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Abstract 

Background: Coronary heart disease (CHD) is a major cause of death both in Norway and in 

the world. Current Norwegian guidelines advocate that health care resources target 

individuals with an increased risk of said disease such as primary relatives of subjects with 

premature CHD (men before the age of 55 years and women before the age of 65 years). 

There is limited data on interventions that target young adults with an increased risk of CHD 

aged below 40 years of age. 

Aim: To assess the effects of one time dietary advice and intensive smoking cessation aid in 

young individuals with increased risk of premature CHD after 16 weeks. The primary aim 

was to detect a difference in change overtime in pre-selected cardiovascular risk factors  

(total-, LDL- and HDL-cholesterol, triglycerides, blood pressure, weight and waist-to-hip 

ratio) between randomised groups. The secondary aims were to assess the within group 

changes in these cardiovascular risk factors and to assess the association between group 

allocation and smoking cessation. 

Method: The study was a randomised trial designed to test a simple intervention given once 

at baseline with no follow-up visit in between randomisation and the final visit. The 

intervention group received personalised dietary counseling based on a food frequency 

questionnaire at baseline from a registered dietitian. Subjects in the control group answered 

the food frequency questionnaire but did not receive any dietary advice during the trial. The 

smoking cessation intervention was administered by a physician. Smokers in the intervention 

group received intense smoking cessation aid including the use of pharmacotherapy and 

recurrent telephone contact. The control group received only routine smoking cessation 

advice. Smoking status was self-reported and smoking cessation confirmed by measured 

exhaled carbon monoxide (CO) levels. 

Results: A total of 161 men and women with a mean age of 31 (SD: 6) years were included in 

the study out of which 149 subjects completed the trial. The mean duration for participation in 

the trial was 20 weeks. No difference in change overtime in any of the cardiovascular risk 

factors was seen between the intervention- and the control group. In the intervention group, 

there was a reduction in systolic blood pressure (SBP) by -4.50 mmHg (95% CI: -6.36; -2.63) 

and diastolic blood pressure by -2.50 mmHg (95% CI: -4.38; -0.69). There was also a 
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reduction in SBP in the control group by -2.5 (95% CI: -4.38; -0.69) and an increase in HDL-

cholesterol by 0.05 mmol/l (95% CI: 0.01; 0.08). At baseline the prevalence of smoking was 

16% and 30% in the intervention and the control group, respectively (P=0.88). At the end of 

the trial six subjects in the intervention group and six subjects in the control group reported 

having quit smoking, which was confirmed by CO measurements. Group allocation was not 

associated with smoking cessation (P=0.86).  

Conclusion: The results of the trial indicate that dietary advice given once and intense 

smoking cessation aid was insufficient to significantly improve cardiovascular risk factors in 

young adults with increased risk of premature CHD after 20 weeks compared to controls.  
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1 Background 

1.1 Coronary heart disease (CHD) 

Coronary heart disease (CHD), also known as coronary artery disease, is a subgroup of the 

umbrella term cardiovascular disease (CVD). CHD is defined by the World Health 

Organization (WHO) as disease of the blood vessels supplying the heart with oxygen and 

blood (1). An acute CHD event incorporates the diagnoses angina pectoris and myocardial 

infarction (2). 

CHD contribute to the majority of deaths caused by CVD in the world (3;4). In the year of 

2010 CVD accounted for roughly 35 percent of total deaths in Norway in all ages (5) with 

CHD as the central subgroup (6). Although there has been a positive trend in cardiovascular 

related mortality and morbidity from an epidemiological viewpoint CHD continues to be a 

central cause of death in Norway (6). 

Prevention of CHD should commence at an early age (7) since future risk is attributable to the 

modifiable cardiovascular risk factors (8-10). Non-modifiable risk factors, such as family 

history, cannot be modified by choice and consequently the adjustment of diet, physical 

activity level and tobacco use is essential for primary prevention. Furthermore, according to 

the European Heart Network and WHO a vast majority of premature deaths from CHD could 

be prevented through favorable changes in these three modifiable risk factors (1;3;11). 

1.1.1 Risk factors for CHD 

Genetics 

A family history of parental premature CHD is an independent non-modifiable risk factor in 

first-degree relatives (12;13). Furthermore, family history of CHD has been linked with a 

clustering of other independent cardiovascular risk factors (14;15) which may further 

predispose relatives to an increased risk. Genetic disorders in lipoprotein metabolism (such as 

familial hypercholesterolemia) also predisposes individuals to an increased risk of CHD due 

to increased concentrations of atherogenic LDL-cholesterol (LDL-C) (16) caused by 

abnormalities in the regulators of cholesterol homeostasis (17).  
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Gender 

Although the incidence of CVD is equal irrespective of gender (18) women develop CHD 

later in life compared with men. This difference has been attributed to a genetic advantage 

since women have more favorable levels of endogenous estrogen and favorable levels of high 

density lipoprotein cholesterol (HDL-C) (19).  

Age 

Advancing age is a risk factor for CVD (18) and consequently for CHD since increasing age 

augments and prolongs an individual’s exposure to modifiable risk factors. 

Elevated blood pressure 

A systolic blood pressure (SBP) below 120 mmHg and a diastolic blood pressure (DBP) 

below 80 mmHg is defined as optimal (20) while a SBP of  >140 mmHg and a DBP of >90 

mmHg is defined as hypertension. Hypertension is associated with CHD and an increased risk 

of CHD events (21) due to its hardening of the arteries. Hypertension is often clustered 

together with other cardiovascular risk factors such as obesity (22). Although blood pressure 

increases with age (23) and genetics may predispose to hypertension (24) it is influenced by 

diet (25;26) and physical activity (27).  

Cholesterol 

Although cholesterol has important structural- and metabolic functions in the body (28), a 

dysfunctional cholesterol homeostasis is believed to be an integral part in the inflammatory 

progression that is the origin of CHD (29). Cholesterol homeostasis is regulated through the 

action of different lipoproteins, as is shown in Figure 1. The different classes of lipoproteins 

are chylomicrons (CM), very low density lipoprotein (VLDL), intermediate density 

lipoprotein (IDL), low density lipoprotein (LDL) and high density lipoprotein (HDL). In the 

clinic, their corresponding levels in blood are measured as TG, LDL-C and HDL-C. Total 

cholesterol (TC) is an overall measurement including all the lipoprotein classes.  

The cholesterol homeostasis is facilitated by the main protein constituents of lipoproteins 

known as apolipoproteins. Apolipoproteins control lipoprotein metabolism by allowing them 
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to be recognised by different cell-specific receptors and by facilitating their uptake of TG 

from other lipoproteins (30;31).  

 

Figure 1. The pathway of lipoprotein metabolism. a) Dietary fat is absorbed in the intestine and 

transported as exogenous TAG by chylomicrons to the liver. APOC2 facilitates the uptake of TAG 

rendering energy available for peripheral tissue by activating LPL (31). Receptors on the liver 

facilitate hepatic uptake of chylomicron remnants where APOE is the mediator of remnant clearance. 

b) VLDL transports endogenous TAG from the liver to the peripheral tissue. Once VLDL becomes a 

remnant, it may either undergo hepatic uptake or convert into LDL. Excess cholesterol is returned to 

the liver either directly by reverse cholesterol transport mediated by LCAT or indirectly by transfer 

from HDL-C onto LDL or VLDL mediated by cholesterol ester transfer protein (30). 

Abbreviations: TAG (triacylglycerol), CE (Cholesterol esters), PL (Phospholipids), LPL (Lipoprotein 

lipase), FA (peripheral tissue), APOE/-C2 (Apolipoproteins), LCAT (lecithin-cholesterol 

acyltransferase), HDL (High Density Lipoprotein), VLDL (Very Low Density Lipoprotein), LDL 

(Low Density Lipoprotein), LRP (LDL-R-related protein), LDL-R (LDL-receptor).  

This figure was originally published in (32). Permission to reprint it in this master thesis was obtained 

from Elsevier Limited. 

Total cholesterol and LDL-cholesterol 

It is believed that the circulating levels of VLDL, IDL and LDL are integrated in the 

development and progression of CHD (29;33). Since TC incorporates all atherogenic 

lipoproteins; lowering of both TC and LDL-C concentrations in blood are associated with a 

CHD risk reduction (34;35). Elevated levels of circulating TC (37-39) as well as of LDL-C 

(36) have been associated with an increase in CHD events. 
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LDL is the primary cholesterol carrier and distributor of cholesterol in the blood (30). It is 

often referred to as the “bad cholesterol” (18) since LDL is believed to facilitate the 

development of CHD by being prone to oxidation, which may promote inflammatory 

processes inside of the coronary arteries. Nevertheless, the exact mechanism is still not fully 

understood (29). Due to LDL’s proposed atherogenic properties it has become the foremost 

risk factor in preventive strategies (40). For instance a 1 mmol/l reduction in LDL-C sustained 

for five years could alone reduce the incidence of cardiovascular events by 23% (34). It has 

been suggested that reductions in LDL-C are beneficial even at very low baseline 

concentrations (41). 

HDL-cholesterol 

HDL-C is alleged to be an important risk factor for CHD (40;42) although recent research 

(43) has suggested that its protective effect is dependent on the absence of apolipoprotein C-

III. HDL is commonly called the “good” cholesterol (18) due to its involvement in reverse 

cholesterol transport from peripheral tissue to the liver. In addition HDL is believed to have 

antioxidant effects (29) and carries the enzyme paraoxonase and apolipoprotein AI which 

have been shown in vitro to render cells unable to oxidize LDL (44). Although there are 

several sub fractions of HDL, it is HDL-3 and HDL-2 that are the most abundant (45).  

Triglycerides 

Elevated TG concentrations have been associated with obesity and overweight, excess alcohol 

intake and very-high carbohydrate diets (46). Although TG is a marker of the circulating 

levels of atherogenic CM, VLDL and their remnants the American Heart Association (AHA) 

recently published a statement (46) concluding that TG is not straightforwardly atherogenic 

but nevertheless an important biomarker of cardiovascular risk.  

Other potential CHD risk factors 

Some of the other potentially important markers to estimate CHD risk are apolipoproteins and 

lipoprotein (a) (Lp(a)) (40). 

Apolipoprotein B (apoB) is the main protein constituent of IDL, VLDL and LDL and is 

consequently regarded as a potential cardiovascular risk marker (40).  
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Lpa(a) is another potential risk marker for CHD (47;48) and the European Atherosclerosis 

Society recommends that Lp(a) is assessed once in individuals with a family history of CVD 

(40). Although it is to most extent determined by genetics, cholesterol-lowering drug 

treatment may induce a reduction in Lp(a) levels (48).  

The TC/HDL-C ratio is another potential predictor of CHD risk (19). A TC/HDL-C ratio of 

less than five has been suggested by the Norwegian Guidelines for Primary Prevention of 

CVD as a satisfactory ratio in both men and women (49).  

Overweight and obesity 

Overweight and obesity are caused by a chronic energy intake exceeding metabolic 

requirements and both are associated with an increased cardiovascular risk (22). Furthermore, 

although obesity has been associated with hypertension and high serum cholesterol (50) a 

weight loss can induce favorable reductions in both (51-53). To which extent overweight and 

obesity affect cardiovascular risk can be estimated by Body Mass Index (BMI), abdominal 

obesity or waist-to-hip ratio (WHR). A WHR of >90 centimeters (cm) in men and >85 cm  in 

women is defined by the WHO as a ratio that substantially increases the risk of metabolic 

complications. Nevertheless WHO regard all three as equally important risk factors to predict 

cardiovascular risk (54). 

Metabolic syndrome 

The metabolic syndrome (MetS) is a syndrome characterised by a clustering of cardiovascular 

risk factors and consequently cardiovascular risk (50). The syndrome was first defined by 

WHO (55) although the most recent definitions are the ones proposed by the International 

Diabetes Federation (IDF) (56) and the American Heart Association (AHA) (57). The 

definitions are very similar and both include the cardiovascular risk factors blood pressure, 

triglycerides (TG), HDL-C, glucose and abdominal obesity. The IDF defines abdominal 

obesity as an independent risk factor while the AHA defines all risk factors as equal. 

Furthermore, IDF has cut-off values for abdominal obesity that are specifically suited for use 

in European populations. At present there are no specific guidelines for which definition of 

the metabolic syndrome is the most appropriate for use in the Norwegian population                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

(49).  
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Diet 

Dietary cholesterol 

Dietary cholesterol is abundant in animal foods such as eggs and shrimp. Although higher 

intakes of dietary cholesterol has been associated with increased serum cholesterol levels 

WHO concludes that the effect in itself is negligible when compared with other more 

important dietary risk factors (22). Nevertheless, dietary cholesterol intake is generally 

recommended to be limited since there is an individual response. 

Total fat intake 

Dietary fat is categorised as saturated fatty acids (SFA), monounsaturated fatty acids 

(MUFA), polyunsaturated fatty acids (PUFA) and trans fatty acids (TFA) (30). Total fat 

intake in itself is unlikely to be directly linked to CHD (58;59) but rather it is the fatty acid 

composition of a diet that influence cardiovascular risk and risk factors. A restriction in total 

fat intake is a means to limit dietary intake of TFA and SFA which both increase TC and 

LDL-C. However a natural consequence of a reduction in fat intake is that HDL-cholesterol 

levels are lowered (60) and moderate fat diets may therefore induce more favorable effects on 

blood cholesterol levels if SFA and TFA are substituted with other fatty acids instead of 

reduced (61;62).  

Saturated fat 

Although SFA intake affects blood cholesterol levels adversely (63) the direct link between 

SFA and CHD is still a controversial subject (59). Not all SFA promote an adverse increase in 

TC and LDL-C (58) although the SFA that do are widespread in the western diet (30). 

Consequently there is a general recommendation to limit dietary intake of all SFA (3;22;64) 

since non respondence to changes in SFA intake is rare (65).  

Trans fatty acids 

TFA, particularly those with an industrial origin (58), are known to increase LDL-C, lower 

HDL-C (22) and increase cardiovascular risk (58;59).        
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Monounsaturated fat 

MUFA appear to have more of a neutral effect on CHD risk than a protective one (58;66). 

Nevertheless substitution of SFA for MUFA may elicit favorable reductions in LDL-C and 

increases in HDL-C (58).  

Polyunsaturated fat 

PUFA is a frequently promoted substitute for SFA since it is known to reduce CHD risk when 

replacing SFA in the diet (58;59;67). In addition it induces a beneficial reduction in TC (68) 

and consequently LDL-C without adversely affecting TG levels (60). The two main 

subgroups of PUFA nevertheless differ in their observed effect on CHD risk.  

The two subgroups of PUFA are omega-3 fatty acids and omega-6 fatty acids which are 

believed to be anti-atherogenic (66). Omega-3 is mainly found in fatty fish while omega-6 is 

abundant in vegetable fats. According to the Food and Agriculture Organization, intake of the 

omega -3 fatty acids eicosapentaenoic- (EPA) and docosahexaenoic acid (DHA) may aid in 

the prevention of CHD (58). In contrast the Norwegian Directorate of health state that there is 

convincing evidence that EPA and DHA reduce CHD mortality (69) and that an intake of at 

least 200 grams of fatty fish per week is recommend due to its richness in EPA and DHA. 

Fish is also an effective method for reducing elevated TG levels (70). 

Omega-6 fatty acids have recently been challenged to increase CHD risk (71). Nevertheless 

current guidelines recommend that at least five percent of omega-6 fatty acids are 

incorporated into the diet (72) although a lower intake is not necessarily harmful (73).  

Carbohydrates 

Many dietary guidelines advocate that 50 to 60 percent of the energy intake should come from 

carbohydrates (CHO) (64;74;75) mainly constituting of whole grain, vegetables, legumes and 

fruit. CHO may however exert a negative, TG increasing effect in diets where the CHO intake 

exceeds 60% of the daily energy intake (19).  

Fruits, vegetables and berries 

According to the WHO there is convincing evidence that fruits, vegetables and berries reduce 

the risk of CVD (76). Furthermore, in the EPIC-Heart study each portion of fruit was 
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associated with a four percent risk reduction of ischemic heart disease (IHD) (77). The exact 

mechanisms behind the reduced risk is unknown but fruits, vegetables and berries are rich in 

phytochemicals; potent antioxidants that may reduce oxidative stress and therefore potentially 

also inhibit oxidation of LDL (69). In addition they are abundant in potassium (22), a nutrient 

associated with blood pressure lowering effects. Although simply increasing fruit and 

vegetable intakes have negligible effects on blood pressure in non-hypertensive subjects (25) 

an increased intake does induce beneficial reductions in hypertensive subjects (25;26). 

Fiber 

Cohort studies link total fiber intake from fruits and cereals with a reduced CHD risk (78) and 

soluble fibers appear to be effective in reducing TC and LDL-C levels according to the 

American Dietetic Association (ADA) (79), although their conclusion is limited to studies 

evaluating the effects of added oats and psyllium. Whole grain may have cardio protective 

attributes (69;80) despite its negligible effects on blood lipids (81). 

Plant sterols 

Plant sterols (phytosterols) can exert a TC- (79) and LDL-C lowering effect that appears to be 

the most pronounced in individuals with high baseline concentrations (82).  

Nuts 

Incorporating nuts into the diet may induce small to moderate reductions in TC and LDL-C 

(79). According to the recent Norwegian dietary guidelines 140 grams of nuts each week 

reduces CHD risk (69). In contrast the WHO (76) and the ADA (79) make less absolute 

conclusions, simply suggesting a probable cardiovascular benefit. 

Alcohol intake 

The relationship between total cardiovascular mortality and alcohol intake is j-shaped (83) 

and abuse may induce hypertriglyceridemia (46), which is associated with unfavorable 

concentrations of atherogenic lipoproteins. 
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Tobacco 

Tobacco is not only the leading cause of premature death in the world but is also associated 

with an increased risk of CHD (84;85), especially among individuals younger than 50 years of 

age. In addition to a direct increased morbidity and mortality risk, tobacco smoke also 

increases risk indirectly by inducing distress of the cells lining the arteries (7) and by reducing 

circulating HDL-C levels (86;87). Although smoking cessation produces beneficial increases 

in HDL-C and reduction in CHD risk regardless of previous smoking habits (84;87) 

termination is difficult and cause withdrawal symptoms in quitters (88).  

Through the use of tobacco individuals are exposed to the addictive drug nicotine. Nicotine is 

a drug that induces a pharmacotherapeutic dependence through its actions on the reward 

system of the brain. Nicotine is rapidly absorbed and transported via the airway system into 

the circulatory system where it is subsequently conveyed to the brain. Once having diffused 

into the brain, nicotine binds to nicotinic acetylcholine receptors which promote the release of 

neurotransmitters and dopamine that mediate an additive response in combination with 

various pleasurable cognitive effects (89). Abstinence of nicotine consequently causes a 

reduction in the release of dopamine and induces withdrawals symptoms such as irritability, 

increased appetite and a craving for more tobacco. 

Approved smoking cessation aids in Norway are nicotine replacement therapy, Varenicline 

and Bupropion (49). Nicotine replacement therapy reduces withdrawal symptoms by 

maintaining nicotine induced stimulatory effects. Varenicline suppresses nicotine stimulation 

by inhibiting its uptake from nicotinic acetylcholine receptors (88) and Bupropion is an anti-

depressant nicotine receptor antagonist (90). The National Guidelines for Prevention of CVD 

recommend that a smoking cessation intervention should be offered to any patient who is 

motivated to quit smoking. Furthermore that the intervention should consist of information 

with regards to pharmacotherapy, local smoking cessation aid self-help resources and follow-

up visits (49). 

Physical activity 

Physical activity reduces blood pressure (27) and increases HDL-C (91). Physical inactivity is 

an independent risk factor for CHD (18).  



25 

 

1.1.2 Pathogenesis of CHD 

Atherosclerosis is a multi-factorial, inflammatory disease with a complex underlying 

pathogenesis (18;92) that is accountable for all CHD events and deaths (18). The progression 

of atherosclerosis is initiated and facilitated already during the first decades of life (93;94) by 

the presence of the different cardiovascular risk factors (95;96). 

Although the exact pathogenesis of atherosclerosis is uncertain (29) endothelial dysfunction 

may be involved in the initial steps of its development since the homeostasis of the vascular 

wall is maintained by the endothelium (92;97). The endothelium regulates necessary various 

mechanisms, such as vascular tone and –permeability, by producing vasodilating eicosanoids 

and peptides as well as the potent antioxidant nitric oxide (97;98). However, if the 

endothelium becomes exposed to aggravating stimuli such as elevated blood cholesterol 

levels (99) its vasodilating properties may become inhibited (97). Inhibition of normal 

endothelial function may promote compensatory responses such as an increase in endothelial 

permeability (97) and mediate the expression of adhesion molecules (such as VCAM-1) (100) 

that attract leukocytes (mainly monocytes and T-leukocytes) (100;101) to migrate into the 

intima. Once inside the intima, monocytes can differentiate into macrophages and commence 

ingesting any present sub endothelial atherogenic lipoproteins (29) and thereby facilitate the 

formation of “foam cells” and initial stages of atherosclerotic lesions (93).  

Accumulation of leukocytes inside of the intima is suggested to be the foundation of a 

continuous inflammatory state where different cytokines, enzymes and growth factors 

promote the migration of smooth muscle cells into the intima. Ultimately this advances the 

formation of a weak fibrous plaque with a lipid core filled with pro-thrombotic debris 

(100;101). Clinical manifestations of atherosclerosis occur once the plaque ruptures and the 

circulation becomes exposed to its contents, which may induce the formation of a thrombus  

that can occlude an artery and cause acute CHD complications. Likewise, a plaque may also 

cause an acute event if it grows thick enough to occlude the arterial lumen and restrict blood 

flow to the heart. 
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1.2 Prevention of CHD by risk factor modification 

According to recent European guidelines on CVD prevention in clinical practice “dietary 

modification should form the basis for CVD prevention” (7). Although risk factor 

modification is an essential factor in the primary prevention of CHD there is, to the 

knowledge of this master student, only two available randomised primary prevention trials in 

an outpatient care setting with a primary aim to assess the effects of lifestyle advice on hard 

coronary endpoints in subjects without pre-existing CHD (102;103).  

The Oslo Study Diet and Antismoking Trial 

In the Oslo Study Diet and Antismoking Trial, a five year primary prevention trial, Hjermann 

et al (102) executed an intervention with the primary aim to reduce the incidence of CHD. 

Subjects were normotensive hypercholesterolemic men aged 40-49 years with a high risk of 

CHD. The men were randomised to an intervention and a control group. The intervention 

group received general heart-friendly food based advice including advices to choose lean 

meats, skimmed fat milk, fatty fish and vegetable oils for food preparation. Anti-smoking 

advice was given to smokers in the intervention group. It was not stated in the original trial if 

the control group received any diet or anti-smoking advice. Follow-up visits were scheduled 

for every six months in the intervention subjects and for every twelve months for controls. At 

the end of the five year period, the incidence of fatal- and non-fatal clinical coronary events 

was 47% lower in the intervention group compared with the control group. After an additional 

three and a half years (104) the difference in incidence of total coronary events remained 

significant between the two groups in spite of counseling having ceased at the five year mark 

and the majority of smokers having reversed back to their previous smoking status. However, 

after 23 years of follow-up there was no longer a significant difference in IHD mortality 

between the groups (105). 

Multiple Risk Factor Intervention Trial (MRFIT) 

In the MRFIT study (103) men aged 35 to 57 years with an increased risk of CHD, but with 

no previous clinical evidence of it, were recruited and randomised to “special” or usual care 

for treatment of their cardiovascular risk factors. The special care group received intense 

smoking cessation aid and nutritional counseling modified to achieve lifelong behavioral 

changes in cooking, grocery shopping and eating patterns. The intervention intended to reduce 
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SFA and dietary cholesterol intake and to increase PUFA intake modestly. Controls received 

no intervention programme but nevertheless usual care. Subjects in the intervention group 

were seen at least every four months while the controls were monitored on a yearly basis. 

After approximately seven years there were significant differences in CHD risk factors 

between the treatment groups but no apparent benefit for the intervention group with regards 

to CHD mortality. However, when Gump et al (106) compared compliers to the yearly 

attendances with non-compliers he concluded that there was a significant benefit for the 

special intervention group with regards to cardiovascular mortality. Furthermore, that poor 

adherence to follow-up visits was on overall associated with unfavorable effects or 

cardiovascular risk regardless of group allocation. 

Primary prevention of CHD in women 

Previously mentioned trials have only included men. Since men develop CHD approximately 

ten years before women do (18) trials involving men require less resources and time to 

achieve enough clinical endpoints to detect a significant treatment difference. Although there 

are no randomised trials including only women with CHD as the primary endpoint, the 

Women’s Health Initiative (WHI) aimed to reduce the overall incidence of common non-

communicable diseases (107) which also included CVD. 

Howard et al (108) assessed the effects of the WHI dietary modification trial on CHD risk by 

including data for all of the 48 835 randomised postmenopausal women aged 50 to 79 years. 

Although the dietary trial in itself did not primarily intend to prevent incidence of CHD the 

dietary intervention included several heart-friendly food components; a reduced fat intake, an 

increased intake of fruits, vegetables and grains. If randomised to the intervention group, 

women were given dietary advice during 18 group sessions for the first year where they were 

counseled to reduce their fat intake below 20 energy percent of their total calorie intake. No 

specific dietary advice with respect to fat quality or dietary cholesterol intake was given. 

Counseling continued subsequently every quarter of each year for intervention subjects while 

control subjects only received health related materials once and no active intervention 

programme. Intention to treat (ITT) analysis revealed significant differences in change in the 

major CHD dietary components; SFA, PUFA, dietary cholesterol, fiber, fruits and vegetable 

intake, nuts and grains. Nevertheless, in spite of this Howard found no significant difference 

in CHD incidences regardless of exclusion or inclusion of women with baseline CVD (3.4%). 
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Additional analyses however suggested a trend for a reduction in CHD risk for women who 

had the lowest intake of SFA and the highest intake of fruits and vegetables. Howard 

concluded that the intervention might have been inadequate to reduce CVD risk and that the 

intervention diet might have produced better results if aimed at a younger population.  

1.2.1 Primary prevention in young adults with an elevated risk of 

premature CHD 

Young adults (aged <40 years) have a low absolute risk of CHD and are consequently 

underrepresented in clinical trials (109). However, young adults may even so present with a 

clustering of cardiovascular risk factors that may go unnoticed by the health care system until 

clinical manifestations are evident at an older age. Especially young adults with a family 

history of CHD who might have a higher prevalence of other risk factors as well. 

There is currently only one trial available that has assessed the effects of lifestyle intervention 

in adults aged below 40 years with a familial risk of premature CHD (110). In this 

randomised lifestyle trial Tonstad et al recruited CHD free young adults with suboptimal lipid 

profiles. Adults randomised to intervention received personalised dietary advices and one to 

four group counseling sessions focusing on the different aspects of a heart-friendly diet (fat, 

fruits and vegetables, physical exercise and motivation). In addition, intervention subjects 

received anti-smoking advice, intensive smoking cessation aid including follow-up visits at 

the clinic and pharmacotherapy aid. Controls received brief routine lifestyle advices. After a 

mean duration of eight months the intervention group achieved significantly different 

reductions in LDL-C, intake of SFA and intake of dietary cholesterol compared with the 

controls. Furthermore, while nine smokers quit smoking in the intervention group none did in 

the control group. In addition the intervention group had significantly lower concentrations of 

markers of endothelial stress than did the controls. 
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2 Aim, hypotheses and assignments 

2.1 The “18 to 39” study (1839-S) 

The “18 to 39” study (1839-S) is an ongoing study at Preventive Cardiology, Oslo University 

Hospital. The study is an extension of the predecessor trial published by Tonstad et al in the 

year of 2005 (110). The aim of the 1839-S is to compare the effects of one time individually 

specified life style advice by a physician and a registered dietitian versus routine advice on 

established risk factors for CHD (total cholesterol, HDL-cholesterol, LDL-cholesterol, 

triglycerides, waist-to-hip ratio, weight, blood pressure and smoking status) after 16 weeks in 

men and women in the ages of 18 to 39 with increased risk of premature CHD.  

There exists no study protocol for the 1839-S. As a consequence all information presented in 

this thesis, with regards to aim, method and design, was based on the recollection of 

information. 

2.2 Aim of the master thesis 

This master thesis is based on the 1839-S participants recruited in the 1839-S so far. The pre-

specified aim of this thesis was: 

 To compare the effects of one time dietary counseling and smoking cessation aid 

versus routine smoking cessation advice and no dietary counseling on established 

risk factors for CHD (total cholesterol, HDL-cholesterol, LDL-cholesterol, 

triglycerides, waist-to-hip ratio, weight, blood pressure and smoking status) after 

16 weeks in men and women in the ages of 18 to 39 with an increased risk of 

premature CHD. 
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2.2.1 Hypotheses 

Primary hypothesis 

H0: There are no significant differences in change in total cholesterol, HDL-cholesterol, 

LDL-cholesterol, triglycerides, waist-to-hip ratio, weight or blood pressure between the 

intervention- and the control group. 

H1: There are significant differences in change in total cholesterol, HDL-cholesterol, LDL-

cholesterol, triglycerides, waist-to-hip ratio, weight or blood pressure between the 

intervention- and the control group. 

Secondary hypotheses 

 H0: There are no significant changes in total cholesterol, HDL-cholesterol, LDL-

cholesterol, triglycerides, waist-to-hip ratio, weight or blood pressure at the end of the 

trial within the intervention- or the control group. 

 

H1: There are significant changes in total cholesterol, HDL-cholesterol, LDL-

cholesterol, triglycerides, waist-to-hip ratio, weight or blood pressure within the 

intervention group only. 

 H0: Intense smoking cessation aid given by a physician is not a more effective 

treatment than is routine smoking advice in reducing the number of subjects smoking 

>1 cigarette/day over a duration of 16 weeks. 

 

H1: Intense smoking cessation aid given by a physician is a more effective treatment 

than is routine smoking advice in reducing the number of subjects smoking >1 

cigarette/day over a duration of 16 weeks. 
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2.3 Assignments of the master student 

 Attended and observed both baseline and follow-up appointments for one control 

subject and one intervention subject in the 1839-S study sample. 

 Designed and created the database used to store the data from the 1839-S. 

 Retrieved all available data for the subjects of the 1839-S from paper- and 

electronic medical journals. 

 Called Fürst laboratory to track down any missing laboratory data. 

 Imputed all the data from the medical journals into the database. 

 Searched the non-electronical archives of Preventive Cardiology to track down the 

exact number of subjects that had been eligible for the 1839-S, had declined to 

participate or had agreed to participate. 

 Searched the non-electronical archives of Preventive Cardiology to track down the 

screening lipid profiles of the randomised subjects. 

 Used the available Food Frequency Questionnaires to create an additional variable 

in the database. 

 Manually calculated all date and age differences for each subject. 

 Imputed the database into a SPSS file and performed all statistical analyses. 
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3 Subjects, method and design 

The reporting of the methodological design and the handling of data in this thesis is in 

accordance with the CONSORT checklist for reporting parallel group randomised trials (111).   

3.1 Subjects 

3.1.1 Recruitment of subjects 

Subjects were recruited between the dates of 01.01.2003 to 31.03.2011. The main recruitment 

approach was by screening of first-degree relatives of patients with premature CHD admitted 

to the Oslo University Hospital. Additional subjects were recruited by the medical staff at 

Preventive Cardiology or through referrals from general practitioners. 

Subjects recruited by their own primary relative 

Screening of patients with premature CHD in a hospital setting has previously been 

implemented at Preventive Cardiology as a means to establish contact with primary relatives 

(14;110). Consequently, the procedure was also employed for the recruitment of subjects for 

the 1839-S. 

All men and women with established premature CHD (defined as men <55 years of age and 

women <65 years of age) admitted to the cardiology ward at Oslo University Hospital were 

routinely offered a follow-up visit at Preventive Cardiology. At the end of the visit patients 

were asked if they were willing to contact their primary relatives (siblings and/or children) for 

a CHD risk factor measurement. 

Every patient who agreed to contact their primary relatives was given an envelope including a 

letter (appendix 1), a simple questionnaire (appendix 2) and a laboratory referral form for 

each sibling or child. The letter requested the relative to obtain a blood test from their district 

health care centre and to send the complete questionnaire back to the clinic. The blood test 

was forwarded to Fürst laboratory for analysis. Primary relatives who did fulfill the eligibility 

criteria for the 1839-S were offered to participate in the study.  

  



33 

 

Subjects recruited by physicians in the Health South-East region 

Young adults who were referred to Preventive Cardiology by general practitioners in the 

Health South-East region were automatically screened for eligibility. Eligibility to the 1839-S 

was assessed based on the information obtained from the referral as well as from the patient at 

the initial visit.  

Subjects recruited by the medical staff at Preventive Cardiology 

Current patients at Preventive Cardiology, and relatives of the medical staff, that were 

confirmed by screening to be eligible were approached with an offer to participate in the 

1839-S. 

The invitation 

Subjects who had been contacted by their own relatives, and were eligible to partake in the 

study, were invited per mail to participate. The formal invitation consisted of: 

- Their assessed lipid profile 

- A date and time for a health examination at Preventive Cardiology 

- An invitation to participate in the 1839-S and information regarding participation 

(appendix 3) 

- A food-frequency questionnaire (FFQ) to be filled in before the appointment 

(appendix 4)  

Additional subjects referred by general practitioners and medical staff were offered to 

participate during their initial visit at Preventive Cardiology. 

Informed consent 

Participants received oral and written information about the study and its objective. They 

were told that participation was voluntary and that withdrawal from the study was allowed at 

any point in time without it affecting any future medical or personal treatment at the hospital. 

Subjects who wished to participate in the study signed a written consent form at the initial 

visit.  
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3.1.2 Eligibility criteria for participation in the 1839-S 

The desired study population consisted of men and women living within traveling distance 

from Oslo University Hospital who met the following inclusion, but not exclusion, criteria:  

Inclusion criteria: 

 Men and women aged 18 to 39 years  

 TC >5.2 mmol/l including one/several of the following: 

1) TG >1.5 mmol/l with a TC/HDL cholesterol ratio of >4 

2) or HDL-cholesterol <1 mmol/l (men) or <1.2 mmol/l (women) 

3) or apoB >1.5 g/l 

4) or Lp(a) >80
th

 percentile 

Subjects who did not meet the above inclusion criteria but had a hyperlipidemia defined as  

TC >6.0 mmol/l and LDL-C >4.0 mmol/l were also considered eligible. 

 An additional inclusion criteria was that all subjects must have at least one first degree 

relative (parent or sibling) with established premature CHD (men <55 years of age and 

women <65 years of age). Subjects were also eligible if they had at least one first 

degree relative with familial hyperlipidemia (including familial hypercholesterolemia 

or familial combined hyperlipidemia).  

Subjects referred by general practitioners were only included if their referral clearly stated 

that the primary relative(s) were diagnosed with premature CHD or familial hyperlipidemia 

(including familial hypercholesterolemia or familial combined hyperlipidemia). 

Exclusion criteria: 

 TC >8 mmol/l 

 Evidence of secondary hyperlipidemia due to endocrine, liver or kidney disorder 

 Grade II obesity (BMI >35 kg/m
2
) 

 Subjects with type II diabetes if on drugs or insulin 
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 Hypertension treated with drugs or requiring drug treatment 

 Known atherosclerotic disease 

 High short-term risk for atherosclerotic disease that in the judgment of the study 

physician warranted use of cholesterol-lowering drugs 

 Pregnancy 
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3.2 Method 

3.2.1 Measurements 

All measurements were recorded at the initial and the follow-up visit. 

Anthropometrics 

The subject was allowed to wear light clothing defined as jeans and t-shirt while having 

his/her anthropometrics taken. However, shoes, jackets, jumpers or heavy sweaters were not 

allowed. Moreover, the subject had to empty his/her pockets.  

Weight was measured to the nearest 0.5 kilograms on a mechanical column scale model 

named Seca700, Seca, Lysaker, Norway. The scale was calibrated on a yearly basis. Height 

was taken manually during the initial visit. The subject had to stand straight against the door 

with head, back and heels touching the door. The subject’s current height was measured to the 

nearest 0.1 cm using a manual height meter named SECA Bodymeter 208, Seca, Lysaker, 

Norway. The study physician calculated the BMI of the subject manually at each visit using 

the fundamental formula; weight in kilograms divided by the height in meters squared. 

Waist- and hip circumference was measured using a regular measuring tape held horizontal 

around the waist and hip. The measuring was done in accordance with WHO standard (54); 

the reading of the measuring tape was done when the tape was snug but not causing 

compression and waist was measured between the lower rib margin and the iliac crest, at the 

end of a normal expiration. In subjects with a very large waist, waist circumference was 

measured at the widest point of the waist. Hip girth was measured at the maximum 

circumference of the buttocks. The subject’s current waist- and hip circumferences were 

measured to the nearest 0.1 cm.  

Blood pressure 

The subject’s blood pressure was measured using a sphygmomanometer from WelchAllyn, 

New York, USA. The registration was done on the subject’s right arm. During the blood 

pressure measurement the subject sat still in a chair in a relaxed position with both feet on the 

floor and arms comfortably on the arms of the chair. Blood pressure was taken twice if the 

first measured value was above 135 mmHg for SBP and/or 95 mmHg for DBP.  
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Biochemical parameters 

Blood samples were drawn in the morning between 8:00 and 10:00 AM at the initial- and the 

follow-up visit. The subject was required to be in a fasted state defined as complete 

abstinence from any food or beverage except water during the last twelve hours with the 

exception of consumption of any type of alcohol which was not allowed within the last 24 

hours. Smoking was not permitted on the day on the visit.  

The subject sat down for a few minutes before the blood was collected by the study nurse. 

Subsequently to being drawn from the subject the blood was centrifuged for 15 minutes at the 

speed of 3600 rpm and then brought to the lab for immediate analysis. 

The Clinical Chemistry department of Oslo University Hospital ran all of the analyses during 

the trial. The methods of analyses that are relevant to the results of this master thesis are 

described as follows: 

- Serum TC, HDL cholesterol and TG were measured by enzymatic-colorimetric 

methods using kits from Roche Diagnostics. The analyses were performed using the 

machine Cobas Integra 800 from the same company.  

- TC/HDL cholesterol ratio was calculated by the simple equation of dividing the two 

values with each other. 

- LDL cholesterol was calculated using the Friedewald formula where an estimation of 

plasma LDL concentration is approximately given when serum TG are below 4.50 

mmol/l (112): 

Friedewald formula: TC − HDL-C – TG/5 expressed in mmol/l 

- ApoB was measured using an immunoturbidimetric method with a kit from Roche 

Diagnostics using the analyzing machine Hitachi 912 from the same company. 

- Lp(a) was analysed with a turbidimetric method. The machine Cobas 501 was used. 

- Serum glucose was analyzed with photometric analysis. An enzymatic method with 

hexokinase was used. 
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Lipid profiles obtained during the screening procedure had been analysed at Fürst laboratory. 

All lipids (TC, HDL, LDL and TG) were analysed using kits from Roche Diagnostics and the 

machine Cobras Integra 800 until 07.09.2009 when Fürst started using kits from Siemens 

Healthcare Diagnostics and the machine Advia 2400 instead.  

Smoking status 

Smoking and snuff habits were self-reported and recorded as daily, weekly or monthly 

quantities. Moreover, it was recorded if the current smoker was motivated to quit smoking 

during the trial.  

In self-reported smokers carbon monoxide (CO) levels in the lungs were measured with a 

breath test using the Smokerlyzer Breath Carbon Monoxide Monitor from Bedfont Scientific 

Ltd. CO was measured in a single exhaled breath into a mouthpiece. The threshold for 

abstinence of smoking at follow-up was set by the master student as a CO-measurement of 

less than three parts per million (ppm) (113). 

Dietary intake and perceived body weight satisfaction 

The results of the Food Frequency Questionnaires (FFQ) were not used in this thesis with the 

exception of body weight perception. 

All of the subjects in the 1839-S had to register their habitual food intake using the FFQ at 

both baseline and the final visit. The initial FFQ was supposed to describe the subject’s 

habitual food intake during the previous year and assess their degree of body weight 

satisfaction. The second was meant to reflect any dietary changes made between visit one and 

visit two. FFQ were reviewed by the registered dietitian (RD) together with each subject 

during both visits. The RD used the FFQ to personalise the dietary advices given.  
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3.3 Design of the trial 

The 1839-S was a randomised trial consisting of two visits with a 16 weeks duration in 

between visits. The design of the entire trial from recruitment to analysis is seen in Figure 2.  

 

Figure 2. Flow diagram of the progress through the phases of the 1839-S trial (enrolment, intervention 

allocation, follow-up, and data analysis). Adapted from (111) with permission from main author Moher, D. 
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3.3.1 Randomisation and blinding 

Subjects were randomised during the initial visit to receive either intervention or routine 

(control) treatment. The randomisation allocation process was administered by the study 

physician and took place after baseline measurements but before any smoking cessation aid or 

dietary advice was given. 

The randomisation approach used to assign the subjects to the intervention or control group 

was simple randomisation. The procedure was as follows: the subject was asked to pull a 

folded note out of a standard envelope that contained 200 notes. The notes were folded and 

had the letter “I” for intervention or “K” for control written inside of them with a ratio of 1:1. 

The subject was allocated to the group corresponding to the letter on the note which he/she 

had drawn. 

Blinding 

Due to the nature of the trial the medical staff (physician and dietitian) and subjects could not 

be blinded to the allocation sequence when treatment was given. The only medical staff kept 

blinded during the whole trial was the laboratory staff and the study nurse. The data analyst 

(master student) was not blinded to the allocation of the subjects. 

Siblings and allocation adjustments 

Siblings were allocated to the same group if the study physician suspected that they might 

influence each other if they were randomised to different groups. This was to make certain 

they would not affect each other during the intervention period. A total of three pairs of 

siblings were included in the study. The first sibling couple was randomised and allocated to 

the intervention group. The second pair of siblings was randomised to the control group. In 

the third pair, however, one sibling was randomised to the intervention group while the other 

sibling was randomised to the control group.  

Only five out of six siblings completed the study. Both sibling couples that were randomised 

together into the same groups completed the trial. In the sibling couple where the siblings 

were split up in different groups, only the sibling allocated to the control group completed the 

trial. The other one decided to withdraw from the study before the second visit. 
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3.3.2 Consent and ethics 

Study approval 

The idea of the study design of the 1839-S was based on the previous lifestyle intervention 

study by Tonstad et al (110) at Preventive Cardiology. After the initial recruitment period for 

Tonstad’s study the medical staff continued to recruit subjects for the upcoming 1839-S. The 

two studies were different with respect to intensity of the dietary intervention, duration of the 

intervention and the exclusion of advice for and registration of physical activity. 

Due to staff changes the new 1839-S and its accompanying changes were never registered 

with the Norwegian Regional Committee of Medical Ethics until December 2011 when 

communication was finally re-established between the committee and Preventive Cardiology. 

The committee replied on the date of 02.02.2012 that they had no ethical objections to the 

1839-S (appendix 5). 

De-identification 

Data collected from the electronic- and paper medical records at Preventive Cardiology were 

kept in a secure file on a research server at the hospital. The data was de-identified using 

codes and a separate code list where each subject was given an unique identification number 

that connected them to the data file. The code list was locked away in an office.  

3.3.3 Interventions 

Intervention I: Smoking cessation aid 

Controls were given routine smoking cessation advice consisting of brief information 

regarding the detrimental effects of smoking on cardiovascular health and an oral 

recommendation to quit smoking. 

Intervention subjects who smoked >1 cigarette per day were offered intense smoking 

cessation aid, which was administered by the study physician. The anti-smoking aid included 

thorough information on the dangers of smoking and information with regards to the positive 

health-benefits associated with smoking cessation. Furthermore, the physician informed about 

smoking abstinence and pharmacotherapy support (Champix, Bupropion or Nicotine 
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replacement therapy) to aid in the smoking cessation process. However, subjects who chose to 

use them had to buy and pay for them themselves. 

Subjects were informed about available online sources to aid in their smoking cessation. In 

addition, they were offered additional motivational support, counseling and follow-up during 

the intervention weeks. The support included one to five follow-up telephone calls (given by 

the study physician or nurse) or visits at Preventive Cardiology as indicated.  

If a subject was motivated to quit smoking during the intervention period the study physician 

recommended that the subject chose a date for smoking cessation. Nevertheless, irrespective 

of motivational level the subject was still reminded of the importance of quitting. In addition, 

the study physician offered the unmotivated subject a random call one month later to see if 

he/she had changed his/her mind about quitting smoking. 

Subjects who smoked <1 cigarette/day were strongly advised to quit smoking and were 

sometimes also offered motivational support by telephone contact if desired. Users of snuff 

were informed about the health risks with snuffing, advised to quit snuffing and offered 

motivational support if they were motivated to quit snuffing. However, snuffing cessation was 

not an aim of the trial. 

Intervention II: Dietary advice 

On the basis of the FFQ, the dietary advice was individually specified and given by the RD of 

Preventive Cardiology. Only subjects in the intervention group received dietary advice at the 

initial visit whereas the control group had to wait until the follow-up visit. Common advice 

and food suggestions given are presented in appendix 6. 

The amount and type of detailed advice was somewhat dependent on the blood lipids that 

were elevated (elevated LDL-C or elevated TG) but on overall basic heart-friendly dietary 

advice. Although fabricated products containing plant sterols were not part of the routine 

dietary advice these were sometimes recommended to especially high risk subjects with very 

abnormal lipid profiles. 

Each initial session began with a brief repetition about why the subject had been included in 

the study and how the RD could help. Although the foundation of the conversations was very 

individual the RD steered the dialogue towards nutritional advice regarding the lipid profile of 
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the subject. If the subject had had a recent weight-loss the RD asked how the weight loss had 

been achieved. Although weight loss was not targeted directly, attention was given to meal 

rhythm and total caloric intake in overweight subjects.   

The RD took into consideration the subject’s personal food preferences. If a specific food 

item was important to the subject, but not considered heart-friendly, the RD recommended 

adjustment of the portion size or frequency of the food. 

The RD advised the subject to choose lean meats with less than ten percent dietary fat. Dairy 

products were advised to be replaced by lower fat alternatives. To prevent the subject’s fat 

intake from becoming too low the RD advised inclusion of vegetable fats with each meal. 

Subjects were also advised to consume fatty fish on a weekly basis.  

Fruits and vegetables were recommended and advised as two portions of fruit and three 

portions of vegetables daily. One portion being equal to one’s filled hand. Heart-friendly 

practical examples to spice up vegetables and salads were suggested using spices, Thousand 

Island dressing or pesto. All subjects were given the advice to fill half of their plate with 

vegetables. Subjects were told that part of the CHO content (rice and pasta) on their plate 

could be reduced to make space for more vegetables if desired. This was especially advised 

for subjects with elevated fasting TG if their current CHO intake was dominated by refined 

starch. 

Subjects were recommended to choose the CHO alternatives with the highest content of 

whole grain. Examples of bread with a high content of whole grain were given using the 

Norwegian bread scale (114) where three or four filled quarters is equal to wholegrain bread. 

Moreover, subjects were advised to reduce their intake of sugar (i.e. sweets, desserts, cakes, 

chocolate and sodas) and to reduce alcohol consumption.  
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3.4 Creating a database 

As part of this master thesis, the student was asked to create a database for current and future 

use at Preventive Cardiology. EpiInfo
TM

 version 3.5.3 was used to create the database. The 

database itself and all of the following alterations mentioned in this section were created and 

completed by the master student alone. 

Creating the database 

The medical staff of Preventive Cardiology were consulted to ascertain that all key 

information was incorporated into the database. All data was obtained from non-electronic 

medical records, electronic medical records and the archives of Preventive Cardiology. In 

instances when information with regards to biochemical parameters was absent the master 

student personally called Fürst laboratories to track down missing information. 

Modifications of the SPSS datafile 

Subsequent to all information having been incorporated into the database its contents were 

converted into a SPSS file for statistical analysis. Modifications and adjustments in the SPSS 

file were made when necessary. The adjustments of importance for this thesis included 

- calculation of days in between visit one and two 

- calculation of the participants’ ages 

- calculation of blood pressure 

- calculation of WHR 

- recording of personal perception of body weight 

The calculation of days and ages  

All dates including date of birth and date of the visits had been included in the EpiInfo
TM

 

database for each subject. However, due to differences in Epi Info and SPSS Statistical 

package, SPSS was unable to calculate the number of days in between visits and the age of 
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the subjects. Consequently, all dates had to be calculated manually by the master student. The 

calculations were conducted using the Norweigan online date to date calculator (115). 

Calculation of blood pressure 

If more than one measurement of SBP or DBP had been taken during the medical 

examination they were averaged in the database as one single value.  

Calculation of WHR 

The master student calculated the WHR manually in SPSS by dividing waist circumference 

with hip circumference. 

Body perception 

Body weight satisfaction was manually registered directly into SPSS using a basic coding 

system. The information was to be found in the FFQ where the subjects could express their 

body weight satisfaction by ticking off the one box corresponding to the answer that they 

considered most truthful. 

The three possible answers in the FFQ were recorded into the SPSS file as;  

1) Yes. 

2) No, I want to lose weight.  

3) No, I want to gain weight. 

Additional data 

The master student collected information from the non-electronical archives of Preventive 

Cardiology to determine the number of primary relatives of patients with premature CHD that 

had been available for screening for the 1839-S. The student searched the archives dated 

between 2002 and 2011 to exclude relatives recruited for the predecessor study (110). Primary 

relatives aged 18 to 39 years who had been available for contact were identified using family 

trees. Responders and non-responders were recognised by the presence or absence of blood 

analyses from Fürst laboratory. Eligibility and reason for non-participation was available in 

previous recordings from the study physician. 
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Definition of the metabolic syndrome in the database 

The AHA definition of the metabolic syndrome was chosen for this thesis since it does not 

regard abdominal obesity as a mandatory criteria. The definition is described in Table 1 

where an individual is characterised as having the syndrome if he/she presents with at least 

three out of five risk factors. 

TABLE 1. Risk factors of the metabolic syndrome according to the criterion of the American Heart 

Association.  

 Women  Men 

Waist circumference (cm) >88 >102 

Triglycerides (mmol/l) >1.7 >1.7 

Systolic blood pressure (mmHg) >130 >130 

Diastolic blood pressure (mmHg) >85 >85 

Glucose (mmol/l) >5.6 >5.6 

HDL-cholesterol (mmol/l) <1.29 <1.03 
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3.5 Statistics 

All statistical analyses were performed using the Statistical Package for the Social Sciences 

(SPSS) version 18.0 for Windows (SPSS Inc., Chicago, Illiniois, USA). Two-sided P-values 

were used. A P-value of less than 0.05 was considered statistically significant. All individuals 

were analysed as randomised regardless of deviation from inclusion criteria.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

Analytical method 

Listwise and pairwise exclusion are the two basic options for handling missing data in the 

SPSS statistical package. In pairwise analysis each mean and standard deviation are estimated 

on a somewhat different dataset and therefore listwise exclusion was chosen by the student as 

the method for data exclusion. 

Sample size 

Data from the predecessor study (110) was used to estimate the mean and standard deviation 

(SD) of LDL-C in the study population. A feasible reduction in LDL-C by dietary 

modification was based on Katcher’s (116) suggestion that an approximate reduction in LDL-

C equivalent to 11-15% is achievable by restricting SFA and dietary cholesterol intakes.  

Calculation of sample size: 

Clinically relevant difference between the two groups: 0.1 x 4.29 mmol/l LDL-C. 

 = 0.429 

Standard deviation of LDL-C, approximately 0.75 mmol/l. 

s = 0.75 

The standardised difference is: 

/s = 0.572  

According to Altman’s nomogram (117) for calculating sample size, a standardised difference 

of 0.572 required approximately a total sample size of 100 patients with 50 subjects in each 

group to detect a ten percent difference with a power of 0.8 (80%) at a significance level of 

0.05.  
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Categorical variables 

Categorical variables were analysed using 2x2 contingency tables and Fisher’s exact test 

when the assumption of independence was violated for the Chi Squared test. Within group 

associations were tested using Mc Nemar’s test. The variables were presented using exact 

numbers and corresponding percentage counts. 

Continuous variables 

Histograms and normality plots (Q-Q Plots) were used to assess the normality of the data.  

Since the inclusion criteria allowed for subjects with both hyperlipidemia and 

hypercholesterolemia the data consisted of several outliners. Outliners were identified using 

box plots and the genuineness of the outliners was checked prior to analysis. 

The variability of the data was described using either mean and standard deviation (SD) or 

median and minimum (Min) and maximum (Max) value, depending on the distribution of the 

data. 

Variables with a normal distribution were tested with independent-samples t-test and paired-

samples t-test. Variables with a non-normal distribution were transformed to attain a more 

normal distribution. 

Subanalyses assessing changes in weight and WHR within different BMI groups were tested 

using Wilcoxon signed rank test. 
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Transformation of data 

In this thesis we transformed skewed TG variables to attain normal distributions. Two 

explanatory calculations are shown below to aid in the interpretation of the results in this 

thesis.  

Between group differences in change 

We wished to find a difference in change between the intervention group and the control 

group. 

Change in the intervention group from baseline to follow-up is: 

C1: (follow-up) – (baseline) 

Change in the control group from baseline to follow-up is: 

C2: (follow-up) – (baseline) 

Logarithms cannot be based on negative numbers. Therefore we had to log transform the raw 

data before calculating the changes between baseline and follow-up. Original data was 

transformed by taking the logarithm: 

C1: log(follow-up) – log(baseline) 

C2: log(follow-up) – log(baseline) 

Since division of two expressions corresponds to subtraction of their logs we have: 

C1:       
         

        
  

C2:       
         

        
  

The histograms now revealed normal distributions and an independent-samples t-test could be 

conducted. The mean difference calculated by the t-test was equal to: 
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The geometric mean of the data is calculated using the antilog. 

             
    

    
  

gives us the geometric mean  

  
  

  
  

The geometric mean of our data can be interpreted as: 

<1: C1 < C2  

>1: C1 > C2  

where a geometric mean of 1 is equal to no difference in the ratio of change between the 

intervention group and the control group. 

Within group changes 

We wished to find a within group change from baseline to follow-up. Original data was 

transformed by taking the logarithm. 

TG values at baseline: log(baseline) 

TG values at follow-up: log(follow-up)  

The change from baseline to follow-up for paired-samples t-test is equal to: 

log(follow-up) – log(baseline) 

Since division of two expressions corresponds to subtraction of their logs we have: 
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The geometric mean of the data is calculated using the antilog. 

             
           

          
  

gives us the geometric mean: 

 
         

        
   

The geometric mean of our data can be interpreted as: 

<1: follow-up < baseline  

>1: follow-up > baseline  

where a geometric mean of 1 is equal to no change in the ratio between baseline and follow-

up. 

Confidence intervals 

In this thesis confidence intervals (CI) were used to show the degree of uncertainty related to 

our research data in addition to reporting the effect sizes and hence clinical importance (118) 

of our results. 
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4 Results 

The first part of this section aims to describe the baseline characteristics of the subjects that 

were included in this thesis. Following that is the section that answers the main hypotheses of 

this thesis. Finally there are few additional exploratory analyses. 

4.1 Dropouts, attended time between visits and 

baseline characteristics 

4.1.1 Dropouts 

A total of 149 subjects completed the trial. Five subjects in the intervention group and seven 

subjects in the control group withdrew on their own account before the follow-up visit. Their 

reasons for discontinuing participation in the study were given in Figure 2. There was little 

information given in the journals stating as to why a subject had dropped out from the study. 

4.1.2 Attended time between visits 

A majority of the subjects (93%) waited more than the unequivocal timeline of 112 days 

before they returned to Preventive Cardiology for their follow-up visit. The mean number of 

days between visit one and two in the intervention group was 153 (SD: 49) days. The 

minimum number of days was 100 and the maximum number of days 344. In the control 

group the mean number of days between visits was 151 (SD: 45) days with a minimum of 97 

days and a maximum of 374 days. No difference in mean number of days between the groups 

was seen (P=0.81).  
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4.1.3 Baseline characteristics 

Gender distribution of the first-degree relatives screened for eligibility (data not shown) was 

almost similar for both sexes although the majority of non-responders (68%) were male. In 

our randomised study sample, 46% of the male subjects and 50% of the female subjects had 

been recruited by a relative.  

Table 2 describes the characteristics based on the inclusion criteria of all the 161 participants 

at baseline prior to randomisation. Lp(a) was only measured once at baseline. A total of 82% 

of the subjects had a primary relative with premature CHD and 37% had above optimal blood 

pressure. Altogether 44 women and 117 men were randomised at the initial visit, of which 27 

women and 57 men were randomised to the intervention group. 

Eighteen subjects fitted the exclusion criteria. These subjects were aged above 39 years (n=3), 

were receiving current medicinal treatment for their hypertension (n=3), pregnant (n=1), 

suffering from grade II obesity (n=6), had a TC above 8.0 mmol/l (n=4) and suffered from 

grade II obesity in addition to having a TC above 8.0 mmol/l (n=1).  

At baseline 36% of the subjects reported taking any form of medication. In the vast majority 

of cases (66%) the medicinal use consisted of allergy medicine and oral contraceptives. Not 

one reported taking any cholesterol-lowering drugs at baseline. 
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TABLE 2. Baseline characteristics of all the randomised subjects (n = 161). 

 Females 

(n=44) 

Males 

(n=117) 

Range (min to max) 

Age 30 (7) 32 (5) (18-43) 

Weight (kg) 76.1 (17.1) 85.0 (12.8)
a
 (51.5-130.5) 

BMI (kg/m
2
) 27.2 (5.9) 26.2 (3.6)

a
 (18.1-43.9) 

Waist circumference (cm) 84.5 (13.2) 91.0 (9.2)
a
 (66.0-124.0) 

WHR 0.80 (0.06) 0.88 (0.06) (0.68-1.03) 

SBP (mmHg) 116 (8) 124 (10)
a
 (100-150) 

DBP (mmHg) 76 (6) 78 (7)
a
 (55-102) 

TC (mmol/l) 5.9 (1.0) 6.1 (1.0) (3.6-8.5) 

LDL-C (mmol/l) 3.87 (1.02) 4.20 (0.96)
b
 (1.44-6.78) 

TC/HDL-C ratio
 

4.6 (1.6) 5.5 (1.7)
 a
 (1.9-11.3) 

HDL- C (mmol/l)
 

1.40 (0.4) 1.19 (0.34)
a
 (0.55-2.82) 

TG (mmol/l)
 

1.47 (0.81) 1.86 (1.55) (0.42-10.89) 

ApoB (g/l) 1.05 (0.25) 1.14 (0.24)
c
 (0.10-1.70) 

Lp(a) (g/l) 791 (730)
d
 424 (399)

d
 (<60-2344) 

Glucose (mmol/l) 5.0 (0.5)
e
 5.1 (0.5)

e
 (3.5-6.6) 

   

 n (%)        n (%) 

Smoker 10 (23)     28 (24) 

Snuffer 2 (5)     22 (19) 

Former smokers 7 (16)     23 (20) 

Continuous variables are shown as mean (SD) for men and women 

Minimum and maximum values of the variables are given for both sexes as a whole group 

Categorical variables are shown as count and percentage (%) 
a 
n=116

 

b 
n=111

 

c 
n=115

 

d 
n=15 for females, n=34 for males 

e 
n=39 for females, n=90 for males 

Abbreviations: WHR = waist to hip ratio, SBP = systolic blood pressure; DBP = diastolic blood 

pressure; TC = total cholesterol;  LDL-C = LDL-cholesterol; HDL-C = HDL-cholesterol; TG = 

triglycerides, ApoB = apolipoprotein B, Lp(a) = lipoprotein A, BMI = body mass index 

 

Prevalence of the metabolic syndrome 

According to the AHA definition there were 24 subjects with the MetS present in the study 

sample at baseline. Out of these, eleven had been randomised to the intervention group while 

the rest had been allocated to the control group.  

At the follow-up visit, 36% of the subjects in the intervention group and 15% of the subjects 

in the control group could no longer clinically be defined as having the MetS. There was no 

statistical association between treatment allocation and reverse of the MetS (P=0.29) between 

the groups or within the intervention group (P=0.21). 
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4.2 The results of the trial 

4.2.1 Changes in between treatment groups 

The results of the intervention expressed in the cardiovascular risk factors TC, LDL-C, HDL-

C, TG, weight, WHR, SBP and DBP are shown in Table 3. At baseline there were no 

differences between the intervention- and the control group except for lower HDL-cholesterol 

levels in the control group (P=0.02).  

There were no significant differences in change between the intervention- and the control 

group in any of the risk factors at the end of the trial. The results did not change when the 

analysis excluded the subjects who fitted the exclusion criteria (data not shown). Additional 

analyses (data not shown) for waist circumference (P=0.13) and apoB (P=0.27) did not reveal 

a significant difference in change.  

Stratifying the groups by gender (data not shown) to compare differences in change in HDL-C 

and WHR had no effect on the results (all P>0.08). 

4.2.2 Differences within respective groups 

Changes in the risk factors from baseline to follow-up within both groups are seen in Table 3.  

In the intervention group there was a reduction in systolic blood pressure by -3.7% 

(P<0.0005) and a reduction in diastolic blood pressure by -2.8%  (P=0.008). 

There was a reduction in systolic blood pressure by -2.1% (P=0.008) and an increase in HDL-

cholesterol by +4.2% (P=0.007) in the control group.  

Additional analyses of waist circumference and apoB (data not shown) did not reveal 

significant changes within either group (all P>0.19). There were no significant changes (all 

P>0.09) in WHR or in HDL-C in males or females within either group during the trial (data 

not shown).  

The results did not change when the analysis excluded the subjects who fitted the exclusion 

criteria (data not shown). 
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TABLE 3. Changes in cardiovascular risk factors from baseline to follow-up. 

Variable Intervention  

(n = 73) 

 

Control 

(n=62) 

Between group 

difference in change 

(95% CI)
1
 

P-value
2
 

Weight (kg)     

Baseline -82.4 (14.4) -83.7 (15.0)   

Follow-up -82.0 (14.1) -83.5 (15.1)   

Change (95% CI) -0.4 (-1.04; 0.21) -0.2 (-0.88; 0.59)  

-0.23 (-1.18; 0.72) 

 

0.63 

WHR (cm)     

Baseline -0.85 (0.08) -0.86 (0.07)   

Follow-up -0.85 (0.07) -0.86 (0.07)   

Change (95% CI) -0.00 (-0.01; 0.00) -0.01 (-0.00; 0.01)  

-0.01 (-0.02; 0.00) 

 

0.06 

SBP (mmHg)     

Baseline -121.1 (8.6) -121.6 (9.9)   

Follow-up -116.6 (10.7) -119.1 (11.3)   

Change (95% CI) -4.5 (-6.36; -2.63)
3
 -2.5 (-4.38; -0.69)

3
  

-2.03 (-4.67; 0.60) 

 

0.12 

DBP (mmHg)     

Baseline -77.3 (7.32) -78.0 (7)   

Follow-up -75.1 (8.08) -77.0 (8)   

Change (95% CI) -2.2 (-3.88; -0.59)
3
 -1.0 (-2.37; 0.37)  

-1.17 (-3.30; 0.96) 

 

0.28 

TC (mmol/l)     

Baseline -6.2 (1.0) -5.9 (1.0)   

Follow-up -6.1 (1.0) -6.0 (0.9)   

Change (95% CI) -0.1 (-0.25; 0.10) -0.1 (-0.08; 0.24)  

-0.16 (-0.40; 0.09) 

 

0.20 

LDL-C (mmol/l)     

Baseline -4.16 (1.04) -4.07 (0.94)   

Follow-up -4.11 (0.93) -4.03 (0.89)   

Change (95% CI) -0.05 (-0.22; 0.10) -0.04 (-0.21; 0.11)  

-0.01 (-0.23; 0.22) 

 

0.94 

HDL-C (mmol/l)     

Baseline -1.33 (0.35) -1.19 (0.35)   

Follow-up -1.35 (0.34) -1.24 (0.36)   

Change (95% CI) -0.02 (-0.03; 0.07) -0.05 (0.01; 0.08)
3
  

-0.03 (-0.09; 0.04) 

 

0.39 

TG (mmol/l)     

Baseline -1.52 (0.77) -1.48 (0.74)   

Follow-up -1.42 (0.68) -1.63 (0.89)   

Change (95% CI) -0.95 (0.87; 1.05)
4
 -1.10 (0.98; 1.23)

4
  

-0.87 (0.76; 1.01)
5
 

 

0.13 

Variables are expressed as mean (SD) and mean change (95% CI) 

A negative sign before numbers is equal to a decrease while no sign is equal to an increase 
1 
Mean difference in change between the intervention and the control group

 

2
 P-value for independent-samples t-test 

3
 Statistically significant change for paired-samples t-test (P<0.01)  

4 
Geometric mean ratio for within group change and antilog of 95% CI 

5
 Geometric mean ratio for difference in change between groups and antilog of 95% CI 

Abbreviations: WHR = waist to hip ratio, SBP = systolic blood pressure; DBP = diastolic blood 

pressure; TC = total cholesterol;  LDL-C = LDL-cholesterol; HDL-C = HDL-cholesterol; TG = 

triglycerides 
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4.2.3 Smoking cessation 

The direct effects of the smoking cessation aid as given by the study physician is seen in 

Table 4.  

TABLE 4. Smoking status at baseline and follow-up in subjects who completed the trial (n=149). 

Variable Intervention  

(n = 79) 

Control  

(n = 70) 

P-value 

Smoker
a
 at baseline 13 21 0.88 

CO-level 4 (1-14)
b
 8 (1-21)

b
  

Non-smoker
a
 at 

follow-up 

6 6 0.86 

CO-level 1 (0-3)
c
 

 

1 (0-2)
c
  

Data on smoker status is given in absolute numbers 

CO-level is expressed as median (Min-Max)
 

a 
Smoker is defined as smoking >1 cigarette/day 

b
 Missing values for (n=2 in Intervention, n=3 missing in Control) 

c
 Missing values for (n=1in Intervention, n=2 in Control) 

f
 Chi-square test for independence is statistically significant when P<0.05 

Abbreviations: CO = carbon monoxide 

 

Smoking cessation rates were 46% in the intervention group and 29% in the control group. 

There was no association between group allocation and smoking cessation (P=0.86).  

Smoking cessation and resumption 

Subjects who claimed to have quit smoking during the trial had their smoking cessation status 

verified by their measured CO-levels. Six subjects in the intervention group and six subjects 

in the control group had quit smoking altogether by the follow-up visit. Out of these twelve 

subjects, three in the control group and one in the intervention group had replaced their 

cigarettes with snuff during the trial. 

A total of four non-smokers at baseline, two in each group, had taken up smoking by the 

follow-up visit. Two of these subjects, one subject in the intervention group and one in the 

control group, were former social smokers who had increased their total amount of cigarettes 

smoked on a weekly basis. The remaining two subjects were former smokers who had quit 

smoking shortly before being randomised and had resumed their smoking during the trial.  
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Smoking cessation and motivation 

At baseline there had been four smokers in the intervention group and eight in the control 

group who had labeled themselves as being motivated to quit smoking. However, out of these 

twelve subjects there was only one in the intervention group and three in the control group 

that actually quit smoking. On the contrary, a total of five subjects in the intervention group 

and one subject in the control group who had labeled themselves as unmotivated to quit 

smoking at baseline reported having quit smoking altogether by the follow-up visit. 
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4.3 Additional analyses 

Weight according to BMI categories and perceived body satisfaction 

Weight classification and weight satisfaction may indicate if the subjects wanted to lose 

weight or not. The intervention group was split into two subgroups; subjects with a BMI 

below 25 kg/m
2
 (BMI<25) and subjects with a BMI above 25 kg/m

2
 (BMI>25). No weight 

reduction or increase was seen in subjects with BMI <25 (P=0.37) or BMI>25 (P=0.14).  

The weight satisfaction at baseline in the intervention group is shown in Figure 3 and Figure 

4. Few of the participants had omitted the question about weight satisfaction although the 

absence of response was greater in the BMI >25 group, suggesting that it may have been a 

sensitive question for some of the subjects. 

 

No weight reduction was seen among the subjects reporting that they wanted to lose weight 

(P=0.78). Furthermore there was no change in WHR (P=0.67). 

Similar analysis in the control group (data not shown) revealed no weight changes within the 

BMI<25 group or the BMI>25 group (P>0.20). 

 

 

5% 

20% 

54% 

21% 

Figure 3. Baseline weight 

satisfaction in individuals in the 

intervention group with a BMI 

<25 kg/m2 (n=38) 

Unsatisfied, 

wish to gain 

weight 
Unsatisfied; 

wish to lose 

weight 
Satisfied 

Missing 
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0% 
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Figure 4. Baseline weight 

satisfaction in individuals in the 

intervention group with a BMI 

>25 kg/m2 (n=24) 
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wish to gain 

weight 
Unsatisfied, 

wish to lose 

weight 
Satisfied 
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Difference in lipids between screening and baseline 

Table 5 display the changes in blood lipids that occurred between screening and baseline in 

subjects who had their blood analysed at Fürst laboratories prior to 07.09.2009. 

TABLE 5. Change in lipids from screening to baseline in primary relatives screened prior to 

07.09.2009. 

 Screening 

(n=55)
a
 

Baseline 

(n=55) 

Mean difference 

(95% CI) 

P-value
b
 

TC (mmol/l) 6.2 (0.8) 6.0 (1.1) -0.17 (-0.39; 0.04) 0.12 

LDL-C (mmol/l) 4.12 (0.86) 4.07 (1.01) -0.05 (-0.25; -0.15) 0.62 

HDL-C (mmol/l) 1.28 (0.36) 1.24 (0.37) -0.04 (-0.08; -0.00) 0.03 

TG (mmol/l) 1.80 (0.80) 1.58 (0.80) -0.87 (0.77; 0.98)
c
 0.02

c
 

Values are expressed as mean (SD). 

A negative sign before numbers is equal to a decrease while no sign is equal to an increase.
 

a
 Screening defined as a point in time during which the subjects’ blood was analysed at Fürst 

laboratories 
b 
P-value for paired-samples t-test 

c 
Geometric mean ratio for change and antilog of 95% CI 

Abbreviations: TC = total cholesterol;  LDL-C = LDL-cholesterol; HDL-C = HDL-cholesterol; TG = 

triglycerides 

 

Analyses revealed significant reductions in HDL-C and TG from screening to baseline. 
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5 Discussion 

Our randomised trial has several strengths and limitations. In this section these are discussed 

followed by the principal results found in this thesis. Finally conclusions are drawn and future 

perspectives are discussed. 

5.1 Discussion of subjects and method 

5.1.1 Recruiting young adults in a hospital setting 

In this trial we recruited subjects by three different methods. Since current guidelines offer no 

guiding principle for how to approach and identify young adults with an elevated risk of 

premature CHD in a population (7;49) we have with this study provided further insight to the 

question.  

In our study we found that the response rate to a family based screening approach in a 

hospital setting was approximately 42% among young adults aged 18 to 39 years during a 

screening period of eight years. Previous response rates among young adults have been 56% 

when the method was initially implemented by Tonstad & Westheim over a three year period 

(14) and 93% over a one year period (110). Nevertheless, in the latter trial Tonstad failed to 

differentiate between the number of responders referred by primary relatives and by general 

practitioners as well as other medical staff. Combined, our results suggest that the response 

rate to a family based screening in a hospital setting in Norway may be moderate to low.  

We found a response rate of 100% for recruitment by general practitioners. Although our 

numbers are limited this does suggest that this approach may be a more effective method of 

recruitment for young adults than a family based approach. However, the success of this 

method is heavily dependent on the primary relatives to visit their health care centers and on 

the general practitioners to screen and refer them. Although the response rate was also 100% 

for recruitment by medical staff our numbers are too small to suggest a difference in response 

rate. 
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Limitations 

In our study 58% of the contacted primary relatives failed to respond to an invitation for a 

CHD risk assessment. Since cohort studies have reported that non-responders have a higher 

incidence of the outcome disease and a higher mortality rate (119;120), we thereby run the 

risk of excluding subjects who may need our preventive care and CHD risk screening the 

most. Especially considering that their potential clustering of cardiovascular risk factors may 

otherwise go unnoticed until a clinical manifestation occurs. 

The majority of our non-responders (68%) were of male gender. This was also found to be the 

case in the study by Tonstad & Westheim (14)  where 64% of young non-responders were 

male. Although being young and male in general are representative attributes of typical  non-

responders (62-68%) in Oslo (121), our non-responders may have a different risk profile than 

the general non-responders due to their additional familial risk. For instance, males with a 

family history of CHD may be more prone to future CHD events than females are (122), 

making them an especially important group with respect to preventive stratergies.  

Since our sample is likely to represent the typical responders in Oslo, we may have a sample 

of more self- or health conscious adults who are interested in and motivated to make lifestyle 

changes to reduce their personal CHD risk (123;124). Consequently our findings are therefore 

not attributable to our intended target population as a whole that consists of both responders 

and non-responders. 

A final limitation of our recruitment method is that due to a low response rate and narrow 

inclusion criteria our final subjects only represent 17% of the original available sample 

population. This limits our external validity further since our subjects are unlikely to be a 

representative sample of our intended target population (125).  
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5.1.2 Potential advantages and shortcomings of method and study 

design 

Although the design of our study was innovative there are some methodological limitations 

that have implications to the interpretation of our results. 

Strengths 

To the knowledge of this master student only one previous trial has been aimed at our target 

population consisting of young adults aged 18 to 39 years with an increased risk profile for 

future premature CHD (110). Therefore, an advantage in our design is that we have provided 

more insight with regards to the feasibility of interventions targeted at these young adults. In 

our study 93% of the subjects completed the trial, suggesting that a majority were willing to 

take time for primary preventive care. Our finding is similar to the predecessor study where 

only 13% of participants were lost to follow-up or withdrew their consent (110).  

Since the 1839-S intends to recruit a total of 200 subjects the choice of simple randomisation 

was the most appropriate (126). The decision not to exclude any randomised subjects was 

based on the CONSORT statement that exclusion of randomised subjects may compromise 

the randomisation itself (111). Furthermore, the randomisation is our greatest strength in the 

study design since we consequently have accounted for an equal distribution of Regression to 

the mean (RTM) (127) between our groups. 

Although our sample has clinical diversity, due to the eleven percent of our subjects who were 

included in spite of deviation from protocol, it may be a more representative sample of the 

patients that are actually referred to a clinic such as Preventive Cardiology. Furthermore, 

restriction of our analysis to subjects who only met the inclusion criteria did not change the 

primary or secondary results of our trial. This suggests that the results of our dietary 

intervention are still transmittable to a sample that fit our specified inclusion criteria. 

Limitations 

A limitation of the smoking intervention is the absence of information with regards to whom 

used pharmacotherapy in their aid to quit smoking during the trial. As a consequence, it 

remains unknown if our results are due to pharmacotherapy usage or due to the intense 

motivational support by the study physician. Furthermore, there was no definition set for the 
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classification of smoking cessation besides CO measurements. Accordingly, we do not know 

for how long the subjects had been abstinent from smoking prior to their follow-up visits.  

Although modification of physical activity levels may confound changes in blood pressure 

and HDL-C, this was not taken into the consideration of the 1839-S design. We consequently 

have no information with regards to this potentially confounding factor. 

A limitation of this master thesis is that we did not use the dietary data from the FFQ. This 

was due to our inability to recruit a supervisor from the Department of Nutrition at the 

University of Oslo who was willing to take responsibility to aid the master student in the 

scanning and evaluation of the FFQ. We nevertheless acknowledge that dietary habits are 

difficult to measure regardless of dietary assessment method (128).  

Although the predecessor study assessed levels of endothelial markers of distress, we did not 

have this information available for our subjects and as a consequence cannot identify such a 

treatment effect. 

Accuracy of outcome measurements 

In this thesis all measurements have been routinely collected beforehand in a clinical setting. 

As a consequence the sampling and handling of data has not been strictly controlled per 

protocol. As is with any manually measured outcomes, both systematic and individual 

measuring errors may occur. Nevertheless, since all anthropometric measurements were 

measured by the same medical staff at Preventive Cardiology, all using the same equipment, 

these errors should be equally distributed within both our randomised groups. 

If a subject presented with elevated blood pressure it was measured twice as described in the 

method’s section. This may reduce the risk of overestimating changes in blood pressure due 

to the “white coat effect” (129) in susceptible subjects. Still this does not eliminate its 

confounding effects since averaging two measurements into one value may also create the 

appearance of a reduction in blood pressure in between visits if the subject only has one 

measurement taken at the follow-up visit. An alternative approach could consequently have 

been to measure 24 hour ambulatory blood pressure as well in these particular subjects. 

Although CO-measurements are commonly used to confirm the self-reported abstinence from 

smoking in studies, several of our self-reported smokers had CO-levels below the suggested 
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threshold at baseline. Although 2-3 ppm are valid cut-off levels in smokers (113), according 

to the manufacturers (130) the CO levels do tend to decline overnight and our subjects had 

their measurements taken in the morning. Since smokers are more likely to underreport than 

over report smoking status (131) it is unlikely that we have falsely classified non-smokers as 

smokers.  

For our subanalysis of changes in lipids in between screening and baseline we only included 

individuals with blood analyses from Fürst laboratory to reduce the risk of analytical and 

biological variation attributing to any differences detected.  

5.1.3 Statistical choices and subsequent consequences 

In this thesis the threshold for statistical significance was set at P<0.05 in spite of our 

increased probability of finding a P-value below 0.05 due to our repeated statistical testing 

(118;132). To account for this we could have chosen to apply different methods such as the 

Bonferroni adjustment (117). Nonetheless, a more strict significance level than P<0.05 was 

not set in this master thesis. Instead, we decided that caution should be taken when 

interpreting our results since it is more important to differentiate between a significant result 

with no clinical relevance, that is due to a type I error, and a non-significant result with 

clinical relevance that may be due to a type II error (111). 

Although several outliners were present in our dataset they were directly connected to 

subjects suspected of having a lipid disorder. Since Altman recommends that no observations 

should be excluded from analyses unless there are reasons to doubt their credibility (118) we 

included all of our outliners in our analyses.  

By including all outliners in our dataset we increased the risk of making a type I statistical 

error since we chose to use the more sensitive parametric tests to analyse our data. Although 

the t-tests is robust in sample sizes over 30 (133), our TG distributions were markedly skewed 

and we consequently decided to transform our data to attain a more normal distribution. 

Our choice to use listwise exclusion in our dataset resulted in a loss of nine percent of 

available subjects due to the absence of baseline or follow-up data. In the majority of cases 

the exclusion was due to missing LDL-C values. The missing LDL-C values were attributable 

to the limitations of the Friedewald formula (112) which give inaccurate estimations for LDL-
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C when the TG level of a subject is above 4.50 mmol/l. Since our inclusion criteria did allow 

for patients with hypertriglyceridemia a loss of data was to be expected. 

Although a loss of data introduces the risk of losing valuable statistical power we did not have 

more subjects with missing outcome data (16%) than what is otherwise seen in trials (0-20%) 

(134;135). Furthermore, missing data is only of concern if the frequency or cause for absence 

differ between groups (111), which it did not. 

Since our subjects deviated from protocol an intention to treat (ITT) analysis would have been 

the appropriate statistical approach (111). In spite of considering several imputation models 

(Last Observation Carried Forward (LOCF) (136), mean imputation (137) and multiple 

imputation (MI)(138)) in order to try to replace our missing data it was decided not to perform 

an ITT analysis. MI is a very advanced method and both LOCF and mean imputation restrict 

the natural variability of the data (136) and bias results. 

In this thesis we wanted to test for differences in change since it is a more statistically 

powerful method than comparing endpoint values. To control for any disparities in baseline 

values (139) we wished to use analysis of covariance (ANCOVA). However, we found that 

the prerequisites of a linearity assumption was violated.  
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5.2 Discussion of results 

5.2.1 Absence of change in blood lipids 

In this study we found no differences in change within or between groups for the blood lipid 

parameters. This was also confirmed by our subsequent analyses of apoB. Our finding is 

rather surprising considering that the mean total cholesterol level was 6.10 mmol/l in our 

sample and we would expect such high TC levels to fall even with modest dietary changes. 

Especially considering that general adherence is low when a diet is randomly assigned (140) 

and our subjects received personalised dietary advice which should have enabled them to 

better implement the suggested changes.  

Since our subjects were given dietary advice to specifically reduce SFA intakes a reduction in 

LDL-C and TC was expected if they adhered to the advice since Tonstad et al (110) found a 

significant difference in LDL-C between the intervention and the control group after a 

reduction in SFA intake in our predecessor study. Our finding is nevertheless very similar to 

the -0.16 mmol/l difference in TC between two randomised groups found in a published study 

by Estruch et al (141). In their subsample (n=772) of the PREDIMED study, negligible 

differences in the intake of SFA could easily explain the indifferences in TC and LDL-C. 

Similar to our approach, Estruch’s low fat diet subjects were treated like a control group and 

the intervention subjects received substantially more intensive dietary counseling. However, 

unlike them our statistical power was too low (<20%) to be able to detect such a small 

difference as -0.16 mmol/l.  

Another study that has assessed the effects of dietitians versus physicians in 

hypercholesterolemic subjects was the randomised study by Henkin et al (142). Henkin 

randomised hypercholesterolemic adults aged 30-65 to receive dietary advice either as given 

by a dietitian or a physician. After three, but not after six months, the reductions for TC and 

LDL-C were significantly different between the treatment groups favoring dietitians (-4% TC 

and -5% LDL-C). The difference in reductions within the dietitian group was -9% for TC and 

-12% for LDL-C.  Although not significantly different from each other, their reductions in 

these lipids were still greater than ours even after six months in both treatment groups. 

In Henkin’s study, subjects were excluded if they had been given dietary counseling in the 

past since this may have otherwise confounded the effects of the intervention. In our study, 
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we have not accounted for this and therefore cannot exclude the possibility that our subjects 

may have made dietary changes prior to baseline. This is not a foreign concept considering 

that our subjects had to wait between being told that they had an increased risk and visiting 

Preventive Cardiology. Since dietary information is readily available online, in magazines, in 

books and on television it is likely that our subjects may already have introduced positive 

dietary changes prior to baseline by using other health resources available to them (143). 

Although we had restricted statistical power we did find an indication that there might have 

been modest reductions in all lipids prior to baseline in our subsample. Unfortunately since 

we do not have the dietary data we do not know if this may be due to a reduction in fat intake. 

These differences could also be attributed to RTM since our subjects were not randomised 

prior to baseline in addition to high initial observations commonly being followed by RTM 

(127). Furthermore, TC concentrations have been shown to fluctuate according to season and 

are lower during the summer months (144). Therefore, since our recruited subjects had to wait 

for an appointment at Preventive Cardiology, it is also plausible that the differences seen in 

TC could be due to seasonal variation.  

If our subjects have in fact changed their diets prior to baseline their low physiological 

response to our dietary intervention could be explained by the findings by Henkin et al (142). 

Henkin showed that the reductions in TC and LDL-C concentrations were substantially lower 

during the first three months of a dietary intervention subsequently followed by a three 

months maintenance period and thereafter a regression. Accordingly, our minor reductions in 

lipids during the trial could have been due to our subjects being in a maintenance or 

regression phase. As a consequence this could have confounded the furthermost reduction in 

cholesterol that was achievable by our dietary intervention.  

Our findings are similar to what Mosca et al found in the FIT-heart trial where primary 

relatives of patients with premature CHD participated (145). Mosca et al randomised relatives 

of premature CHD patients aged 20 to 79 years to receive intensive dietary counseling or a 

pamphlet with brief dietary and lifestyle advices. After one year, in spite of an intensive 

intervention with frequent motivational support by telephone, Mosca also found no 

differences in major cardiovascular risk factors between the randomised groups accompanied 

by an overall low adherence to the intervention. 
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It is important to acknowledge that our results illustrate the overall effect of individual 

changes among our subjects. In spite of no impressive overall change in risk factors, a couple 

of subjects in both groups achieved great reductions in their cardiac risk factors, although 

others’ maintained or worsened theirs. Consequently, even though the approach was 

insufficient to promote significant changes in the majority of our subjects, for some being 

included was just enough. 

Our results however suggest that our approach may have been too simple to induce major 

dietary changes in most of our subjects and more frequent follow-up visits may have been 

needed. For instance in the study by Jenkins et al (135) routine dietary counseling including 

two visits to the dietitian reduced TC significantly by as much as 20% and LDL-C by 16% 

compared with control treatment after six months. However Jenkin’s trial implemented a diet 

approach that focused on the intake of plant sterols, which may in part help explain their 

impressive results.  

5.2.2 Weight maintenance and changes in blood pressure 

We found no differences in change in blood pressure between our randomised groups but 

nevertheless significant within group changes in SBP in both the intervention and in the 

control group. Although weight loss may be a confounding factor for reductions in blood 

pressure, we found no significant weight changes within either group. This was also 

confirmed in our subgroup analysis stratified by BMI and by intention of weight loss among 

the subjects. As a consequence, weight loss cannot account for the significant decreases seen 

in SBP within our intervention- and control groups although RTM and biological variation 

may.  

As previously stated, a random design does cause RTM to be equally distributed among 

subjects in the intervention- and the control group. Therefore, according to Barnett (127) we 

can use the mean change in the control group to adjust our observed treatment effect for 

RTM. Since the reduction in SBP in the intervention group was -4.5 mmHg the true effect 

probably lies somewhere closer to -2.0 mmHg, which is the SBP reduction in the intervention 

group subtracted by the reduction in SBP (-2.5 mmHg) in the control group.  

Since more than one third of the subjects had above optimal blood pressure at baseline the 

“white coat” effect is a plausible explanation for the reduction seen between baseline and 
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follow-up. Although it is possible that changes in diet and physical activity could have 

contributed to the reductions in blood pressure, we do not have the data required to explore 

this suggestion. 

Although it could be hypothesised that the remaining difference in SBP, adjusted for RTM, is 

due to an increased intake of fruits and vegetables in the intervention group this notion is not 

supported by previous data. For instance, in the original DASH diet study by Appel et al (25) 

a diet rich in fruits and vegetables only induced decreases in SBP and in DBP by -0.8 mmHg 

and -0.3 mmHg respectively in non-hypertensive subjects.  Furthermore it has been suggested 

that variability in BP can be ascribed measurement error or short-term fluctuations (129;146) 

which is a more plausible explanation for our findings.  

Interpretation of our confidence intervals (CIs) indicate that the results of this thesis may be 

classified as a definite result of the 1839-S intervention, with regards to its effect size. 

Although the between group CI for SBP indicate a clinically important effect of  

-4.67 mmHg in the upper 5
th

 percentile there is only a small chance that a population 

reduction would be equal to this or more (132). Consequently, the true difference is more 

likely to be closer to the middle of our 95% CI. 

Our only result that comes close to significance is the between group difference in change for 

WHR. However this finding has no clinical importance and is most likely a result of our 

repeated statistical testing. Furthermore, WHR would have been better used as a subsequent 

analysis variable if we had in fact found a difference in weight change between or within our 

groups.  

Additional findings 

When comparing baseline characteristics of men and women it seemed like women had lower 

levels of LDL-C and SBP than did the men. The difference in TC/HDL-C was nevertheless 

not surprising considering that women naturally have higher HDL-C concentration than men. 

Although the number of females is limited in our study sample, the differences found indicate 

that the men in our study sample were unhealthier than the women. This finding  is in 

accordance with the findings in the study by Tonstad et al where young men had slightly 

elevated LDL-C levels than did young women of similar ages (14).  
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As mentioned, both repeated statistical testing and RTM may cause one to find a statistical 

difference even when there is really none. In our trial, the intervention group had a small 

reduction in DBP while the control group reduced their SBP and increased their HDL-C 

significantly. Although all of our P-values were well above our pre-determined threshold for 

significance these findings could still be attributed to biological variation or RTM. It could 

nonetheless be hypothesised that the increase in HDL-C in the control group reflected an 

increased fat intake during the trial. 

5.2.3 Smoking cessation in young adults 

Since the collection of our data has been ongoing for over eight years, it is unfeasible to 

compare the prevalence of daily smokers in our sample with the general prevalence of young 

smokers living in Norway today (147). Nevertheless, in our study the overall prevalence of 

smokers at baseline was 24% which is considerably lower than the prevalence found in the 

predecessor study (37%) (110).  

Although we did not find an association between smoking cessation and group allocation an 

important limitation of our result is the absence of information regarding usage of 

pharmacotherapy support. Hence, we do not know if smoking cessation in the control group 

was due to usage of pharmacotherapy or not. Considering this we cannot rule out that the 

smokers, motivated and unmotivated, quit due to pharmacotherapy usage and that our 

observed effect was unrelated to the intense smoking cessation aid in itself, as was suggested 

by our statistical testing. 

In the CARDIA study (148), the likelihood of young adults to quit smoking was low even 

after an incidence of CHD in the family. Langner et al (149) made similar observations when 

they interviewed offspring of adults with premature CHD with regards to changes in lifestyle 

behaviors after an incident of premature CHD in the family. Also, Langner found that 

smokers were three times less likely than non-smokers to report having made efforts to 

introduce lifestyle behavioral changes. Although the knowledge of one’s own risk with 

regards to CHD may be insufficient for behavioral change in young adults, the 1839-S design 

rely on this argument to promote smoking cessation. Our method may therefore not have had 

the right approach when aimed at young adults, or may have been too short since our 

predecessor study achieved almost a 30% reduction in smokers within a mean duration of 

eight months (110). In addition our subjects might have been less inclined to try to give up 
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smoking since they did not receive the pharmacotherapy free of charge, as the subjects did in 

the predecessor study.  

It may be that there is a need to establish novel methods to reduce smoking prevalence among 

young adults. This has been taken into account for in recent trials that have assessed the 

effectiveness of text messaging (150) and internet based programmes (151) as alternative 

approaches among mature teenagers and young adults. In these studies, text messaging 

resulted in a significant smoking cessation rate of 9% (n=2915) according to the ITT principle 

while an internet based programme resulted in a significant abstinence rate of 22.3% (n=396). 

Nevertheless, in the latter trial smoking cessation was self-reported without any other 

confirmatory measurement. In these trials smoking abstinence was defined as point in time or 

continuous which make them differ further from our design since we only confirmed 

abstinence at follow-up. Although our achieved smoking cessation rate is higher than what 

was achieved in these trials, we lack the necessary information to support a true treatment 

difference. Furthermore, our numbers are too small, making it unfeasible to weigh our results 

against larger trials.  
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5.3 Additional and ethical considerations 

Although there is currently no available data on the mean blood cholesterol levels in young 

adults in Oslo (152), there is data to support that adults with a family history of CHD do have 

higher cholesterol levels compared with adults with no family history (15). As well as a data 

(14;15;153) to support that a clustering of cardiovascular risk factors is more common than 

rare among family members. Since our eligibility criteria only allowed for individuals with 

elevated cholesterol levels, in addition to us lacking relevant information of our non-

responders, we cannot conclude that our target population has a higher prevalence of elevated 

blood cholesterol levels than the average Oslo population. 

In our predecessor study (110), change in total cholesterol was associated with change in 

endothelial adhesion molecules. Likewise, in the PREDIMED study (141) a difference in 

markers of endothelial distress was found, indicating that the intervention induced an anti-

inflammatory effect. A similarity between these two trials is that both produced important 

changes in endothelial markers of distress but non-significant differences in TC. Although it 

is tempting to suggest that the same could be true for our findings, it does not change the 

clinical implication of our results since classic cardiovascular risk factors still remain the 

foremost recommended markers for assessment of risk (40). 

Although desirable, we cannot assess the potential change in future cardiovascular risk in our 

subjects since only NORRISK is a suitable algorithm for Norwegians (154) which does not 

estimate risk in a population younger than 40 years of age. Furthermore, even in subjects aged 

above 40 the risk would be less than one percent.  

At baseline there were 16% of our subjects who could be defined as having the MetS. At 

follow-up 25% of these subjects had improved their metabolic risk factors enough to no 

longer fit the definition. Our numbers are unfortunately too small to detect a treatment 

difference if there is one.  
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Ethical considerations 

Although the ethical committee approved the late protocol modifications of the 1839-S, most 

of our subjects waited longer than the estimated 16 weeks for their follow-up visit. Some 

waited more than one year. This finding has some ethical implications since some of our 

subjects are considered high risk and may warrant medicinal support.  
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6 Conclusion and future perspectives 

In the present study we found: 

a) 

 no statistical differences in change in total cholesterol, HDL-cholesterol, LDL-

cholesterol, triglycerides, waist-to-hip ratio, weight or blood pressure between the 

intervention and the control group 

b) 

 no statistical changes in total cholesterol, LDL-cholesterol, triglycerides, waist-to-hip 

ratio or weight within the intervention group or the control group. 

 a significant reduction in systolic blood pressure in both the intervention and in the 

control group.  

 a significant reduction in diastolic blood pressure in the intervention group. 

 a significant increase in HDL-cholesterol in the control group 

c) 

 no significant association between group allocation and smoking cessation in subjects 

smoking >1 cigarette/day 

In conclusion we failed to show a significant difference in treatment effect in our present 

study data. Although we found significant changes in some risk factors within both groups we 

cannot verify them since we currently lack the dietary data necessary. Our current results 

suggest that dietary counseling given once to young adults with an increased risk of premature 

CHD may be as ineffective as no dietary advice given, with regards to inducing short-term 

changes (mean duration 20 weeks) in classic cardiovascular risk factors.  

  



76 

 

6.1 Future perspectives 

In our results we have raised some questions with regards to what is the most feasible method 

to recruit and treat young adults with elevated cardiovascular risk factors for CHD. 

 There is a very limited number of trials assessing the effects of interventions aimed at 

reducing cardiovascular risk factors in young adults aged 18 to 39 years with elevated 

risk factors. More trials are needed to determine how to best treat and approach this 

particular group. 

 It appears difficult to recruit young adults, especially males, in a population. Future 

trials should explore the feasibility of other recruitment methods than a hospital based 

setting.  

 Since referral by general practitioners appears to be an effective method to recruit 

patients to special preventive care clinics, general practitioners should be encouraged 

to screen subjects with an increased future risk of premature CHD. 

 Although we have not shown a beneficial treatment effect in our trial the dietary data 

retrieved from the 1839-S subjects should be explored to confirm our findings and to 

assess whether our results are due to low adherence to dietary counseling or due to 

preceding dietary changes. 
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Appendix 6 

A summary of common dietary advice and food alternatives suggested during the dietary 

counseling. 

 

 

Dietary advice: Food alternatives suggested: 
Replace red meat high in SF

1
 (>10% 

of energy from fat) with reduced fat 

alternatives (<10% of energy from 

fat) 

Low fat ground beef made of swine, cow or chicken 

Low fat alternatives to sausage such as ham, turkey or 

chicken 

Replace high fat dairy products with 

lower fat alternatives 

Low-fat alternatives to milk, yoghurt, cottage cheese 

and cheese 

Use vegetable fats to replace spreads 

that are rich in SF (e.g. butter, high 

fat cheese) with spreads high in 

MUF and PUF 

Vegetable based spreads, oils, nuts, avocado, olives.  

Mayonnaise based spreads.  

Canola- or olive oil when cooking or preparing foods. 

Increase intake of fatty fish Salmon, mackerel 

Consume nuts daily Any type of nuts 

Increase intake of fiber (soluble) Soluble: Oats, beans, barley, some vegetables and fruit 

Reduce intake of added sugar Regular and flavored carbonated water, artificially 

sweetened or low-sugar alternatives to soda or squash 

Reduce alcohol consumption (if the 

subject had elevated triglycerides) 

Non-alcoholic beverages 

1
 Saturated fat 

2
 Monounsaturated fat 

3
 Polyunsaturated fats 

4
 HDL-cholesterol 


