is updated from “Matvaretabellen” once a year. If the amount of 

food registered was not given in grams, but in “pieces”, “tablespoons”, “teaspoons”, 

“portions”, “slices” etc., the standard amounts in “Kostholdsplanleggeren” were used. The 

diaries were thoroughly reviewed by the nutritionist and the participant in collaboration, the 

diary from period 1 at the randomization visit and the diary from period 2 at visit 5. If any 

lack of details were detected when the diaries were plotted in “Kostholdsplanleggeren”, the 

nutritionist asked the participants about those details at later visits, by email or over the 

phone. Water, tea and other drinks without energy content were not registered in the food 

diaries. The coffee intake was plotted as either filtrated-coffee or instant coffee due to lack of 

other coffee types (capsule coffee, cafetière, coffee from espresso machines) in the 

“Kostholdsplanleggeren” database.   

About 15 to 30 minutes were used to review each diary at the randomization visit and at visit 

5. Between one to three hours were used to plot each diary in “Kostholdsplanleggeren”. An 

addition of 15 to 30 minutes was later used to revise the plotted data in 

“Kostholdsplanleggeren”. If a registered food item in a diary was not a part of the 

“Kostholdsplanleggeren” database, the nutritionist entered information of the nutrition content 

of the food item in the database. If the nutrition content was not available, a similar food item 

from the database was chosen.  If a participant had registered a recipe in the food diary for a 

dish, the recipe was entered in the database and the amount of that dish eaten was registered. 

For the analysis of the food intake, 138 food diaries were plotted in “Kostholdsplanleggeren”: 

71 for period 1 and 67 for period 2. Four participants dropped out of the study and did for that 

reason not register their food intake in period 2. A total of 389 new food items were entered in 

the “Kostholdsplanleggeren” database, and a total of 246 food recipes were registered.  
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3.9 Assessment of underreporting 

An EI/REE (energy intake/resting energy expenditure) ratio was calculated to produce a PAL 

(physical activity level) value to investigate the occurrence of underreporting of the food 

intake. The EI/RMR ratio was calculated by dividing the registered energy intake (in calories) 

on the REE. Mifflin’s formula was used to calculate the REE for both subjects with normal-

weight and the subjects with obesity at baseline and visit 5. Mifflin’s formula was used to 

calculate the REE for all the participants because it is the formula that is recommended to use 

in people with BMI > 30 kg/m
2 

(65). Estimating TEE (total energy expenditure) with the 

factorial approach (TEE= BMR x PAL) (66) is calculated with BMR instead of REE.  In both 

international (65) and Norwegian (67) literature, it is normal to use REE for the TEE 

calculation instead of BMR because of the difficulties of estimating the basal values. The 

Mifflin equation used for the calculation was (68): 

REE (kcal) = 9.99 x weight + 6.25 x height (cm) – 4.92 x age + 166 x gender – 161  

(gender: Male =1, female = 0)  

3.10  Dietary counselling 

At the randomization visit, the participants were informed about which diet group they were 

randomized to, either the SFA or PUFA diet group. Each participant was given individual 

advice on how to eat according to their assigned diet group based on their normal food 

preferences. The individual advice was based on the seven days food registration and the 

participants were asked how they wanted to implement the different fat sources in their diet. 

A presentation about cholesterol and food was discussed with the participants, see Attachment 

2 and 3, and they were educated in sources of different types of FA. Margarine, unsalted nuts, 

avocado, olive oil and rapeseed oil etc. replaced the reduced amounts of calories in the fat 

reduced food items and increased the intake of MUFA and PUFA in the PUFA diet groups. 

They were given a list with food items they were advised to choose, and the list could be used 

as a shopping list, see Attachment 4 and 5. The participants were educated in how to read 

food labels to get information about the content and nutrition composition in the food items to 

make food choices according to their diet group. The dietary counselling was individualized 

to each participant’s personal preferences, existing habits and needs, but some topics were 

discussed in a less or greater extent in both diet groups. Emphasized topics were:  
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1. Increase the intake of fruit, berries and vegetables, aiming for at least five portions each 

day.  

2. Choose wholegrain bread, crisp bread, pasta and rice which contain more fiber, 

micronutrients and phytochemicals than white bread, crisp bread, pasta and rice. 

3. Reduce the intake of processed minced meat, sausage-products and bacon for the advantage 

of unprocessed meat, poultry and fish products for dinner and as sandwich filling. 

4. Reduce the intake of sugar-rich food, cakes, beverages and snacks to reduce the intake of 

sugar, calories and fat from these types of food items and choose fruit, berries and vegetables 

as snacks instead to increase the intake of fiber, vitamins and antioxidants. 

 

Wholegrain bread was emphasized as a good source of dietary fiber. The participants in both 

diet groups were explained a bread scale (Figure 3.2), the visual tool “Brødskala`n”. 

“Brødskala`n” is a volunteer labeling system used in Norway. The scale is divided in four 

categories (white bread, semi-dark bread, dark bread and whole grain) based on the breads 

content of whole grain, wholemeal and bran. The participants were encouraged to choose 

bread with a “full circle” in the “Brødskala`n”. These types of breads are in the “whole grain” 

category, which has a whole grain content of 75-100 %.  

Figure 3.2 “Brødskala`n” (The Bread Scale) 

 

Published with permission from “opplysningskontoret for brød og korn”.  

http://www.matportalen.no/merking/tema/merking_av_mat/bruk_brodskalan (1.08.2017) 
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Coffee intake and brewing method was not discussed with the participants by the nutritionist 

during the study. It was discussed after the end of the study if the participants reported a high 

intake of coffee made with an unfavorable brewing method and they still had cholesterol 

levels above the recommendations. 

The subjects could not take any lipid lowering food supplements like plant sterols (i.e Vita 

Proaktiv margarine), β-glucan products (i.e Betaglucare oat hearts) or red yeast rice during the 

study period. The subjects were requested to terminate any use of such kind of supplements 

during the telephone interview, and this instruction was repeated and affirmed at the screening 

visit. Fish oil or vegetable oil supplements were allowed. 

3.11  Compliance measurements 

Compliance to the diets was investigated with the seven day weighted food registration, with 

dietary questionnaires and by calculating the percentage intake of the minimum portions of 

butter and margarine. The dietary questionnaire was handed out at visit 3, 4 and 5, see 

Attachment 6 and 7. The dietary questionnaire where check lists were the participants could 

check off “true” or “untrue” for different statements, which described their diet for the last 

two weeks. The dietary questionnaire focused on the participants` food choices. The same 

type of dietary questionnaire was given to both groups, with different fat sources and fat 

quality being the only difference. They could score a maximum of nine points, which 

reflected a good compliance to the diet. Intake of the minimum portions of butter or 

margarine was recorded at visit 3, 4 and 5, and a percentage was calculated and registered. A 

score of 100 % meant that all the minimum portions were eaten and that the participants had 

good compliance. Less than 100 %, but more than 50 % was partial compliance and less than 

50 % meant poor compliance to the intake of minimum portions of butter or margarine. The 

intake of the minimum portions of butter or margarine was recorded in the same manner in 

both groups. 

For three of the four drop outs, no compliance measurements were registered because they 

dropped out right after the randomization visit. For the one subject that dropped out after visit 

3, compliance measurements were registered at visit 3. 
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3.12  Sample size and statistical analyses 

IBM Statistical Package for the Social Science (SPSS) version 23 was used for all the 

statistical tests presented in this thesis. 

3.12.1 Power calculation 

The sample size was calculated based on the change in LDL-C after eating a diet with nine 

E% difference in the intake of SFA for the subjects with normal-weight in the SFA diet group 

and the normal-weight PUFA diet group. With nine E% difference in SFA intake the expected 

difference in LDL-C was 0.4-0.5 mmol/L in the normal-weight sample (57) and this is also in 

line with a previous study perform by the Section for Preventive Cardiology at Oslo 

University Hospital (69). For the sample with the subjects with obesity, the expected 

difference in LDL-C was estimated as <0.1 mmol/L based on previous data (27). With the 

estimated between group difference of 0.4 mmol/L and a standard deviation (SD) of the 

difference of 0.65 mmol/L, 37 subjects were required for each groups with β of 0.8 and alpha 

set at 0.05 (Sample power version 3). A total of 42 normal-weight subjects and 42 subjects 

with obesity were planned to be included in the study to make up for dropouts. 

3.12.2 Examination of data 

The data was proofread by checking 10 % of the observations and it was checked for outliers. 

All continuous variables were checked for normality in SPSS by looking at the histogram, the 

Q-Q plot and the Kolmogrov-Smirnov test and Shapiro-Wilk test. The descriptive data for 

continuous variables are presented with means and SD for the normal distributed variables 

and were analyzed with parametric tests (Paired-Samples T Test and Independent-Sample T 

Test). The not normal distributed continuous variables are presented with median and 25-75th 

percentiles. They were analyzed with non-parametric tests (Wilcoxon`s Signed Rank Test and 

Mann-Whitney U Test). The categorical data are presented as numbers and percentages and 

are analyzed with Fisher`s Exact Test. Linear regression analysis were used to analyze the 

primary outcomes. Dummy variables were created to analyze the effect of diet group and the 

interaction between BMI and diet group in the linear regression analysis. A linear regression 

analyze preformed with the values for the last visit as the independent variable, adjusted for 

the baseline values,  did not give very different results than using the difference in the 

variables from baseline to six weeks as the independent variable (data not shown).  



26 

 

3.12.3 Missing data 

The statistical analysis followed the “intention-to-treat” and “per protocol” (last value carried 

forward) principles, which means that the data for all the randomized participants was 

analyzed. If a participant dropped out, the last registered data from the visits before the 

participant left the study were registered for the remaining scheduled visits. If any values for a 

variable were missing or the participants had been unable to meet at one visit, the last 

registered value for the variable was used. 

3.13  Ethical aspects 

The participants in the “Cholesterol Study” were over 18 years old, and thereby legally 

capable and they volunteered to participate in the study. The participants and their doctor at 

the screening visit signed a written consent form, see Attachment 8. They were informed that 

they could withdraw from the study at any time during the study period without giving any 

reasons or without any consequences. The participants were given verbal information about 

the study from a nutritionist during the telephone interview, they were sent written 

information in the mail after the telephone interview and were given verbal and written 

information again at the screening visit by a doctor and a nutritionist. The participants were 

given a medical examination by a doctor at the screening visit, and were followed up during 

and after the study. All the participants were offered a consultation with the doctor and a 

nutritionist after the end of the study. If they wanted, the participants with obesity were given 

counselling about weight reduction and those with BMI >34.9 kg/m
2
 were offered to 

participate in a weight reduction group at the Section for Preventive Cardiology at Oslo 

University Hospital.  

The study protocol for this project was approved by the National Committees for Research 

Ethics in Norway (2014/1786 REK sør-øst D) and registered in Clinicaltrials.gov 16.06.2015 

(registration number NCT02589769). The principles of the Helsinki Declaration were 

followed (70).  The personal data were treated with confidentiality and were locked up, and 

the study staff was under professional secrecy. The hospital`s guidelines were followed for 

storage of the data on a server in a file marked “sensitive” with restricted access.  Collected 

data were only used as described in the purpose of the study in the protocol. 
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3.14  Literature search 

A literature search in the PubMed database was performed to collect relevant literature for the 

work in this thesis. The titles were read first, and the abstract were read for those articles that 

were suitable for the focus of the master thesis. Only articles with available full text were 

included in this thesis.  

The main literature search was performed the 09.10.2017 in the PubMed database with the 

search words “cholesterol” AND “dietary saturated fatty acids”. This search resulted in 803 

articles when these filters were activated: “Clinical trial”, “review”, “full text”, “10 years” and 

“humans”. 

Additional searches in PubMed were also performed, and articles from the study protocol and 

articles recommended by the supervisors are included in this master thesis.  
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4 Results 
The results will be presented with the baseline results first, then the primary outcome. 

Secondary outcomes and the post hoc results will be presented after the main results. 

4.1 Participant characteristics 

After conducting 198 phone interviews, 83 persons were assed for eligibility. After the 

medical examination at the screening visit, 71 subjects met the inclusion criteria and had none 

of the exclusion criteria. They were randomized to either of the two diet groups. This was 13 

subjects less than calculated in the power calculation. We failed to recruit as many 

participants with obesity as planned (Figure 4.1). Four participants dropped out during the 

study, all were subjects with normal-weight in the SFA diet group. This gives a drop out score 

of 5.6 %.  

Figure 4.1 Flowchart of the participants 

 

Abbreviations: LDL-C, low density lipoprotein cholesterol; TSH, Thyroid-Stimulating Hormone; SFA, saturated 

fatty acids; PUFA, polyunsaturated fatty acids; NW, normal-weight 
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The normal-weight and the subjects with obesity were randomized in separate groups based 

on different BMI. There is a difference in anthropometric measurements, like waist 

circumference, between subjects with normal-weight and with obesity. Furthermore, obesity 

is associated with changes in the lipid profile and hypertension. For this reason, we compared 

the baseline values for subjects with normal-weight in the SFA diet group with the PUFA diet 

group and subjects with obesity in the SFA diet group with the PUFA diet group. There was 

no significant differences in the anthropometric measurements (Table 4.1) or biochemical 

values at baseline (Table 4.2). 

The baseline values for the subjects with normal-weight were compared with the subjects 

with obesity in the SFA diet group and the baseline values for normal-weight with  the 

subjects with obesity in the PUFA diet group in some chosen variables; the primary outcomes 

(the lipid profile) and for socioeconomic variables (gender, education and smoking status). 

The subjects with normal-weight in both the SFA and PUFA diet group had significant higher 

HDL-C values than the subjects with obesity in the SFA and PUFA diet group at baseline 

(Table 4.2). For HDL-C, the normal-weight females in both diet groups had significantly 

higher HDL-C than the females with obesity. There were no significant differences in the 

HDL-C between the males. The normal-weight in the SFA diet group had significantly lower 

TG than the subjects with obesity. It was no significant differences in TC, LDL-C, Apo B 

(Table 4.2) or the socioeconomic variables (Table 4.1) at baseline between normal-weight and 

the subjects with obesity in the SFA diet group and normal-weight and subjects with obesity 

in the PUFA diet group. 
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Table 4.1 Baseline characteristics of the anthropometric measurements, BP and pulse of the 

participants after randomization to the diet groups 

 (Mean values and standard deviations; numbers and percentages) 

 SFA,  

NW 

(n=23) 

SFA,  

Obese 

(n=14) 

PUFA,  

NW 

(n=20) 

PUFA, 

Obese 

(n=14) 

All subjects 

 

(n=71) 

Female (%)  16 (69.6%) 10 (71.4%) 13 (65.0%) 10 (71.4 %) 49 (69.0 %) 

Age (years)‡ 56.7 (10.8) 50.9 (8.6) 52.4 (13.4) 55.7 (8.3) 54.2 (10.8) 

Smokers 2 (8.7%) 0 (0%) 1 (5.0%) 3 (21.4%) 6 (8.5%) 

Elementary school, n (%)  1 (4.3 %) 0 (0 %) 0 (0 %) 0 (0 %) 1 (1.4 %) 

Secondary school, n (%) 2 (8.7 %) 3 (21.4%) 3 (15.0%) 5 (35.7%) 13 (18.3 %) 

University, n (%)  20 (87.0%) 11 (78.6%) 17 (85.0%) 9 (64.3%)  57 (80.3) 

Body  weight (kg) 67.3 (7.1) 102.0 (13.1) 69.4 (9.3) 93.9 (14.5) 80.0 (18.2) 

BMI (kg/m
2
) 23.2 (1.5) 34.8 (3.4) 23.6 (1.6) 33.0 (3.9) 27.6 (5.8) 

WC (cm) 85.4 (7.3) 112.3 (6.3) 84.9 (7.5) 105.9 (10.9) 94.6 (14.3) 

Females 83.9 (7.1) 110.5 (6.5) 82.7 (7.9) 106.6 (11.2) 93.6 (14.9) 

Males 88.9 (6.9) 116.9 (2.2) 88.9 (5.2) 104.3 (11.8) 96.8 (13.1) 

HC (cm) 93.5 (5.6) 117.1 (8.2) 94.3 (5.2) 111.9 (7.8) 102.0 (12.1) 

Females 93.7 (6.0) 118.1 (8.0) 92.8 (5.1) 113.8 (6.8) 102.5 (12.9) 

Males 93.1 (5.1) 114.8 (9.6) 97.0 (4.4) 107.1 (9.2) 100.8 (10.4) 

Waist/hip ratio  0.9 (0.1) 1.0 (0.1) 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 

Females 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 

Males 1.0 (0.1) 1.0 (0.1) 0.9 (0.1) 1.0 (0.0) 1.0 (0.1) 

Systolic BP (mmHg) 121.2 (15.9) 124.6 (11.2) 117.8 (12.5) 122.8 (11.7) 121.2 (13.3) 

Diastolic BP (mmHg) 79.7(9.0) 83.0 (8.9) 76.9 (6.6) 81.1  (7.9) 79.8 (8.3) 

Heart rate/minute 65.2 (9.6) 67.8  (9.0) 62.0 (11.3) 65.9 (5.7) 64.9 (9.4) 

Hypertensive medication 1.0 (4.3 %) 2.0 (14.3%) 1.0 (5.0 %) 4.0 (28.6 %) 8 (11.3 %) 

Abbreviations: SFA, saturated fatty acids; PUFA, polyunsaturated fatty acids; NW, normal-weight; BMI, body 

mass index; WC, waist circumference, HC, hip circumference; BP, blood pressure.  
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Table 4.2 Baseline characteristics of the lipid profile and other laboratory values  

(Mean values and standard deviations; medians and 25-75th percentiles; *= significant, p 

<0.05, **= significant, p <0.01) 

 SFA, 

 NW 

(n=23) 

SFA,  

Obese 

(n=14) 

PUFA,  

NW 

(n=20) 

PUFA, 

Obese 

(n=14) 

All subjects 

 

(n=71) 

Lipid profile 

TC (mmol/L) 6.6 (1.0) 6.3 (1.3) 6.6 (0.7) 6.3 (0.6) 6.5 (0.9) 

LDL-C (mmol/L) 4.4 (0.8) 4.4 (1.0) 4.5 (0.7) 4.3 (0.7) 4.4 (0.8) 

HDL-C (mmol/L) 1.9 (0.6) 1.3 (0.3) 1.8 (0.4) 1.4 (0.4) 1.6 (0.5) 

Females 2.1 (0.5) 1.5 (0.3) 1.9 (0.4) 1.3 (0.4) 1.8 (0.5) 

Males 1.6 (0.5) 1.0 (0.1) 1.4 (0.2) 1.5 (0.4) 1.4 (0.4) 

TG (mmol/L) ‡ 0.9  

(0.7-1.3) 

1.7 

 (1.4-2.7) 

1.0  

(0.8-1.4) 

1.5  

(1.2-2.0) 

1.2  

(0.8-1.7) 

Non HDL-C (mmol/L) 4.7 (0.9) 5.0 (1.2) 4.8 (0.7) 4.9 (0.7) 4.8 (0.9) 

Laboratory values 

Apo B (gram/L) 1.2 (0.2) 1.3 (0.3) 1.3 (0.2) 1.3 (0.2) 1.3 (0.2) 

Glucose (mmol/L) 5.1 (0.5) 5.6 (0.6) 5.4 (0.6) 5.7 (0.4) 5.4 (0.6) 

HbA1c (%) 5.2 (0.3) 
a
 5.5 (0.5) 5.2 (0.3) 5.4 (0.4) 5.3 (0.4) 

a 

CRP (mg/L) ‡ 0.7 

(0.6-1.3) 

2.5 

(1.2-4.6) 

0.7 

(0.6-1.2) 

2.3 

(1.3-3.9) 

1.1 

(0.6-2.4) 

Abbreviations: SFA, saturated fatty acids; PUFA, polyunsaturated fatty acids; NW, normal-weight; TC, total 

cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; TG, 

triglycerides; Apo B, Apolipoprotein B; HbA1c, glycated hemoglobin (A1c); CRP, C-reactive protein. 

‡: Mann-Whitney U Test was used for not normally distributed variables. Presented with Median and 25-75
th

 

percentile 
a
 Missing for one subject because of wrong material for the blood analysis. 

4.2 Dietary intake at baseline 

We compared the subjects with normal-weight in the SFA diet group with normal-weight in 

the PUFA diet group and the subjects with obesity in the SFA diet group with subjects with 

obesity in the PUFA diet group. There were no significant differences at baseline, except for 

sugar intake (E%) (Table 4.3), which was significantly higher for the normal-weight in the 

PUFA diet group than for the normal-weight in the SFA diet group (mean 2.6, SD 1.1). 

One normal-weight subject in the SFA diet group reported no use of supplements during the 

telephone interview, but had registered 3 grams Vita Proactive Margarine each day during the 

run in period. The participant was instructed to stop eating the Vita Proactive Margarine at the 

randomization visit. One normal-weight subject in the PUFA diet group had eaten 20 grams 

of β-glucans two times a week during the whole study period. This was first discovered at the 

last visit in week 6.  
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Table 4.3 Dietary intake at baseline, registered in a seven days food registration. 

 (Mean values and standard deviations; medians and 25-75th percentiles)  

Abbreviations: SFA, saturated fatty acids; NW, normal-weight; PUFA, polyunsaturated fatty acids; EI, energy 

intake; REE, resting energy expenditure; PAL, physical activity level; MUFA, monounsaturated fatty acids 

*p<0.05: NW SFA v. NW PUFA and obese SFA v. obese PUFA; Independent-Sample T Test was used for 

normally distributed variables. 

a
: EI/REE (Calculated with Mifflin’s formula) 

b
: number of days registered in the seven days food registration.  

‡ Mann-Whitney U Test was used for not normally distributed variables. Presented with median and 25-75th 

percentile 

 SFA, 

 NW 

(n=23) 

PUFA, 

NW 

(n=20) 

SFA,  

obese 

(n=14) 

PUFA,  

obese 

(n=14) 

All subjects 

 

(n=71) 

Kilojoule (kJ) 8242 (2339) 8753 

(2355) 

9477 

(3393) 

9126 (1955) 8803.7 

(2507.5) 

Kilocalories 1957 (568) 2089 (561) 2264 (810) 2181 (471) 2098.7 

(602.9) 

EI/REE 
a
 (PAL) 1.3 (0.3) 1.3 (0.3) 1.2 (0.4) 1.2 (0.2) 1.3 (0.3) 

Fat (E%) 40.5 (10.5) 39.7 (4.0) 40.4 (4.2) 42.6 (9.4) 40.7 (7.7) 

SFA (E%) 15.7 (6.9) 14.3 (2.5) 15.0 (2.0) 15.9 (2.2) 15.2 (4.3) 

Trans fat (E%) ‡ 0.0 

(0.0-0.0) 

0.0 

(0.0-0.0) 

0.0 

(0.0-0.0) 

0.0 

(0.0-0.3) 

0.0 

(0.0-0.0) 

MUFA (E%) 13.9 (3.3) 13.4 (3.0) 13.5 (2.6) 14.3 (4.9) 13.8 (3.4) 

PUFA (E%) 6.0 (1.9) 5.8 (1.6) 6.2 (2.3) 5.8 (2.5) 5.9 (2.0) 

n-3 (gram) 2.9 (1.3) 2.9 (1.6) 3.0 (1.4) 2.8 (1.6) 2.9 (1.4) 

n-6 (gram) 9.4 (3.5) 9.4 (3.5) 12.2 (7.0) 11.1 (6.8) 10.3 (5.1) 

Cholesterol (mg) 307.8 

(229.3) 

271.5 

(96.7) 

304.0 

(131.2) 

351.4 

(113.8) 

305.4 

(159.4) 

Carbohydrates (E%) 41.9 (9.9) 42.8 (3.9) 40.4 (4.3) 40.1 (9.8) 41.5 (7.6) 

Sugar (E%) 5.6 (2.9) 8.2 (4.2)* 6.2 (4.2) 7.1 (3.1) 6.7 (3.7) 

Fiber (g) 23.6 (6.6) 22.1 (6.4) 24.8 (7.2) 24.2 (7.6) 23.6 (6.8) 

Protein (E%) 17.6 (3.0) 17.4 (2.3) 19.3 (3.3) 17.6 (2.7) 17.9 (2.8) 

Alcohol (gram) 11.7 (11.2) 10.9 (6.6) 9.6 (16.3) 10.3 (11.8) 10.8 (11.3) 

Number of days 
b
 (n) ‡ 

 

7.0 

(7.0-7.0) 

7.0 

(7.0-7.0) 

7.0 

(7.0-7.0) 

7.0 

(7.0-7.0) 

7.0  

(7.0-7.0) 
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4.3 Primary outcome: Changes in the lipid profile 

from baseline to the end of the study 

4.3.1 Between group differences and within group changes in the 

lipid profile 
The change in TC was significantly different between the subjects with normal-weight in the 

SFA diet group and the subjects with obesity in the SFA diet group, with an increase in TC in 

the normal-weight and no change in the subjects with obesity after the dietary intervention 

with increased SFA intake. There were no between group differences between the normal-

weight and subjects with obesity in the PUFA diet group. 

 

From baseline to the end of the study, the normal-weight in the SFA diet group had a 

significant within group increase in TC, LDL-C, HDL-C and Apo B of 7.6%, 9.1%, 5.3% and 

8.3 % respectively (Table 4.4). The subjects with obesity in the SFA diet group had no 

significant changes in the lipid profile from baseline to six weeks. Both the normal weight and 

subjects with obesity in the PUFA diet group had a significant reduction in TC, LDL-C and 

Apo B of 12.1 %, 13.3 and 7.7 % (normal-weight) and 7.9%, 7.0 % and 7.7% (obese). The 

normal-weight in the PUFA diet group had a significant reduction in TG from baseline to six 

weeks of 21.4 %.  

4.3.2 Linear regression 

In the adjusted linear regression analysis, there were a trend of an effect of the interaction 

between “BMI x diet group” on the difference in TC, LDL-C and Apo B from baseline to six 

weeks (Table 4.6).  “Diet group” was significant in the adjusted analysis for the difference in 

TC, LDL-C and Apo B. For the difference in TC, LDL-C and Apo B there were also 

performed a linear regression analysis with the variable “weight change” to investigate the 

effect of the weight reduction from baseline to six weeks in the PUFA group. There were no 

significant effects of the variable “weight change” in the analysis (data not shown 
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Table 4.4 The within group changes in the lipid profile from baseline to six weeks and the 

between group difference in the lipid profile between normal-weight and subjects with obesity 

in the two dietary intervention groups. 

(Mean values and standard deviations; *= significant, p <0.05; **= significant, p < 0.01) 

 6 weeks 

 

Within group change Between groups difference 

NW SFA v. obese SFA 

and  

NW PUFA v. obese PUFA 

 Mean SD Mean 

change 

 (SD) 

P1† Mean 

difference  

95% CI 

P2‡ 

TC (mmol/L) 

SFA, NW 7.1 (1.0) 0.5 (0.6) <0.001** 0.4  

(0.0, 0.8) 

0.04* 

SFA, obese 6.4 (1.3) 0.1 (0.5) 0.40 

PUFA, NW 5.8 (0.8) -0.8 (0.7) <0.001** -0.2  

(-0.6, 0.2) 

0.22 

PUFA, obese 5.8 (0.7) -0.5 (0.4) <0.001** 

LDL-C (mmol/L) 

SFA, NW 4.8 (0.9) 0.4 (0.4) <0.001** 0.2  

(-0.2, 0.5) 

0.30 

SFA, obese 4.6 (1.1) 0.2 (0.6) 0.15 

PUFA, NW 3.8 (0.7) -0.6 (0.5) <0.001** -0.3  

(-0.7, 0.0) 

0.07 

PUFA, obese 4.0 (0.7) -0.3 (0.4) 0.02* 

HDL-C (mmol/L) 

SFA, NW 2.0 (0.6) 0.1 (0.2) 0.04* 0.0  

(-0.1, 0.2) 

0.52 

SFA, obese 1.4 (0.3) 0.1 (0.2) 0.31 

PUFA, NW 1.7 (0.4) -0.1 (0.2) 0.15 -0.0  

(-0.2, 0.1) 

0.67 

PUFA, obese 1.3 (0.4) -0.0 (0.1) 0.17 

Apo B (gram/L) 

SFA, NW 1.3 (0.2) 0.1 (0.1) 0.002* 0.1  

(-0.0, 0.1) 

0.14 

SFA, obese 1.3 (0.3) 0.0 (0.1) 0.41 

PUFA, NW 1.1 (0.2) -0.1 (0.1) <0.001** -0.1  

(-0.1, 0.0) 

0.13 

PUFA, obese 1.2 (0.2) -0.1 (0.1) <0.001** 

TG (mmol/L)       

SFA, NW 0.9 (0.7-1.4)  0.62§  0.08§‖ 

SFA, obese 1.6 (1.1-2.0)  0.06§  

PUFA, NW 0.8 (0.7-1.3)  0.006**§  0.52§‖ 

PUFA, obese 1.5 (0.9-1.8)  0.16§  

Abbreviations: SFA, saturated fatty acids; NW, normal-weight; PUFA, polyunsaturated fatty acids; TC, total 

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

Apolipoprotein B; TG, triglycerides. 

P1†: Baseline v. end of study: Paired-Sample T Test. 

§ Baseline v. end of study; Wilcoxon`s Signed Rank Test was used for not normally distributed variables. 

Presented with median and 25-75th percentiles 

P2‡: Between group changes, SFA NW v. SFA obese and PUFA NW v. PUFA obese: Independent-Sample T 

Test. 

§‖: Between group changes; Mann-Whitney U Test was used for not normally distributed variables. Presented 

with median and 25-75th percentile. 
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Table 4.5 The between group changes between normal weight in the SFA diet group and 

normal-weight in the PUFA diet group and the subjects with obesity in the two diet groups 

after six weeks on the intervention diet 

 6 weeks Between group differences NW v. NW 

and obese v. obese 

 Mean SD Mean difference 

95 % CI 

P† 

TC (mmol/L) 

SFA, NW 7.1 (1.0) 1.3 

(0.9, 1.7) 

<0.001* 

PUFA, NW 5.8 (0.8) 

SFA, obese 6.4 (1.3) 0.6 

(0.3, 1.0) 

0.001* 

PUFA, obese 5.8 (0.7) 

LDL-C (mmol/L) 

SFA, NW 4.8 (0.9) 1.0 

(0.7, 1.3) 

<0.001* 

PUFA, NW 3.8 (0.7) 

SFA, obese 4.6 (1.1) 0.5 

(0.1, 1.0) 

0.010* 

PUFA, obese 4.0 (0.7) 

HDL-C (mmol/L) 

SFA, NW 2.0 (0.6) 0.2 

(0.0, 0.3) 

0.013* 

PUFA, NW 1.7 (0.4) 

SFA, obese 1.4 (0.3) 0.1 

(-0.0, 0.2) 

0.11 

PUFA, obese 1.3 (0.4) 

Apo B (g/L) 

SFA, NW 1.3 (0.2) 0.2 

(0.1, 0.3) 

<0.001* 

PUFA, NW 1.1 (0.2) 

SFA, obese 1.3 (0.3) 0.1 

(0.0, 0.2) 

0.005* 

PUFA, obese 1.2 (0.2) 

TG (mmol/L) 

SFA, NW 0.9 (0.7-1.4)  0.06§ 

PUFA, NW 0.8 (0.7-1.3)  

SFA, obese 1.6 (1.1-2.0)  0.51§ 

PUFA, obese 1.5 (0.9-1.8)  

Abbreviations: SFA, saturated fatty acids; NW, normal-weight; PUFA, polyunsaturated fatty acids; TC, total 

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

Apolipoprotein B; TG, triglycerides 

P†: Between group changes, NW SFA v. NW PUFA and obese SFA v. obese PUFA  

§: Between group changes; Mann-Whitney U Test was used for not normally distributed variables. Presented 

with median and 25-75th percentile 
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Table 4.6 Analysis of the interaction between dietary group and BMI with a multiple 

regression. 

(95 % confides interval; *= significant, p <0.05, ** = significant, p < 0.01) 

TC, total cholesterol; LDL-C, low density lipoprotein-cholesterol; HDL-C, high density lipoprotein cholesterol; 

Abbreviations: TG, triglycerides; Apo B, Apolipoprotein B. 

a
: Adjusted for all BMI, diet group and BMI x diet group in a linear regression analysis.  

b
:Also analyzed for the effect of weight reduction from baseline to six weeks, not statistical significant (data not 

shown). 

‡SFA diet group compared to PUFA diet group. 

P1†: Unadjusted effect; Linear Regression. 

P2†: Adjusted for BMI, diet group and BMI x diet group; Linear regression. 

 

 

Variable Unadjusted 

effect 

95 % CI P1† value Adjusted 

effect 
a 

95 %  

CI 

P2† value  

TC change (mmol/L) 
b 

BMI -0.0 -0.0, 0.0 0.64 0.0 -0.0, 0.1 0.032 

Diet group‡ 1.0 0.8, 1.3 <0.001** 2.6 1.3, 3.9 <0.001** 

BMI x diet 

group 

0.0 0.0, 0.0 <0.001** -0.1 -0.1, -0.0 0.013 

LDL-C change (mmol/L) 
b 

BMI 0.0 -0.0, 0.0 0.92 0.0 -0.0, 0.1 0.11 

Diet group‡ 0.8 0.6, 1.0 <0.001** 1.9 0.8, 3.1 0.001** 

BMI x diet 

group 

0.0 0.0, 0.0 <0.001** -0.0 -0.1, -0.0 0.044 

HDL-C change (mmol/L) 

BMI -0.0 -0.0, 0.0 0.51 0.0 -0.0, 0.0 0.62 

Diet group 0.1 0.1, 0.2 0.003** 0.4 -0.0, 0.9 0.07 

BMI x diet 

group 

0.0 0.0, 0.0 0.015* -0.0 -0.0, 0.0 0.21 

Apo B change (gram/L) 
b 

BMI -0.0 -0.0, 0.0 0.78 0.0 -0.0, 0.0 0.20 

Diet group‡ 0.2 0.1, 0.2 <0.001** 0.4 0.2, 0.7 0.001** 

BMI x diet 

group 

0.0 0.0, 0.0 <0.001**  -0.0 -0.0, 0.0 0.044 

TG change (mmol/L) 

BMI 0.0 -0.0, 0.0 1.00 0.0 -0.0, 0.1 0.28 

Diet group‡ 0.1 -0.2, 0.3 0.66 1.0 -0.3, 2.3 0.14 

BMI x diet 

group 

0.0 -0.0, 0.0 0.90 -0.0 -0.1, 0.0 0.15 
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4.4 Secondary outcomes: Changes in diet 

composition, body weight, hip and waist 

circumference from baseline to six weeks 

4.4.1 Between group dietary changes during the study 

The change in the intake of n-6 FA was significantly different between the subjects with 

normal-weight and the subjects with obesity in the SFA diet group from baseline to six weeks. 

The subjects with obesity had a significantly greater reduction (mean -3.6, SD 1.6) in the 

intake of n-6 FA (g) compared to the subjects with normal-weight. There were no significant 

between group changes in the other dietary variables from baseline to 6 weeks.  

4.4.2 Within group dietary changes during the study 
For the intake of SFA (E%), PUFA (E%), trans fat (E%) cholesterol (mg), n-3 FA (grams) 

and n-6 FA (grams) the changes in the intake were as expected according to the planned 

dietary intervention (Table 4.7).In energy intake (kJ), there was a significant reduction for the 

subjects with normal-weight in the PUFA diet group. The subjects with obesity in the PUFA 

diet group had a change in the intake of MUFA (E%) and protein intake (E%), with a 

significant increase. There were no significant within group changes in EI/REE ratio for any 

of the groups from baseline to the end of the study.  

In the other dietary variables analyzed, the subjects with normal-weight in the SFA diet group 

had a significant reduction in the total carbohydrate (E%) intake (Table 4.8). The subjects 

with normal-weight and those with obesity in the PUFA diet group and the normal-weight in 

the SFA diet group had a significant reduction in the sugar intake (E%).  
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Table 4.7 Dietary values of the intake of energy, different fat acids and cholesterol at the end 

of the study registered in a seven days food registration and their changes during the study.  

(Mean values and standard deviations; medians and 25-75th percentiles; *= significant; 

 p <0.05** = significant, p < 0.01) 

 6 weeks Within group change Between groups change 

NW SFA v. obese SFA 

and  

NW PUFA v. obese PUFA 

 Mean SD Mean (SD) P1† Mean 

difference 

95% CI 

P2‡ 

Energy (kJ) 

SFA, NW 8656  (1935) 416 (1652) 0.24 535 

(-526, 1596) 

0.31 

SFA, obese 9357  (2787) -120 (1456) 0.76 

PUFA, NW 8037  (1996) -716 (1481) 0.04* -91 

(-1143, 961) 

0.86 

PUFA, obese 8500  (1345) -625 (1483) 0.14 

EI/REE 
a 
(PAL) 

SFA, NW 1.4 (0.3) 0.1 (0.2) 0.148 0.1  

(-0.1, 0.2) 

0.25 

SFA, obese 1.2 (0.3) -0.0 (0.2) 0.809 

PUFA, NW 1.2 (0.2) -0.1 (0.2) 0.058 -0.0 

(-0.2, 0.1) 

0.54 

PUFA, obese 1.2 (0.3) -0.1 (0.2) 0.355 

Fat (E%) 

SFA, NW 45.1  (8.3) 4.6 (8.3) 0.015* 1.0  

(-4.1, 6.0) 

0.70 

SFA, obese 44.0 (5.7) 3.6 (5.3)  0.02* 

PUFA, NW 41.2  (4.7) 1.5 (4.3) 0.15 1.4  

(-1.9, 4.7) 

0.40 

PUFA, obese 42.7  (9.3) 0.1 (5.1) 0.96 

SFA (E%) 

SFA, NW 19.6 (5.3) 4.0 (5.5) 0.002** -1.4  

(-4.6, 1.8) 

0.38 

SFA, obese 20.4 (2.7) 5.4 (2.5) <0.001** 

PUFA, NW 10.5 (2.2) -3.8 (3.3) <0.001** 1.9  

(-0.2, 4.1) 

0.08 

PUFA, obese 10.2 (1.5) -5.7 (2.6) <0.001** 

Trans fat (E%) 

SFA, NW 0.0 (0.0-1.0)  0.020*§  0.61§‖ 

SFA, obese  0.5 (0.0-1.0)  0.01*§   

PUFA, NW 0.0 (0.0-0.0)  0.16§  0.59§‖ 

PUFA, obese  0.0 (0.0-0.3)  0.08§   

MUFA (E%) 

SFA, NW 13.8  (2.6) -0.1 (3.2) 0.85 0.2  

(-1.8, 2.3) 

0.83 

SFA, obese 13.1  (2.6) -0.4 (2.6) 0.62 

PUFA, NW 15.1  (2.8) 1.7 (4.4) 0.10 -0.1  

(-2.8, 2.6) 

0.95 

PUFA, obese 16.1  (4.7) 1.8 (2.7) 0.03* 

PUFA (E%) 

SFA, NW 5.7  (1.8) -0.3 (1.9) 0.46 1.2  

(-0.3, 2.7) 

0.12 

SFA, obese 4.7  (1.2) -1.5 (2.6) 0.047* 

PUFA, NW 9.9  (2.0) 4.1 (2.8) <0.001** -0.3  

(-2.1, 1.5) 

0.77 

PUFA, obese 10.1  (2.2) 4.4 (2.2) <0.001** 

n-3 (g) 

SFA, NW 3.0  (1.2) 0.1 (1.4) 0.66 0.6  

(-0.4, 1.6) 

0.24 

SFA, obese 2.6  (1.2) -0.4 (1.5) 0.29  

PUFA, NW 4.0  (1.7) 1.1 (1.6) 0.008** -0.1  

(-1.2, 1.0) 

0.87 

PUFA, obese 4.0  (1.2) 1.2 (1.6) 0.01* 

n-6 (g) 

SFA, NW 8.6 (2.8) -0.8 (3.6) 0.32 3.6  0.033* 
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SFA, obese 7.8 (2.9) -4.4 (6.2) 0.021* (0.3, 6.9) 

PUFA, NW 15.5 (5.8) 6.0 (4.9) <0.001** 1.3  

(-1.8, 4.3) 

0.40 

PUFA, obese 15.8 (5.8) 4.8 (3.3) <0.001** 

Cholesterol (mg) 

SFA, NW 359.9  (207.0) 52.1 (121.5) 0.052 -6.0  

(-81.6, 69.6) 

0.87 

SFA, obese 362.1  (125.0) 58.1 (86.8) 0.03* 

PUFA, NW 218.4  (83.0) -53.1 (90.8) 0.02* 41.6  

(-27.9, 

109.1) 

0.22 

PUFA, obese 256.6  (99.1) -94.7 

(100.9) 

0.004** 

Abbreviations: CI, confidence interval; SFA, saturated fatty acids; NW, normal-weight; PUFA, polyunsaturated 

fatty acids; EI, energy intake, REE, resting energy expenditure; PAL, physical activity level; MUFA, 

monounsaturated fatty acids 

P1†: Baseline v. end of study; Paired-Sample T Test. 

§ Baseline v. end of study; Wilcoxon`s Signed Rank Test was used for not normally distributed variables. 

Presented with median and 25-75th percentile. 

P2‡: Between group changes, SFA NW v. SFA obese and PUFA NW v. PUFA obese; Independent-Sample T 

test. 

§‖: Between group changes; Mann-Whitney U Test was used for not normally distributed variables. Presented 

with median and 25-75th percentile. 

a
: EI/REE (Calculated with Mifflin’s formula). 
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Table 4.8 Dietary values of the intake of carbohydrates, sugar, protein and fiber at the end of 

the study registered in a seven days food registration and their changes during the study.  

(Mean values and standard deviations; *= significant, p <0.05; p <0.05** = significant, 

p < 0.01) 
 6 weeks Within group change Between groups change 

NW SFA v. obese SFA 

and  

NW PUFA v. obese 

PUFA 

 Mean SD Mean 

 change 

(SD) 

P1† Mean 

difference  

95%CI 

P2‡ 

Carbohydrates (E%) 

SFA, NW  37.7 (9.0) -4.2 (8.1) 0.02* -1.8  

(-6.6, 3.1) 

0.46 

SFA, obese 38.0  (5.1) -2.4 (4.9) 0.09 

PUFA, NW 41.1  (5.4) -1.8 (5.0) 0.14 -0.0  

(-3.6, 3.5) 

0.98 

PUFA, obese 38.4  (8.5) -1.7 (5.0) 0.22 

Sugar (E%) 

SFA, NW 4.6 (2.9) -1.0 (1.8) 0.02* 0.5  

(-1.3, 2.3) 

0.58 

SFA, obese 4.7  (3.3) -1.5 (3.7) 0.15  

PUFA, NW 4.8  (2.3) -3.4 (3.3) <0.001** -0.8  

(-3.2, 1.5) 

0.48 

PUFA, obese 4.5  (2.9) -2.6 (3.3) 0.01* 

Protein (E%) 

SFA, NW 17.2  (3.0) -0.4 (2.6) 0.44 0.8  

(-1.1, 2.6) 

0.40 

SFA, obese 18.1  (2.8) -1.2 (2.8) 0.13 

PUFA, NW 17.9  (2.3) 0.5 (2.5) 0.38 -1.0  

(-2.7, 0.7) 

0.24 

PUFA, obese 19.1  (4.2) 1.5 (2.2) 0.03* 

Fiber (gram) 

SFA, NW 24.3  (6.0) 0.6 (6.1) 0.63 1.2  

(-3.4, 5.7) 

0.61 

SFA, obese 24.3  (6.9) -0.5 (7.2) 0.79 

PUFA, NW 24.5  (6.8) 2.4 (6.8) 0.13 -0.0  

(-5.2, 5.2) 

1.00 

PUFA, obese 26.6  (8.3) 2.4 (8.0) 0.27 

Alcohol (gram)       

SFA, NW 11.9 (12.8) 0.2 (5.8) 0.86 1.4 

(-3.9, 6.6) 

0.60 

SFA, obese 8.5  (11.8) -1.1 (9.9) 0.676 

PUFA, NW 8.9 (10.7) -2.0 (7.8) 0.264 -1.2 

(-6.2, 3.8) 

0.63 

PUFA, obese 9.5 (12.8) -0.8 (5.6) 0.549 

Abbreviations: CI, confidence interval; SFA, saturated fatty acids; NW, normal-weight; PUFA, polyunsaturated 

fatty acids 

P1†: Baseline v. end of study; Paired-Sample T Test. 

P2‡: Between group changes, SFA NW v. SFA obese and PUFA NW v. PUFA obese; Independent-Sample T 

test. 
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4.4.3 Between group changes and within group changes in body 

weight, waist and hip circumference 
 

The change in waist circumference was significantly different between the subjects with  

normal-weight and the subjects with obesity in the SFA diet group from baseline to six weeks 

(Table 4.9). The normal-weight subjects had a significantly higher increase compared to the 

subjects with obesity in the SFA diet group. The normal-weight in the SFA diet group had a 

significant within group change with an increase in the waist circumference (cm). The 

participants in the PUFA diet group had a significant reduction in body weight (kg) from 

baseline to the end of the study. There was no significant difference in the weight reduction 

between the normal-weight and the subjects with obesity in the PUFA diet group. 

 

Table 4.9 Anthropometric values at the end of the study and their changes through the study. 

(Mean values and standard deviations; medians and 25-75th percentiles; *= significant, p 

<0.05; **= significant, p < 0.01) 

 6 weeks Within group change Between groups change 

NW SFA v. obese SFA and  

NW PUFA v. obese PUFA 

 Mean SD Mean 

change 

(SD) 

P1† Mean 

difference 

95% CI 

P2‡ 

Body weight (kg) 

SFA, NW 67.2  (7.2) -0.1 (0.8) 0.56 0.4  

(-0.4, 1.2) 

0.34 

SFA, obese 101.5  (13.4) -0.5 (1.6) 0.28 

PUFA, NW 68.3  (9.1) -1.1 (1.2) 0.001** 0.0  

(-0.9, 0.9) 

1.00 

PUFA, obese 92.8  (13.8) -1.1 (1.4) 0.01* 

WC, cm 

SFA, NW 86.7  (7.6) 1.2 (2.4) 0.02* 1.7  

(0.0, 3.3) 

0.045* 

SFA, obese 111.9  (5.7) -0.4 (2.4) 0.51 

PUFA, NW 84.1  (7.3) -0.8 (2.6) 0.21 -0.8  

(-2.5, 1.0) 

0.37 

PUFA, obese 105.9  (10.5) 0.0 (2.3) 0.96 

HC, cm 

SFA, NW 93.6 (5.4) 0.1 (2.5) 0.90 1.1  

(-0.6, 2.8) 

0.18 

SFA, obese 116.1 (8.3) -1.0 (2.2) 0.11 

PUFA, NW 93.4 (5.7) -0.9 (2.3) 0.10 -1.0  

(-2.5, 0.5) 

0.17 

PUFA, obese 112.0 (7.7) 0.1 (1.7) 0.76 

Abbreviations: CI, confidence interval; SFA, saturated fatty acids; NW, normal-weight; PUFA, polyunsaturated 

fatty acids; WC, waist circumference; HC, hip circumference 

P1†: Baseline v. end of study: Paired-Sample T Test. 

P2‡: Between group changes, SFA NW v. SFA obese and PUFA NW v. PUFA obese: Independent-Sample T 

Test. 
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4.5 Post hoc analysis 

4.5.1 Within group and between group changes in non HDL-C  

For non HDL-C there was a significant increase in the normal-weight SFA diet group (Table 

4.10), and there was a between group difference between the normal-weight and the subjects 

with obesity with a greater increase for the normal-weight. Both the normal-weight and the 

subjects with obesity in the PUFA diet group had a significant reduction in non HDL-C, and 

there were no between group differences.  

Table 4.10 Non HDL-C at six weeks and their changes through the study. (Mean values and 

standard deviations; *= significant, p <0.05; ; **= significant, p < 0.01) 

 6 weeks Within group change Between groups differences 

NW SFA v. obese SFA and  

NW PUFA v. obese PUFA 

 Mean SD Mean 

change 

(SD) 

P1† Mean 

difference 

(95 % CI) 

P2‡ 

Non HDL-C (mmol/L) 

SFA, NW 5.1  (1.0) 0.4 (0.5) 0.001** 0.4  

(0.0, 0.7) 

0.04* 

SFA, obese 5.1 (1.2) 0.1 (0.5) 0.59 

PUFA, NW 4.1 (0.8) -0.7 (0.5) <0.001** -0.2  

(-0.5, 0.1) 

0.16 

PUFA, obese 4.4 (0.8) -0.5 (0.3) <0.001** 

PUFA, obese 0.4 (0.3) -0.2 (0.3) 0.08 

Abbreviations: NW, normal-weight; SFA, saturated fatty acids; PUFA, polyunsaturated fatty acids; CI, 

confidence interval. 

P1†: Baseline v. end of study: Paired-Sample T Test. 

P2‡: Between group changes, SFA NW v. SFA obese and PUFA NW v. PUFA obese: Independent-Sample T 

Test. 

4.6 Compliance 

There were no between group differences in either of the groups in any of the compliance 

measurements. The subjects with obesity in the PUFA diet group had a significantly higher 

intake of the minimum portions of margarine at the end of the study compared with visit 3 

(Table 4.11). Both the normal-weight and the subjects with obesity in the PUFA diet group 

had a significant higher score in the dietary questionnaire at visit 5 compared to visit 3.  
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Table 4.11 Compliance measured as percentage intake of the minimum portions of butter or 

margarine and with a questionnaire at visit3, 4 and the end of the study. 

(Median and 25-75th percentiles, *= significant, p <0.05) 

 Visit 3 

2 weeks 

 

Visit 4 

4 weeks 

 

Visit 5 

6 weeks 

 

Within 

group 

change 

Between groups 

change NW SFA 

v. obese SFA and  

NW PUFA v. 

obese PUFA 

 Median 27-75th 

percentile 

Median 27-75th 

percentile 

Median 

 

27-75th 

percentile 

P1† P2‡ 

Minimum portions (%) 

SFA,  

NW, n=20 

100.0 (100.0-

100.00)
a 

100.0 (100.0-

100.00)
a
 

100.0 (100.0-

100.00)
a 

0.66 0.74 

SFA,  

obese, n=14 

100.0 (100.0-

100.00) 

100.0 (100.0-

100.00) 

100.0 (100.0-

100.00) 

0.317  

PUFA, 

NW, n=20 

100.0 (94.6-100.0) 100.0 (87.8-

100.0) 

100.0 (100.0-

100.0) 

0.05* 0.55 

PUFA, 

obese, n=14 

100.0 (98.6-100.0) 100.0 (94.6-

100.0) 

100.0 (100.0-

100.0) 

0.29  

Dietary questionnaire § 

SFA, 

NW, n=20 

8.0 (7.0-9.0) 9.0 (8.0-9.0) 9.0
c 

(7.2-9.0)
 

0.17 0.82 

SFA, 

obese, n=14 

8.0 (7.0-9.0) 8.0 (7.8-9.0) 8.0
d 

(7.9-9.0) 0.73  

PUFA,  

NW, n=20 

8.0 (7.0-8.8) 8.0 (7.6-9.0) 9.0
b 

(8.0-9.0) 0.003* 0.89 

PUFA, 

obese, n=14 

8.0 (7.0-9.0) 8.5 (7.0-9.0) 9.0
b 

(8.0-9.0) 0.04*  

Abbreviations: NW, normal-weight; SFA, saturated fatty acids; PUFA, polyunsaturated fatty acids; CI, 

confidence interval. 

P1† Within group changes from week 3 to week 6; Wilcoxon`s Signed Rank Test. 

P2‡ Between group changes from week 3 to week 6, SFA NW v. SFA obese and PUFA NW v. PUFA obese; 

Mann-Whitney U Test. 

§The dietary questionnaire was not handed out to 11 of the participants at the last visit.  

a
: 3 missing (3 drop outs after visit 2, no minimum portions registered) 

b
: 3 missing 

c
: 7 missing 

d
: 4 missing 

4.7 Physical activity level 

There were no significant differences between the normal-weight and the subjects with 

obesity in the two dietary intervention groups at visit 3, p = 1.00, visit 4, p = 0.16, or visit 5, p 

= 0.248, analyzed with Fisher`s Exact Test. When comparing the normal-weight with the 

subjects with obesity in the SFA diet group, there were no significant differences at visit 3, p 

= 1.00, visit 4, p = 0.15, or visit 5, p = 1.00, in the self-reported activity level. In the PUFA 
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diet group there were no significant differences at visit 3, p = 1.00, visit 4, p = 0.15, or visit 5, 

p = 0.37, between the normal-weight and the subjects with obesity.  

4.8 Side effects and changes in smoking habits 

It was reported 11side effects at visit 3, two at visit 4 and five at visit 5 in the two dietary 

groups during the study (Table 4.12). The participants related very few of the side effects to 

the dietary intervention.  

One normal-weight subject in the SFA diet group reported changes in smoking status from 0-

5 cigarettes per day at the screening visit to smoking “a bit more” at visit 5. There were no 

significant differences in changes in smoking status between the groups (data not shown). 

Table 4.12 Side effects that the participants reported during the study and which they related 

to the dietary intervention. 

Visit  Diet intervention group 

and BMI category 

Relation to the 

intervention diet 
a
 

Side effect reported by the participants 

3 SFA, NW “Likely” “Mild nausea” 

3 SFA, NW “Likely” “Waked up by a pain in the right side of abdomen 

(gall bladder pain?)” 

3 SFA, obese “Most likely” “Ache in the left kidney” 

3 PUFA, NW “Most likely” “Nausea and a “heavier” feeling of satiety 

(uncomfortable to eat more fat than usual)” and 

“stomach pain”. 

3 PUFA, NW “Most likely” “Frequently toilet visits (extreme amounts twice a 

day)” 

5 SFA, NW “Likely” “Neck pain” 

5 SFA, NW “Likely” “More frequently toilet visits and more fluid feces” 

5 SFA, obese “Most likely” “Forgetful” 

5 SFA, obese “Likely” “Bloated and reduced frequency of emptying of the 

bowel”. 

5 PUFA, NW “Likely” “It takes longer time to go to the toilet 

Abbreviations: NW, normal-weight; SFA, saturated fatty acids; PUFA, polyunsaturated fatty acids.  

a
: The participants were asked if the related the reported side effects with the changes in the diets with the three 

options “most likely”, “likely” or “not likely”.  
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5 Discussion 

5.1 Method 

5.1.1 Participant characteristics at baseline 

The participants were randomized to either of the two diet groups. The statistical analysis 

showed that there were no significant differences between the normal-weight in the two diet 

groups or between the subjects with obesity in the two diet groups at baseline.  

Both diet groups had the same number of visits scheduled, so neither of the groups were given 

more nutritional advice than the other. They were given the same amounts and types of 

written information. Written information is important because studies has shown that much of 

the verbal advice given is forgotten or misunderstood (71). 

5.1.2 Blinding 

When doing research, it is optimal with blinding of the researcher and participants. This is 

difficult to carry out in practice in studies were nutritional advice is given. The nutritionists 

that were in charge of both implementing the intervention and interpreting the results in this 

study were not blinded. They knew which dietary intervention group each participant was 

randomized to and this was necessary to carry out the nutrition guidance and handing out the 

minimum portions of either butter or margarine. The participations knew which group they 

were in because they needed to know which food choices they had to make to eat according to 

their diet group. Blinding could have been possible if food for the whole study period was 

handed out in concealed containers. This would be expensive and it could be a bigger burden 

for the participants because they had to eat the food that was handed out and they could not 

have made individual food choices according to their preferences. An advantage with the 

open intervention is that its shows how big dietary changes people can manage to attain in 

their everyday life. 

To avoid changes in the behavior because of the changes or lack of changes in the lipid 

profile during the intervention period, the participants and the nutritionist did not see any 

blood results during the intervention period. The blood results were first reviewed at visit 5 
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when the last blood sample was taken and the study had ended. The dietary interventions were 

defined and materials for both diet groups were developed in advance of the study. The 

nutritionists were objective and followed the pre-defined guidelines for the study and dietary 

intervention. Nutritionist, doctors and nurses with experience in nutrition research supervised 

the two nutritionist responsible for implementing the dietary intervention.  The technicians 

who analyzed the blood results had no information about the intervention allocation.  

5.1.3 Measurements errors 

There are some factors that can affect the accuracy of the blood sample measurements (61). 

Pre-analytic factors like biological (age and gender) and behavioral factors (exercise and diet), 

and analytic factors can affect the results of the blood samples (13). In this study it was 

defined that the participants needed to fast 10 hours before the blood samples were collected. 

There was no standardization of how long they should have fasted, meaning that some 

participants could have been fasting for example 10 hours and others for 16 hours. In the 

written information sent to the participants after the telephone interview it was stated that they 

should avoid alcohol 24 hours before the collection of blood samples. However, we cannot be 

sure if all the participants followed this instruction. This is examples of behavioral factors that 

can influence the results of the blood results. To reduce the effects of the analytic sources of 

errors, the blood samples were drawn and handled by two experienced study nurses and the 

blood samples were analyzed by the laboratory at Oslo University Hospital following 

protocol. LDL-C can be analyzed directly as done in this study or be calculated by 

Friedewald`s formula. The calculation of LDL-C from Friedewald`s formula is based on the 

measurement of plasma TG, TC and HDL-C and was primarily developed for research. Direct 

analyses of LDL-C have the benefit that fasting is not necessary before the blood sample is 

collected. It is recommended that LDL-C should be measured several times before clinical 

decision making because analytic and biological variability can cause measurement errors that 

affects the result of the test. To reduce biological and analytical variability, blood samples 

could have been collected two times at subsequent days at baseline and at the last visit (13). 

The mean of the two days could have been used to reduce the effect of the measurements 

errors of the tests on the results. This would have added cost to the study as well as an 

increased burden for the participants as they must have met at the hospital two more times and 

had two more blood samples collected. In addition, the results were analyzed at group level, 
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and the advice of two serial samples are recommended before decision making in the clinical 

setting for individuals (13).   

5.1.4 Dietary data collection 

A normal challenge when doing nutrition research is to make an accurate record of the 

nutrition intake. Every method for registration of dietary intake has different strengths and 

weaknesses (72, 73). A food registration has the strength that it is a prospective method, it is 

not dependent on the subject’s ability to remember what they have eaten before, and it is less 

prone to recall bias than for example a food frequency questionnaire or a 24 hour recall. 

Because the subjects weighed what they had eaten, it is an accurate method. However, it can 

be a strain on the subjects to register what they eat several days in a row, and this can affect 

what people eat. Studies have shown that food registration is prone to measurements errors 

like wrong registration of the amount eaten, that people forget to record some of the food 

intake or that they change their diet during the registration period (74, 75). It can be difficult 

to make accurate registrations if you eat in a cafeteria or in a restaurant because you may have 

to make some assumptions about the food content and amounts eaten. Pleasing bias can also 

occur, that the participants eat healthier in the period trying to please the nutritionist or they 

report food consumption to follow what they perceive as socially desirable (75). To reduce 

pleasing bias, the intervention diets and nutrition advice were not discussed with the 

participants at the screening visit.  

A seven days weighed food registration provides detailed information about the food intake, 

but is vulnerable for seasonal fluctuations in the food intake such as for Christmas, Easter and 

summer holidays. However, it was a suitable method for this study because with one 

registration at baseline and one at the end of the study it can reveal short time changes in the 

food intake in a detailed manner. This was desirable for this study with a food intervention 

where qualitative data on the nutrition intake was essential. Seven days of registration was 

chosen because it gives information about the food intake for an entire week, and possible 

variations in the food intake from weekdays and weekends are included. Seven days increases 

the burden of the participants compared to four days, but increases the information of food 

consumed once or twice a week (75). The importance of participants eating as close to their 

normal diet as possible at baseline registration was emphasized, and they were instructed to 

try not to be affected by the registration of their food intake. 
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Underreporting 

To assess the degree of underreporting present in this study, a PAL value was calculated 

based on the reported energy intake and estimated resting energy expenditure. Several factors 

can affect the degree of underreporting when people register their nutritional intake. It has 

been shown that individuals with obesity have a tendency to underestimate and underreport 

what they eat (19). Low socioeconomic status and economy can also increase underreporting, 

but on the other hand can high knowledge of health topics can also lead to increased 

underreporting (72, 74). Efforts to maintain weight stability can also lead to underreporting 

(72, 74). There was no significant difference in education level or smoking status between any 

of the groups at baseline, see (Table 4.1). An EI/REE ratio was calculated to produce a PAL 

value as a way to investigate the degree of underreporting. There were no significant 

differences between the groups in the PAL value at baseline and no within group changes 

from baseline to the end of the study or between group differences at the end of the study.  

When a registration of the physical activity level has been made, it can be compared with a 

calculated PAL value and be used for evaluating the degree of underreporting. No registration 

of the physical activity level was made in this study; only changes in the participant’s 

physical activity level were registered. If the physical activity level was registered with a heart 

rate monitoring or a physical activity level questionnaire, an estimate of the physical activity 

level could be calculated for each participant. Alternatively, an average PAL value of 1.55 can 

be used. A PAL value of 1.55 represents a sedentary level of physical activity level (72). The 

normal-weight in the SFA diet group had the highest estimated PAL value at the end of the 

study of 1.4. The normal-weight and the subjects with obesity in the PUFA diet group and the 

subjects with obesity in the SFA diet group all had an estimated PAL value of 1.2 at the end 

of the study. This shows that there is underreporting in our sample. This is a problem because 

it underestimates the energy intake and the intake of macro nutrients, and it is often food 

groups of certain types of foods that are not registered, like food that are perceived unhealthy 

(75). There were no significant within group changes in the PAL value from baseline to the 

end of the study nor between group changes (Table 4.7), which is a strength because it means 

that the degree of underreporting remained consistent throughout the study period. 
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5.1.5 Compliance  

Registrations of compliance were done in the same manner in both diet groups and for both 

BMI categories. Registration of the intake of minimum portions of butter or margarine gave a 

quantitative measurement of compliance to the dietary intervention. There were no significant 

between group differences in the intake of the minimum portions or in the questionnaires. The 

questionnaires were a self-reported measurement and can be influenced by pleasing bias like 

any other method for registration of the dietary intake (74, 75). The questionnaire could have 

be analyzed as nine separate variables instead of one total score to give a better understanding 

of the changes in the diet.  

5.1.6 Statistics 

71 participants were enrolled in the study. This was 13 less than estimated in the power 

calculation to be sufficient to detect a difference in the LDL-C of 0.4-0.5 mmol/L between the 

subjects with normal-weight in the two diet groups with more than nine E% difference in the 

SFA intake. The calculation included potential dropouts. Only 28 participants with obesity 

were enrolled in the study, this was nine participants less (if there were no dropouts) than 

estimated in the power calculation as necessary to get significant results. This may have 

affected the results because the strength in the study was weakened. There may have been too 

few participants with obesity to detect the true differences in the lipid profile after the dietary 

intervention, and precaution in interpretation of the results is needed. 

For the baseline analyses preformed for HDL-C, hip and waist circumference, males and 

females were analyzed separately. The variables for the males were not normally distributed, 

but they were analyzed as normally distributed variables because of a small n. It was assumed 

that if there were more male participants, the variables would have been normally distributed.  

The four normal-weight participants in the SFA diet group that dropped out from the study 

are included in the analysis according to the intention to treat and last value carried forward 

principle. The blood results from the randomization visit are being used for visit 5, so no 

blood result after consuming butter are registered for the four  participants that dropped out 

during the study period. The observed effect for the subjects with normal-weight in the SFA 

diet group might have been greater if the four drop outs had the same development in the lipid 

profile as the other subjects with normal-weight in the SFA diet group. 
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The power calculation was performed on changes in the LDL-. The statistical power might 

have been too weak to detect the changes in other variables analyzed in this thesis. 

The regression analysis is not adjusted for multiple analyses. In this type of adjustments, the 

significant level is set lower than 0.05 to correct for the multiple analyses preformed. 

Preforming many analyses increases the chance that you reject the H0 when it is true, 

inducing type I error (76). This means that some of the significant results in this study can 

have occurred only by chance.  

5.1.7 Weaknesses 

There was no control group in this study because both the SFA and PUFA diet group were 

instructed to make large changes in their diets during the study period. The changes in the diet 

were both regarding to the fat quality and the intake of wholegrain products, fruit, berries and 

vegetables, the intake of sugar rich beverages, cakes etc. according to the Norwegian dietary 

advices (24).  Butter is often used as a negative control in dietary intervention studies (77), 

and the dietary intervention in this study was with butter and margarine. However, advices to 

change several other food sources to SFA than only butter were given.   

In the run in period, the participants ate their habitual diets. If the participants had a run in 

period were they ate both butter and margarine in equal amounts it would give a more similar 

baseline diet and maybe an easier transition to the intervention diets. However, there were no 

significant differences in the fat intake at baseline between the normal-weight in the SFA diet 

group and the normal-weight in the PUFA group or between the subjects with obesity in the 

two diet groups, and the dropout rate was low (5.6 %). This indicates that the transmission to 

the intervention diet was feasible. 

5.1.8 Strengths 

This was a randomized intervention study, with a low dropout rate. The participants met for 

the scheduled visits and had good compliance to the intervention diets. They met the same 

nutritionist each time, and it was the same nutritionists who performed the body 

measurements at each visit. Butter and margarine was handed out to the participants free of 

charge. The planned difference in SFA intake between the SFA diet group and PUFA diet 
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group was achieved. The participants reported few side effects and adverse events, and the 

participants linked few of the side effects reported to the intervention diets. 

5.2 Results 

5.2.1 Primary outcomes 

We found a significant between group difference in TC between the normal-weight and 

participants with obesity in the SFA diet group. The normal-weight had a greater mean 

change from baseline to six weeks. In the literature search conducted for this master thesis, no 

intervention studies that have analyzed if there is a difference in the lipid profile response in 

normal-weight and participants with obesity were identified. Many of the studies identified in 

the literature search had participants with a mean BMI  in the overweight category (BMI from 

25.0-29.9 kg/m
2
) (26, 35, 37, 41, 78-89).  

 

A study by Raziani et al from 2016, with participants with ≥ 2 MetS risk factors and BMI 

between 28.6-29.3 kg/m
2
, analyzed the effect of increasing the SFA intake from regular-fat 

cheese on LDL-C. The participants were randomized to one of three intervention groups with 

regular-fat cheese, reduced-fat cheese or a carbohydrate control with no cheese for 12 weeks. 

There were no significant between group differences in LDL-C after 12 weeks between the 

participants who ate regular-fat cheese and reduced-fat cheese or the carbohydrate control 

(37). This is similar to our findings, were an increased intake of SFA had no LDL-C 

increasing effects after six weeks for the subjects with obesity. The regular-fat cheese group 

had an intake of SFA of 14.2 E% and the reduced-fat cheese group had a significantly lower 

intake of SFA of 11.4 E% (37). The difference was only 2.8 E%, and this might be too small 

to cause a between group change in the LDL-C. The SFA intake was 5.2 E% higher in the 

group that ate regular-fat cheese compared to the carbohydrate control. However, the regular-

fat cheese group also increased their intake of MUFA compared to the carbohydrate control 

group. The authors suggest that the higher intake of MUFA might be a part of the explanation 

why they did not see an effect of increasing the intake of SFA (37). A possible explanation 

could be that subjects with overweight and features of MetS do not respond to an increased 

intake of SFA, similar to what we also found for subjects with obesity in our study. 
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Most studies identified in the literature search compare the difference in LDL-C after 

substituting SFA with PUFA. The study by Denke et al investigated individual cholesterol 

variation and showed that margarine intake, compared to butter intake, lowered LDL-C. The 

study was a two period crossover trial lasting for 5 weeks. Even though heavier individuals 

had higher LDL-C at baseline, they found that they had less response in the LDL-C after the 

dietary change. They raised the hypothesis that the larger endogenous pool of FA in adipose 

tissue of subjects with obesity can have an effect on the responsiveness to dietary changes 

(59). If this is true, this can be a part of the reason why the normal-weight had an increase in 

the LDL-C compared to the participants with obesity in the SFA diet group. The linear 

regression analysis preformed showed significant effects for the variable “diet group” and a 

trend for an effect of the interaction between BMI and diet group for the changes in TC, LDL-

C and Apo B from baseline to the end of the study. This shows that diet group had an effect 

on the changes in TC, LDL-C and Apo B, and that it is a trend that indicates that there can be 

an effect of the interaction between diet group and BMI for the effect in TC, LDL-C and Apo 

B.  

 

We found an augmentation in TC, LDL-C, HDL-C and Apo B from baseline to the end of the 

study after an increased intake of SFA for the subjects with normal-weight in the SFA diet 

group. Based on previous studies and the nutritional guidelines recommending substituting 

SFA for PUFA these results were as expected (24, 77, 90-92). For the participants with 

obesity in the SFA diet group there was a blunted effect of the dietary changes; they did not 

have any significant within group changes in the lipid profile. This is in accordance with some 

of the findings in the randomized study with a crossover design and two 3-week dietary 

interventions by Kralova Lesna et al in 2013 (93). They showed significant changes in TC and 

LDL-C but not in TG or HDL-C in the participants that increased their intake of SFA. A 

reason for the difference in the findings can be that they handed out all the food to the 

participants and they had an intake of 29 E% from SFA and 3 E% from  PUFA, which was a 

8.6 E% higher intake from SFA and 1.7 E% lower from PUFA than the participants in our 

study attained. All the participants were women, and they had a lower BMI 31.6 kg/m
2
 (93) 

compared to the BMI of 34.8 kg/m
2
 for the participants with obesity in the SFA diet group in 

our study. Gender can influence the changes in the lipid profile after changing the dietary 

intake of SFA and PUFA (57). The failure to include enough participants with obesity in the 
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“Cholesterol Study” may also have affected the results for the participants with obesity in the 

SFA diet group.   

 

There were no between group differences between the subjects with normal-weight and the 

subjects with obesity in the PUFA diet group. Based on previous studies and the nutritional 

guidelines recommending substituting SFA for PUFA, it was expected that the normal-weight 

would have a reduction in the lipid profile after six weeks eating a diet with reduced SFA 

intake and increase PUFA intake (24, 57, 91, 92, 94, 95). Both the normal-weight and 

participants with obesity had significant within group reductions in TC, LDL-C and Apo B of 

12.1 %, 13.3 and 7.7 % (normal-weight) and 7.9%, 7.0 % and 7.7% (obese). The normal-

weight in the PUFA diet group had a significant reduction in TG from baseline to six weeks 

of 21.4 %. The changes for the participants with obesity in the PUFA diet group are in line 

with the within group changes for the participants increasing their PUFA intake in the study 

by Kralova Lesna et al (93) described in the previous section, except for HDL-C.  The 

participants reduced their TC, LDL-C and HDL-C after three weeks of increased PUFA 

intake, while the participants with obesity in our study reduced TC and LDL-C, but had no 

significant changes in their HDL-C. Reasons for the differences in HDL-C response might be 

that we were not able to include enough participants with obesity in our study, and may not 

have had sufficient power to detect changes in HDL-C. The intake of fatty acids were 

different in the two studies, with a 1.7 % higher intake of SFA and 14.9 % lower intake of 

PUFA in our study (93).  

 

In the LIPGENE Dietary Intervention Study, they found no changes in TC or LDL-C after 12 

weeks with a reduction in the SFA intake of participants with obesity and MetS (60). Reasons 

of the different result can be that they reduced SFA intake with 8 E%, but had no changes in 

the PUFA intake in the three intervention diets compared to a SFA rich diet with 16 E% from 

SFA, 12 E% from MUFA and 6 E% from PUFA. The diet interventions in the LIPGENE 

study was a combination of a food exchange model and some study food that was handed out, 

with mainly a change in the intake of MUFA. MUFA may have a smaller effect on the LDL-

C when substituting SFA compared to when SFA are replaced by PUFA (4).  

 

When comparing the SFA diet group with the PUFA diet group in our study, there was a 

significant between group difference for both the subjects with normal-weight and the 
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subjects with obesity. The PUFA diet groups had a reduction in the TC, LDL-C and Apo B 

compared to the subjects in the SFA diet group.  

Within group changes in LDL-C  

The difference attained in the intake of SFA between the normal-weight in the SFA diet group 

and the normal-weight in the PUFA diet group was 9.1 E% at the end of the study. A 

difference of nine E% in the intake from SFA was used in the power calculation to achieve an 

expected difference of 0.4-0.5 mmol/L in the LDL-C. The power calculation were based on a 

meta-analysis were they estimated that when 10 E% from SFA were replaced with PUFA, the 

LDL-C concentration was reduced with 0.47 mmol/L (57). The difference in LDL-C at the 

end of the study for the normal-weight in the SFA diet group and the normal-weight in the 

PUFA diet group was 0.9 mmol/L (95 % CI 0.5-1.4, p < 0.001), which is almost double the 

reduction that was calculated in the meta-analysis. In the Meta-analysis, 27 studies were 

included and original articles published between 1970 and 1991 were selected. For 24 of the 

studies LDL-C could be calculated. Some of the studies had crossover design and some had a 

parallel design. Reasons for this difference in effect on the LDL-C can be that Friedewald`s 

equation was used for the calculation of LDL in seven of the studies. The calculation was 

based on the reported mean concentrations of TC, HDL-C and TG and includes the total 

accumulated measurement errors of all three variables (13), while in the “Cholesterol Study” 

LDL-C was analyzed directly. In 16 of the studies, the participants were only men, while in 

our study it was most women who participated. Gender may influence the magnitude in the 

lipid profile response (57).The age range was almost the same in the meta analysis as in the 

“Cholesterol Study”, from just below 20 years to older than 70 years.  Neither the weight nor 

the BMI of the participants included in the meta-analysis were given, and there are indications 

that body weight can influence the effect of cholesterol-lowering diets (25). There was a large 

difference in the number of days the intervention periods, 42 days in the “Cholesterol Study” 

while it varied from 14-91 days in the studies included in the meta-analysis (57). 14 days may 

be too short to attain a difference in the LDL-C because it is little time to achieve changes 

dietary habits and adhere to the dietary intervention. 91 days on the other hand may be too 

long and lead to fatigue and decreased compliance.  

For the participants with obesity, the attained difference in the intake of SFA between the 

SFA diet group and PUFA diet group was 10.2 E% at the end of the study, also reaching the 
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goal of nine E% difference in the SFA intake planned. There was a not significant difference 

in the LDL-C at the end of the study of 0.6 mmol/L between the participants with obesity in 

the SFA diet group and the participants with obesity in the PUFA diet group (95 % CI -0.1, 

1.3, p = 0.090). A sample size smaller than estimated in the power calculation reduces the 

strength of this analysis. The power calculation was based on the SYSDIET study where they 

found no significant difference in the LDL-C after participants with an average BMI of 31.6 

kg/m
2
 had eaten a “Healthy” diet or a “Control” diet for 18-24 weeks (27).  In the SYSDIET 

study, the primary endpoint was insulin sensitivity and glucose tolerance, and the use of lipid 

lowering medications was allowed. A sub group analysis without statin users gave similar 

results as with statin users included in the analysis. Baseline LDL-C in the SYSDIET study 

was 3.2 mmol/L, while it was higher in our study (4.4 mmol/L, obese SFA diet group and 4.3 

mmol/L, obese PUFA diet group). Because people with higher cholesterol levels have better 

potential for reduction (96), the participants in the SYSDIET study may have had a smaller 

potential for reduction. In the SYSDIET study, LDL- C was calculated using Friedewald`s 

equation and was based on the reported mean concentrations of TC, HDL-C and TG and 

includes the total accumulated measurement errors of all three (13). The dietary changes 

attained in the SYSDIET study was a difference of 4.3 E% in the intake of SFA at the end of 

the study and 2.1 E% from PUFA between the “Healthy” diet group and the “Control” group, 

a smaller dietary difference than in the “Cholesterol Study”. 200 participants were 

randomized in the SYSDIET study and there was a dropout rate of 27 %, much higher 

compared to 5.6 % in the “Cholesterol Study”. Age and gender of the participants in the two 

studies were similar, and the advice given to the PUFA diet group were similar to the 

“Healthy” diet group in the SYSDIET study. Despite some methodological differences, both 

studies resulted in non-significant differences in LDL-C between the two dietary intervention 

groups, but the “Cholesterol Study” did not have enough participants with obesity included 

which may have affected the results.  

One normal-weight subject reported to eat 3 grams Vita Proactive soft margarine each day 

during the intervention period. This amount may have been too small to have an effect on the 

cholesterol, as 3 grams only constitutes 12 % of the amount that gave cholesterol-lowering 

effects in a study performed by Heggen et al (43). One normal-weight subject in the PUFA 

diet group had a intake of 20 grams β-glucans two times a week during the whole study 

period. This is more likely to have an effect on the cholesterol. However, the intake was 

constant both before the study started and throughout the study period.  
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Studies have shown that the SFA from different sources of dairy products may affect the 

LDL-C differently (35, 39). Especially butter and cheese may have different effects (36). Nuts 

are rich in MUFA, PUFA and other nutrients that can have a lipid lowering effect (40-42). 

However, it is beyond the scope of this master thesis to investigate this further.  

Within group changes in TC and Apo B 

The subjects with normal-weight and the subjects with obesity in the PUFA diet group had 

significant within group changes with reductions in TC and Apo B from baseline to the end of 

the study. The meta-analysis from Mensik et al  showed that changes in TC mirrored the 

changes of LDL-C after replacing SFA with PUFA (57), which are in concordance with our 

findings. The main reason for this relation is that the changes in TC are mainly constituted by 

the changes in LDL-C.  The attained reduction in Apo B shows that the reduction in TC and 

LDL-C is concurrent with a smaller concentration of the atherogenic lipoprotein particles.  

The subjects with normal-weight in the SFA diet group had a significant within group change 

with an increase in TC and Apo B from baseline to six weeks. The increase in TC is in line 

with findings in previous studies with normal-weight participants that increased their intake of 

SFA and with the nutritional guidelines recommending reducing the intake of SFA (24, 77, 

90-92). The changes in Apo B paralleled the changes in LDL-C for the normal-weight 

participants in the SFA diet group, also seen in the study by Tonstad et al (69). 

Within group changes in HDL-C 

The subjects with normal-weight in the SFA diet group had a significant within group change 

in HDL-C from baseline to the end of the study (Table 4.4). The normal-weight in the SFA 

diet group had a significant within group change with an increase in the waist circumference 

of 1.2 cm from baseline to the end of the study, and a significant increase (1.7 cm) compared 

to participants with obesity in the SFA diet group. The subjects with normal-weight in the 

SFA diet group had a significant increase in HDL-C, but this may had been even greater if 

they did not have the increase in the waist circumference. The normal-weight in the SFA diet 

group had a significant reduction in the carbohydrate intake in E% during the study and a 

significant increase of the intake of fat in E%. Replacing carbohydrates with fat raises HDL-C 

(57), and this can be a part of the reason why this group had significant within group increase 

in the HDL-C. 
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The participants in the PUFA diet group did not have any significant changes in the HDL-C. 

If the intake of SFA is reduced and the intake of PUFA concurrently is increased, this may 

lead to only small changes in the HDL-C (57).  

Within group changes in TG 

The subjects with normal-weight in the PUFA group had a 21.4 % reduction in TG from 

baseline to the end of the study. This may be explained by a significantly higher intake of n-3 

FA at six weeks compared to the beginning of the study, because long chain fatty acids 

(eicosapentaenoic acid and docosahexaenoic acid) have showed to lower TG (12, 16, 32, 97). 

The normal-weight in the PUFA diet group started higher in TG; 1.4 mmol/L compared to the 

normal-weight in the SFA diet group (1.1 mmol/L), although this difference was not 

significant it may have given a greater potential for reduction. They had a weight reduction of 

1.1 kg, the same as the participants with obesity in the PUFA diet group. In percentage, the 

normal-weight had a weight reduction of 1.6 % and the participants with obesity reduced their 

weight with1.2 %. However, this weight reduction might be too small to cause the reduction 

in TG, as a weight loss of 5-10 % may be needed to reduce TG with 25 % (16). The intake of 

carbohydrates, especially sugar, and alcohol has effects on the concentration of TG in the 

blood (16). A reduction in the sugar intake from baseline to six weeks can have influenced the 

changes in the TG values. There were no significant changes in the alcohol intake. All these 

factors can have contributed to the observed reduction in TG for the normal-weight 

participants in the PUFA diet group.  

5.2.2 Secondary outcomes 

Dietary intake 

There were no significant differences at baseline, except for a significantly higher sugar 

intake (E%) for the normal-weight in the PUFA diet group compared to the normal-weight in 

the SFA diet group. The participants started with a baseline intake of SFA between 14.3-15.9 

E% which is  1.3-2.9 E% higher than in the NORKOST 3 investigations where the average 

intake was 13 E% (48). The dietary intake at baseline for the participants in the “Cholesterol 

Study” was close to the intake of the participants in the NORKOST 3 investigation for PUFA 

(E%), protein (E%), sugar (E%) and fiber (grams). The intake of SFA (E%), fat (E%), MUFA 
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(E%) and alcohol (grams) were higher for the participants in the “Cholesterol Study” 

compared to the NORKOST 3 data. The intake of PUFA (E%) and carbohydrates (E%) were 

lower compared to the NORKOST 3 data. For the normal-weight subjects, the energy intake 

was lower and for the participants with obesity it was similar to the NORKOST 3 data (48). In 

both the NORKOST 3 data and for the participants in the “Cholesterol Study” the intake of 

SFA (E%) was higher than the recommendations and the intake of carbohydrates was lower 

than the recommendations (24). The intake of fiber was just below 25 grams/day for the 

participants in the “Cholesterol Study”. This means that the dietary intake at baseline in the 

“Cholesterol Study” is quite similar to the intake in NORKOST 3, and follows the Norwegian 

dietary recommendations except for the intake of SFA, carbohydrates and fiber (24, 48). 

Based on the seven days food registrations, the compliance to the diets was satisfactory. After 

the dietary intervention period, the PUFA diet group had an average intake of 10.5 E% 

(normal-weight) and 10.2 E% (obese) from SFA. This is just above the Norwegian 

recommendations for SFA intake, which recommends limiting the intake of SFA to less than 

10 E% (24). The subjects reduced their intake of SFA with 3.8 E% (normal-weight) and 5.7 

E% (obese) from baseline to the end of the study. This was achieved with dietary guidance 

from a nutritionist every other week and a close follow up. That they did not achieve a greater 

reduction in SFA when participating in this study, were they were instructed to avoid sources 

of SFA and choose low fat food items, shows how difficult it can be to avoid SFA in the diet.  

Changes in body weight 

The participants in the study were given individual advice for weight stability, were weighed 

every other week and were closely followed up. The participants in the PUFA diet group lost 

1.1kg during this six-week long study. They were advice to choose low fat product and to 

increase the calorie intake from food items rich in PUFA. Despite this focus on weight 

stability, both the normal-weight and participants with obesity the PUFA diet group lost 

weight during the study period, which can indicate that it may be easier to lose weight when 

eating a diet rich in PUFA than SFA. 

The weight reduction of 1.1 kg during the study may have affected the response in the lipid 

profile. In percentage, the 1.1 kg weight reduction constitutes a weight reduction of 1.6 % for 

the normal-weight and 1.2 % for the participants with obesity in the PUFA diet group. It has 

been estimated that a weight loss over 5 % has an effect on the lipid profile (3, 12, 16). The 
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effect of weight reduction was statistically analyzed in the linear regression analysis, and was 

not significant (data not shown).  

5.2.3 Post hoc analysis 

Non HDL-cholesterol 

Non HDL- C was calculated as an additional marker for the risk of CVD, and it is suggested 

to be a better marker for predicting CVD risk than LDL-C (14-16). There was a significant 

between group difference between the normal-weight and participants with obesity in the SFA 

diet group for non HDL-C at the end of the study (Table 4.10). For the normal-weight in the 

SFA diet group there was a significant increase in the non HDL-C. For both the normal-

weight and the participants with obesity in the PUFA diet group there was a significant 

reduction in non HDL-C. The attained reduction in non HDL-C for all the participants in the 

PUFA diet group was similar to the reduction in non HDL-C found in the SYSDIET study. 

The observed change in non HDL-C in the SYSDIET study was estimated to give a 10 % 

reduction in the CVD risk in the Healthy diet group (27). 
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6 Implications  

There is limited data available to explain the differences in lipid response between people 

with obesity and normal-weight that are observed in some studies after altering the intake of 

SFA. It is important to determine if there is a difference in the response, because if this is the 

case different nutritional recommendations for people with normal-weight and people with 

obesity should be developed. In this study, we investigated the effect of changes in the diet on 

multiple biomarkers. Studies on how diet affects CVD are important conduct, as biomarkers 

are only associated with CVD and are not perfect for predictions of CVD. However, it is a 

strength to analyze multiple biomarkers compared to one single biomarker alone.  
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7 Conclusions 

Currently, there are gaps in research on whether people with normal-weight and people with 

obesity respond differently to lipid-modifying diets. The intention of the “Cholesterol Study” 

was to investigate the changes in lipid profile between weight stable, non-statin treated 

subjects with normal-weight (BMI < 25 kg/m
2
) and subjects with obesity (BMI 30-45 kg/m

2
) 

eating a diet with either SFA or PUFA.  

For the subjects that increased their intake of SFA there was a difference in the response in 

TC between normal-weight and the subjects with obesity. For normal-weight subjects with 

elevated LDL-C increasing the intake of SFA to 19.6 E% lead to a significant increase in TC, 

LDL-C, HDL-C and Apo B while increasing the intake of PUFA to 9.9 E% gave beneficial 

changes in TC, LDL-C, Apo B and TG. For the subjects with obesity and  elevated LDL-C, 

increasing the intake of SFA to 20.4 E% did not significant change the lipid profile, while 

increasing the intake of PUFA to 10.1 E% lead to a reduction in TC, LDL-C and Apo B. This 

means that for participants with obesity, eating PUFA were beneficial for the lipid profile 

while SFA were neutral. The reduction in the lipid profile is associated with a risk reduction 

for the development of CVD.  A failure to include enough participants with obesity reduced 

the strength of these conclusions. More clinical research on humans is needed, especially 

because of the expected future rise in obesity.    
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9 Attachments 

Attachment 1 “Telephone interview form” 

 

 



69 

 

Attachment 2 “Presentation about cholesterol and food - PUFA”, reviewed with the 

participants after the randomization. 
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Attachment 3 “Presentation about cholesterol and food - SFA”, reviewed with the 

participants after the randomization. 
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Attachment 4 “Kostliste -PUFA” Handed out after the randomization. 
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Attachment 5 “Kostliste -SFA” Handed out after the randomization. 

 



77 

 

 

 

 

 

 

 

 

 

 

 

 



78 

 

Attachment 6 “Dietary questionnaire – PUFA” 
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Attachment 7 “Dietary questionnaire – SFA” 
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Attachment 8 “Consent form”
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Attachment 9 “Dietary intervention information – PUFA” Handed out after the 

randomization.  
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Attachment 10 “Dietary intervention information – SFA” Handed out after the 

randomization. 
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Attachment 11 “Ethical approval from the National Committees for Research Ethics in 

Norway”. 
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Attachment 12 “Advertisement for the study” 

 

  


