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 Abstract  

The prevalence of noncommunicable diseases have been rising in the world and account for 70% of 

all deaths globally. Unhealthy lifestyle and lack of physical activity are believed to increase the 

likelihood of cardiometabolic risk factors, individuals are therefore at higher risk of developing lifestyle 

related diseases. Studies have shown that lifestyle intervention programs with emphasis on increased 

physical activity and dietary changes can reduce weight and cardiometabolic risk factors. The 

Diabetes Prevention Program (DPP), a known and well investigated intervention program designed for 

individuals with impaired glucose tolerance has shown promising results. This study evaluated the 

effects of a lifestyle intervention program based on the Diabetes Prevention Program on weight, body 

composition, physical activity, quality of life, and dietary habits among participants.  

This was a prospective, non-randomized 6-month intervention study conducted at Heilsuborg 

clinic in Iceland. A total of 81 participants entered the study of which 49 completed (mean age 48 

years) the intervention program. The research period was from June 2018 to March 2019 and data 

was collected at the beginning and at the end of the program through online questionnaire and 

measurement at the clinic. The measurements were compared before and after intervention using 

paired T-test and McNemar´s Chi-square test. Logistic regression was used to calculate odds ratios 

with 95% confidence intervals to evaluate the effects of different lifestyle factors on weight loss.  

Results show that mean weight loss among participants (N=49) after completing the program 

was 1.97 kg (p=0.001). Mean BMI decreased by 0.55 kg/m2 (p=0.030) and mean fat percentage 

decreased by 0.8% (p=0.007) but change in muscle mass was not significant. Self-reported quality of 

life improved by 23% (p<0.001) and those who underwent the cardiorespiratory fitness test improved 

their distance covered by 0.12 km (p=0.002). Participants reported an increase in exercise frequency 

after the intervention as exercise performed 1-4 times per week increased from 39% to 72% 

(p=0.005). Exercise intensity increased as well as vigorous physical activity increased from 8% to 40% 

after the intervention (p<0.001). Fruit consumption increased as those who reported to consume fruit 

1-2 times per week or more increased from 46% to 65% after the intervention (p=0.020). Changes in 

consumption of vegetables, whole grain, and fish did not change significantly after the intervention. 

Those who consumed fruits 1-2 times per week at baseline were more likely to lose weight during the 

intervention compared to those who consumed fruits never or rarely (OR = 5.92; 95%CI: 1.29 – 

34.62).  

This study suggests that intervention program based on DPP for individuals with 

cardiometabolic risk factors can reduce weight, BMI, fat percentage and increase quality of life, 

fitness, exercise intensity, exercise frequency, and fruit consumption among participants. Moreover, 

higher fruit consumption at baseline was associated with weight loss. 
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Ágrip 

Tíðni lífsstílstengdra sjúkdóma hefur farið vaxandi í heiminum og eru þeir nú taldir valda um 70% 

dauðsfalla um heim allan. Óheilbrigt líferni er talið auka líkur á áhættuþáttum efnaskiptasjúkdóma, 

einstaklingar eru þá í meiri hættu á að þróa með sér lífsstílstengda sjúkdóma. Rannsóknir hafa sýnt að 

lífsstílsinngrip þar sem áhersla er lögð á aukna hreyfingu og bætt mataræði getur lækkað líkamsþyngd 

og dregið úr öðrum áhættuþáttum efnaskiptasjúkdóma. The Diabetes Prevention Program (DPP) er 

vel rannsakað lífsstílsinngrip frá Bandaríkjunum sem er hannað fyrir einstaklinga með skert sykurþol 

og sýnt hefur fram á góðan árangur m.t.t. bætts lífsstíls og minni áhættu á að þróa með sér sykursýki 

af tegund 2. Í þessari rannsókn var notast við íhlutun þar sem árangur lífsstílsnámskeiðs sem byggist 

á DPP var kannaður. Tilgangurinn var að rannsaka hvort námsskeið með það að markmiði að breyta 

lífsstíl þátttakenda sýni jákvæðar breytingar á þyngd, líkamssamsetningu, hreyfingu, mataræði og 

lífsgæði þeirra.  

 Um er að ræða sex mánaða lífsstílsinngrip sem haldið var í Heilsuborg. Þátttakendur 

rannsóknarinnar voru 81 einstaklingar en 49 þátttakendur (meðalaldur 48 ár) kláruðu námskeiðið. 

Rannsóknartímabilið var frá júní 2018 til mars 2019, og var gögnum safnað í upphafi og lok námskeiðs 

með rafrænum spurningalista og mælingum frá Heilsuborg. Mælingar voru bornar saman fyrir og eftir 

námskeið með pöruðu T-prófi og McNemar prófi. Lógistísk aðhvarfsgreining var notuð til þess að 

kanna mögulega áhrifaþætti  þyngdartaps.  

 Niðurstöður rannsóknarinnar sýndu að meðal þyngdartap þátttakenda (N = 49) eftir 

námskeiðið var 1,97 kg (p=0,001). Meðal líkamsþyngdarstuðull minnkaði um 0,55 kg/m2 (p=0,030) og 

meðal fituprósenta minnkaði um 0,8% (p=0,007) en breytingar á vöðvamassa voru ekki marktækar. 

Sjálfsmetin lífsgæði jukust um 23% (p <0,001) og þeir þátttakendur sem tóku þolpróf bættu meðal 

vegalengd sína um um 0,12 km (p=0,002). Æfingatíðni jókst eftir inngripið, hlutfall þeirra sem æfðu 1-4 

sinnum í viku jókst úr 45% í 72% (p=0,005). Æfingarákefð jókst einnig, en erfið æfingarákefð jókst úr 

8% í 40% (p<0,001). Ávaxtaneyslan jókst eftir að hafa tekið þátt í námskeiðinu, 46% sögðust borða 

ávexti 1-2 sinnum í viku eða oftar í byrjun samanborið við 65% eftir námskeið (p=0,020). Ekki varð 

marktæk aukning í neyslu á grænmeti, heilkornavörum og fiski eftir þátttöku á námskeiðinu. Þeir sem 

neyttu ávaxta 1-2 sinnum í viku í upphafi námskeiðs voru líklegri til þyngdartaps samanborið við þá 

sem neyttu ávaxta sjaldan eða aldrei (OR = 5,92; 95%CI: 1,29 – 34,62).  

Þessi íhlutunarrannsókn bendir til þess að lífsstílsinngrip fyrir einstaklinga með áhættuþætti 

efnaskiptasjúkdóma geti dregið úr þyngd, líkamsþyngdarstuðli, fituprósentu og aukið lífsgæði, 

æfingartíðni, æfingarákefð, líkamshreysti og ávaxtaneyslu þátttakenda. Aukin neysla á ávöxtum við 

upphaf námskeiðs jók líkur á þyngdartapi á námskeiðinu.  
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1 Introduction  

The prevalence of noncommunicable diseases (NCDs) is rising in the world and affect all ages, 

groups, regions and countries. NCDs are the result of genetic, physiological, environmental, and 

behavioural factors and now account for 41 million deaths every year, or 70% of all global deaths. 

These deaths are mainly caused by cardiovascular diseases, cancers, chronic respiratory diseases 

and diabetes (1).  

Cardiometabolic risk factors, such as excess weight, high waist circumference, high blood 

pressure, elevated triglycerides, low high-density lipoprotein cholesterol and elevated fasting glucose 

are closely related to diabetes and cardiovascular disease (2,3). These factors increase the risk of 

developing type 2 diabetes, hypertension, overweight/obese, and dyslipidaemia (4) and thereby the 

risk of developing cardiovascular disease (CVD) later in life. Individuals with cardiometabolic risk 

factors do not have a diagnosis of a chronic disease and therefore differ from metabolic syndrome (5).  

Unhealthy diet, lack of physical activity, tobacco use, and alcohol consumption increase the likelihood 

of cardiometabolic risk factors (1). 

 Risk factors for cardiometabolic diseases often cluster together, commonly for overweight or 

obesity, diabetes, hyperlipidemia, and hypertension (6). A research that was conducted on the impact 

of cardiometabolic risk factor clusters on health-related quality of life (HRQL) showed that individuals 

with common cardiometabolic risk factor cluster show lower HRQL score than those without 

cardiometabolic risk factors (7).  

Studies have shown that lifestyle interventions with emphasis on increasing physical activity 

and dietary changes can reduce weight and cardiometabolic risk factors (4,8). There are many 

different forms of lifestyle intervention programs. The prevalence of type 2 diabetes is rising in the 

world (9) and many evidence based intervention programs therefore focus on how effective different 

lifestyle programs are regarding preventing the development of type 2 diabetes.  
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2 Cardiometabolic risk factors 

2.1 Overweight and obesity 

Excess energy that a person does not need from food and drink is stored in the body as adipose 

tissue and can result in excess weight. Fundamental cause of overweight and obesity is an imbalance 

between calorie intake and calorie expenditure (10). Excess body fat is associated with numbers of 

chronic diseases including diabetes, cardiovascular disease and cancer (10). Being overweight or 

obese can therefore reduce life expectancy  (10,11). Body mass index (BMI) is often used to evaluate 

whether a person is overweight or obese. BMI is easy to calculate, a person´s weight (in kg) is divided 

by the square of a person’s height (in meters). The World Health Organization (10) classifies being 

overweight as having BMI between 25 and 30 and obesity is classified as having BMI equal or greater 

than 30. Obesity is categorized into obese class 1, 2 and 3. Obese class 1 has BMI between 30 and 

34.99, obese class 2 between 35 and 39.9 and obese class 3 has BMI over 40.  

 The prevalence of overweight and obesity is rising in the world, since 1975 obesity has 

nearly tripled (10). A large analysis, with 19.2 million participants, studied trends in BMI in 200 

countries from 1975 to 2014. Results showed that age-standardised mean BMI increased globally 

from 21.7 kg/m2 to 24.2 kg/m2 among men and from 22.1 kg/m2 to 24.4 kg/m2 among women (12). 

According to OECD (13) the prevalence of overweight and obese population in Iceland has also been 

on the rice and is now 58%, or the highest prevalence of the Scandinavian countries. A study that The 

Directorate of Health (14) in Iceland conducted in 2017 showed that number of individuals at normal 

weight has decreased from 2007. In 2007 normal weight individuals were 39% of the Icelandic 

population, they were 36% in 2012 and 34% in 2017. At the same time those classified as being 

overweight, with BMI between 25 to 30, has decreased. In 2007 overweight individuals were 40% of 

the Icelandic population, they were 41% in 2012 but 39% in 2017. However, proportion of those who 

are obese has increased, from 20% in 2007 to 27% in 2017 (14).  

 The effects of overweight and obesity on health is well investigated. High BMI is a risk factor 

for diseases like cardiovascular disease, diabetes, musculoskeletal disorders and certain types of 

cancers. The overall risk increases with higher BMI  (10). A meta-analysis of 239 prospective studies 

investigated overweight and obesity and all-cause mortality. Being overweight or obese was 

associated with an higher all-cause mortality (15). Cardiometabolic multimorbidity also increased with 

higher BMI, risk of mortality was twice as high compared to healthy weight individuals, it was almost 

five times higher for individuals with obesity class 1 and 15 times higher for those with obesity classes 

2 and 3 (16). 

 Although BMI is the most widely used measurement to evaluate overweight and obese 

individuals its accuracy of detecting excess body adiposity is often criticised. A study on the subject 

showed that BMI didn’t discriminate between body fat and lean mass with both men and women (17). 

There is evidence that BMI cut-off values need to be reconsidered. A study on BMI and all-cause 

mortality showed both strong and positive association between mortality and the upper limits in the 

normal BMI category (above 24 kg/m2), suggesting that BMI spectrum might need further investigation  

(15). A study on normal weight obesity (NWO), metabolic syndrome and insulin resistance in young 
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adults showed that individuals with BMI within normal range but with high percentage of body fat was 

associated with metabolic syndrome (18). An Icelandic study on NWO adolescents showed similar 

results, NWO adolescents were more likely to have one or more risk factors for metabolic syndrome 

compared to adolescents with normal fat percentage (19). 

 Epidemiologists have been studying the dilemma of how to measure excess adiposity and if 

different measurements show stronger associations with health outcomes (20). There are different 

possible ways to evaluate adiposity, each varying in ease of use and complexity. In a systematic 

review on different measures of adipose tissue showed that precise measures like dual-energy x-ray 

may provide more specific and better associations with diseases compared to simpler measurements 

like BMI or waist circumference. However, the difference between simpler and precise measurements 

is not always that significant (20). 

 One way to evaluate excess adipose tissue in a fairly simple way is by evaluating body 

composition (21). Body composition can be measured with different technologies, the bioelectrical 

impedance (BIA) is one of them. BIA measures the impedance of the body with small electric current, 

it can estimate fat free mass (FFM) and fat mass (FM) through measurement of total body water  (21). 

The BIA has been affective for determining obesity, a specific equation has been developed. However, 

in massively obese individuals the technique overestimates lean mass and underestimates fat mass 

(22). BIA technology can vary in accuracy,  the multifrequency bioimpedance analysis (MFBIA), where 

the whole body is measured, is considered to be more accurate than foot-foot measurement (23).  

 There are many factors that need to be considered regarding measurements on weight and 

excess adiposity in a public health setting. Precise measurements often need expensive equipment 

and specially trained staff. Although precise measurements might be most useful in a study setting to 

determine disease risk it might not be as feasible in a public health setting where simplicity and cost-

effectiveness matters. BMI and waist circumference is well known in medical, scientific and public 

health settings, it is easy in use and therefore many investigators choose those measurements in 

translation to public health messages (20). 

 

2.2 Waist circumference  

Waist circumference is used to measure abdominal obesity and to predict cardiovascular disease 

(CVD) risk (24), mainly because increased visceral adipose tissue is associated with many metabolic 

abnormalities that increases the risk of type 2 diabetes and CVDs (24). Men who have waist 

circumference 102 cm or higher and women who have 88 cm or higher are at greater risk of 

cardiometabolic disease (25).  

        Studies in recent years indicate that waist circumference measurement is more accurate at 

describing fat distribution than body mass index (BMI) (26). A study that was done on Icelandic 

children with obesity indicated that waist circumference was better to predict cardiometabolic 

deviations than BMI and might therefore better at evaluating disease risk (27). Combining these two 

measurements might however improve the overall risk evaluation (24). 
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 It is important to be aware of the fact that many things can affect waist circumference which 

needs to be taken under consideration regarding cut-off points (24). There is a difference in body fat 

distribution between the sexes, men have greater total lean mass and bone mineral mass compared 

to women. Women have in general higher fat mass and greater adipose tissue than men, men have 

less limb fat, greater arm muscle and larger bones but greater central fat distribution. This gender 

difference is related to different sex hormone levels (28).  

 Age effects fat distribution, waist circumference increases with age according to WHO (2008) 

expert consultation on waist circumference. A Finnish study on waist circumference in adults showed 

that waist circumference over a 15-year period increased on average by 2,7 cm in men and 4,3 cm in 

women  (29).  

Cut-off points are often based on studies on European population that do not take in 

consideration other ethnic variations (30). A study of Asians adults showed that body fat is higher in 

Asians at lower BMI (31). Body fat distribution can vary between different ethnic groups and therefore 

can affect risk assessment (30). Studies are not conclusive among other ethnic groups and further 

investigation is needed regarding cut-off points (24).  

 

2.3 Cardiovascular disease and risk factors 

Cardiovascular disease (CVD) are a group of disorders that affect blood vessels and the heart and is 

the leading cause of death globally. It is estimated that in 2016 nearly 17.9 million individuals died 

from cardiovascular disease where 85% were because of heart attack and stroke (32). Worldwide, 

stroke has a huge disease burden as 10.3 million new strokes occurs yearly and causes 113 million 

disability-adjusted life years (DALYs) (33).  

Risk factors for CVDs are elevated blood pressure, blood glucose or blood lipids and/or if an 

individual is overweight or obese. These risk factors indicate an increased likelihood of heart attack, 

stroke, heart failure and other complications (34).  

The World Health Organization (34) states that most CVDs could be prevented with lifestyle 

alterations where the focus is on healthy diet, weight management, physical activity and no alcohol 

consumption nor tobacco use (34). 

CVD risk factors often cluster together and affect one another. A study on BMI and its effect 

on hypertension and cardiovascular health indicated that increased BMI lead to an increase in blood 

pressure and the association was both positive and linear from BMI of 18.5 to 30.0 (35). Another study 

on the subject, where effects of obesity severity on hypertension, diabetes, dyslipidaemia and 

metabolic syndrome were investigated showed that an increase of obesity class resulted in an 

increased risk for those diseases mentioned (36).  

A study on hypertension and cardiovascular disease mortality and all-cause mortality was 

conducted in Iceland from 1967-1996. The research showed that those with treated hypertension had 

lower CVD mortality compared to those with untreated or uncontrolled hypertension. Systolic blood 

pressure was the best predictor of CVD mortality and all-cause mortality in women with treated 

hypertension (37). Risk factors for stroke can be both non-modifiable and potentially modifiable. 

Hypertension is the most important modifiable risk factor for stroke and is responsible for 65% of lost 
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disability-adjusted life years (DALYs) in stroke incidence in low- and middle-income countries and 60% 

in high income countries (38). The Global Burden of Disease (GBD) 2013 study stated that modifiable 

risk factors caused more than 90% of all strokes, 75% of these incidence could be reduced by 

controlling behavioural and metabolic risk factors (33). 

CVDs can be costly for societies; they can cause disability. DALYs are estimated to increase 

from a loss of 85 million DALYs in 1990 to 150 million in 2020, becoming the leading cause of loss 

productivity (39). Since most risk factors for CVDs are preventable with lifestyle adjustments (34) it is 

an important factor in public health prevention. Good guidelines in clinical practise are important for 

health promotion and improving patient outcomes. European Guidelines on cardiovascular disease 

prevention in clinical practice has defined characteristics of people who stay healthy. To stay healthy 

council experts recommend no tobacco use, exercise of at least 30 minutes five times a week, healthy 

eating habits, not being overweight, having blood pressure below 140/90 mmHg, having blood 

cholesterol below 5 mmol/L, having normal glucose metabolism and avoid excessive stress (40).  

A research on stroke prevention and strategies with a global focus reflected that effective 

tobacco control, adequate nutrition and development of healthy cities (where environment encourages 

healthy living) are crucial for primordial prevention. For primary prevention of stroke polypill strategies, 

mobile technology, salt reduction and other dietary interventions were affective. For secondary 

prevention a collaboration between different health-care sectors, government policies and campaigns 

were successful (41).  

 

2.4 Diabetes and impaired glucose tolerance  

Diabetes is a disease where the pancreas cannot produce enough of the hormone insulin or the body 

cannot use the insulin it produces. Insulin is a crucial hormone that regulates blood sugar levels in the 

blood. If an individual has raised blood sugar (e. hyperglycaemia) over extended period that is not 

treated it can lead to damage on many of the body’s systems like the nerves and blood vessels. 

Diabetes can also cause blindness, kidney failure, heart attacks, stroke or lower limb amputation (9).  

 There are two types of diabetes, type 1 and type 2. Type 1 is known as insulin dependent, 

where an individual does not produce enough insulin and requires daily administration of the hormone. 

Type 2 diabetes is much more common disease that happens when the body cannot use the insulin it 

produces. Type 2 diabetes is largely caused by excess body weight and physical inactivity. A person 

is considered to have diabetes when fasting blood glucose is higher or equal than 7 mmol/L. When a 

person has impaired glucose tolerance (IGT) and impaired fasting glycaemia (IFG), they are at high 

risk of developing type 2 diabetes. It is when blood glucose is elevated and above normal values but 

not high enough to classify as having diabetes (9). IFG is classified as having fasting glucose that 

ranges from 5.6-6.9 mmol/L and IGT cut off points ranges from 7.8-11.0 mmol/L (42). Having values 

lower than that is classified as normal values. Gestational diabetes happens during pregnancy and is 

similar to IGT and IFG, the glucose values are elevated and above normal values but not high enough 

to classify as having diabetes. Women who have gestational diabetes have an increased risk of 

complications during pregnancy and delivery, their children are at risk as well of developing diabetes 

later in life (9). 
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The prevalence of type 2 diabetes has been rising rapidly in the world, especially in middle- and 

low-income countries (9). The World Health Organization (9) estimated in 2014 that around 422 million 

individuals worldwide suffered from diabetes, a number that is likely to more than double over the next 

20 years. The prevalence of type 2 diabetes has also been on the rising in Iceland. A study on 

diabetes type 2 prevalence in Iceland between 1967 to 2002 showed that in the 30-year period type 2 

diabetes prevalence increased by 48% among males and 53% among women (43).  In another 

Icelandic study on type 2 diabetes and BMI and its development over a 40-year period (1967-2007) 

showed that mean BMI had increased by two units among men and women. In the same time period 

type 2 diabetes prevalence doubled among men and increased by 50% among women. This study 

showed a dose-response relation between higher BMI and prevalence of type 2 diabetes (44). 

According to Kramer et al (45), obesity is one of the biggest modifiable risk factor in type 2 diabetes 

prevention.   

Type 2 diabetes has been strongly related to excess fat within the liver and pancreas, therefore  

weight gaining can increase the risk of type 2 diabetes (46). Individuals with type 2 diabetes often 

have disease-related morbidity and reduced longevity. The disease is becoming more common among 

young obese people and more number of life-years are therefore lost through the disease (47). When 

an individual is diagnosed with type 2 diabetes it doesn’t necessarily need to be a permanent one. 

There is a possibility of remission of type 2 diabetes if the individual changes his lifestyle and loses 

weight within 6 years after diagnosis (48). 

It is estimated that over 84 million Americans have impaired glucose tolerance (IGT), that is 1 

out of 3 adults. Big proportion of that number don’t know that they have IGT and without any change in 

lifestyle individuals have a high risk of developing type 2 diabetes within 5 years (49). In Iceland there 

is no record for IGT prevalence but since BMI and type 2 diabetes incidence is rising in Iceland (14,50) 

one can assume that IGT prevalence is rising as well.   

Studies have shown that lifestyle interventions with emphasis on increased physical activity 

and dietary changes can reduce weight and cardiometabolic risk factors such as impaired glucose 

tolerance. Intervention programs can delay or prevent the onset of type 2 diabetes among individuals 

with impaired glucose tolerance or at high risk of developing the type 2 diabetes (4,8,51,52).  
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3 Nutritional guidelines  

3.1 Healthy diet and public health  

Healthy diet throughout life can help prevent malnutrition and noncommunicable diseases like 

diabetes, heart disease, stroke and cancer. Today, unhealthy diet and low physical activity have 

become the leading global risk to health. Production of processed foods, urbanization and lifestyle 

changes have resulted in changes in dietary patterns and have led to an increased consumption of 

foods high in energy, fats, sugar and salt/sodium (1,53).  

 The Directory of Health in Iceland (54) publishes recommendations on diet and nutrition. In its 

latest update the focus is on healthy dietary patterns rather than focusing on a specific nutrient, eating 

diverse foods in modest amount, eating regularly and enjoying food intake (55). Studies have shown 

that adherence to healthy dietary patterns rather than consumption of special nutrient or food is 

associated with lower risk of stroke and better cardiovascular health (56–58). The Icelandic 

recommendations are set up to be simple and easy to understand. The recommendations have 

emphasised on the consumption of fruits and vegetables, whole grain, fish, healthy fats and less salt 

and sugar. Icelanders are also advised to use vitamin D supplements over the darkest months of the 

year, when direct sunlight is low (54).   

 The recommendations advice that fruit and vegetable consumption should reach at least five 

portions each day or 500 g in total, where at least half should be vegetables. According to the 

Directory of Health in Iceland only 16% consumed vegetables two times each day or more, fruit 

consumption was the same or 16% ate fruits or berries two times a day or more (14).  

Whole grain is recommended to be consumed at least twice a day, it is important for digestion 

and is a rich source of vitamin B, vitamin E, magnesium and fibre (Embætti landlæknis, 2017). Diets 

that consists of low fruit, vegetable and whole grain but are high in sodium and sweet-sugar 

beverages have been associated with an increased risk of stroke (38). A series of systematic reviews 

of data from 185 prospective studies and 58 clinical trials suggests that those who consumed high 

fibre diet had 15-30% decrease in all-cause and cardiovascular mortality, heart disease, stroke 

incidence and mortality, type 2 diabetes and colorectal cancer compared to those who consumed low 

fibre diet. Those who consumed high fibre diet had lower body weight, systolic blood pressure and 

total cholesterol compared to those of low fibre diet. Risk reduction was apparent when consuming 

fibre between 25 g and 29 g per day (59) 

The World Health Organization guideline on sodium intake (60) recommends salt intake for 

adults less than 2 g/day to prevent NCDs (60). Reducing salt intake in a diet has been linked to a 

lower systolic blood pressure, which is crucial in stroke prevention (61). Therefore, sodium restricted 

diet can be beneficial to stroke prevention which is the leading cause of mortality worldwide (1,60,62) .  

The Directory of Health in Iceland (2017) recommends that fish should be a part of a weekly 

diet two to three times a week, where fatty fish should be consumed at least one times per week. Fatty 

fish is rich of vitamin D and omega 3 fatty acids which is mainly found in seafood. Studies have shown 

that regular consumption of fatty fish can lower the risk of cardiovascular disease (63–65). According 
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to the Directory of Health in Iceland 49% of Icelanders reached the recommended fish consumption 2-

3 times per week (14).  

In the study for this thesis dietary habits were evaluated with food frequency questionnaire 

(FFQ). The focus was to evaluate fruit and vegetable consumption, whole grain and fish consumption.  

 

3.2 Food Frequency Questionnaire (FFQ) 

Information on persons diet can be useful in public health and in disease risk prevention (66). Food 

Frequency Questionnaires (FFQ) are used to measure dietary habits in epidemiologic studies among 

individuals. Respondents are asked how often and how much food they consumed over a certain time 

period. FFQs can be self-registered or collected through an interview. This method makes it possible 

to research dietary patterns over a long period in a simple and a cost-effective way without being time 

consuming. The questionnaires can be adjusted to each research group (67). FFQs main 

disadvantage is that the evaluation of food frequency relies on participants memory of their diet. 

Therefore it is important to use FFQs that have been tested and validated (68). The FFQ for this thesis 

has been validated to minimize the risk of measurement errors (69).  
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4 Physical activity  

The World Health Organization publishes recommendations for physical activity. They have advised 

18-64-years old to exercise for at least 150 minutes of moderate-intensity aerobic exercise per week 

or do at least 75 minutes of vigorous-intensity aerobic exercise per week. Each exercise must last for 

at least 10 minutes and muscle strengthening activities should be performed 2 days a week or more 

(70). The recommendation on physical activity from the Directory of Health in Iceland (71) advice adult 

individuals to exercise at least 30 minutes per day of moderate intensity where each exercise lasts 

longer than 10-15 minutes.   

The development of a modern society encourages physical inactivity (72,73) and todays data 

on physical inactivity shows that 23% of adults and 81% of adolescents do not meet the 

recommended physical activity according to WHO. Estimated global cost of physical inactivity is 

estimated to be 54 billion INT$ a year in direct health care (73). According to data from Eurostat 

almost half of European population over 18 years didn’t participate in any sport but third spent at least 

two and half hours per week doing physical activities in their leisure time in 2014. The highest 

proportion of those who exercised at least two and half hours per week was in the Nordic countries, 

with Finland (54%), Denmark (53%) and Sweden (53%) at the top (74). A research that was 

conducted on the prevalence of physical activity in European adults showed that 61% attained the 

physical recommendation of ≥30 minutes of at least moderate physical activity ≥ 5 times a week. 

However, 40% of the European population weren’t active enough to be beneficial to their health (75). 

According to the Directory of Health in Iceland 10% of individuals exercised every day and 16% 

exercised 5-6 times per week for 30 minutes in 2017 (76).  

The benefits of physical activity and exercise on health has been well established. Physical 

activity lowers the risk of diseases like cardiovascular disease, hypertension, diabetes and certain 

types of cancers (70,77,78). Research has shown that physical activity is protective against premature 

mortality as well as cause-specific mortality (79). Regular physical activity is one of the key factors in 

health and wellbeing, research has suggested that physical activity and exercise has beneficial effects 

on several mental-health outcomes and physical activity has been associated with better quality of life 

(80).  

Studies have shown that individuals who stay physically active are less likely to develop IGT, 

individuals who train regularly have greater glucose tolerance and lower insulin response when 

compared to sedentary individuals (81,82). Regular physical activity has benefits on insulin sensitivity 

even beyond 72 hours of last exercise (83).  

Since the literature on the benefits of physical activity is clear it is important to be aware of the 

time individuals spend sitting down. Sitting for long periods of time can compromise metabolic health, 

it can increase the risk of cardiometabolic risk factors even if an individual meets the recommended 

physical activity. If a person sits most of the day it can affect one’s health. Therefore, focusing on 

minimizing the leisure time as well as increasing physical activity can be beneficial to health (84). A 

research on sitting time and all-cause mortality risk showed that the association between sitting and 

all-cause mortality was apparent, prolonged sitting is a risk factor independent of physical activity  

(85). It is therefore important to encourage physical activity and minimize time sitting as much as 
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possible. Changing the way an individual travel between places can matter. A country that is 

economically developed often has lower physical activity, even as high as 70%, due to changes in 

transportation, increased technology and urbanization (73). A study that was conducted on commuting 

showed a decrease in BMI by 0.30 if individuals switched from car commuting to active or public 

transportation. Among those individuals that switched from active or public transportation to car 

commuting there was an increase in BMI by 0.32 (86).  

The need to increase physical activity is clear, it can be complex because of challenges in a 

modern society. However, changing the way we travel between places and decreasing the time spent 

sitting might be a good way to start.  

 

4.1 Physical activity evaluation and cardiorespiratory fitness  

Objective and subjective methods are currently used to measure physical activity (87). Physical 

activity questionnaires (PAQs) are convenient in a large-scale study because of their low cost and 

they are easy to implement. Usually PAQs evaluate physical activity the last 7 days during a “typical 

week” either administered by interview or self-administered. PAQs have acceptable reliability (88) but 

they are prone to measurement error such as overreporting, misreporting or lack of recall of the event 

(89).  

 Another way to evaluate physical activity is by measuring physical fitness. Physical fitness is 

usually expressed as cardiorespiratory fitness and is measured by different exercise tolerance tests 

(90). VO2max is the maximum ability to use oxygen and determines ones cardiorespiratory fitness 

(91). Research has shown that an individual with higher VO2max has a decreased risk of heart failure 

incident (92) and mortality (93).  

Many different tests have been developed to measure VO2max in group setting where it is not 

possible to directly measure oxygen consumption. These tests are usually from submaximal exercise 

setting where VO2max  is predicted based on the relationship between heart rate and oxygen uptake 

(94). One of these tests is known as the 12-minute walk/run test or Cooper test.  

 Cooper test is a 12-minute field or treadmill performance to estimate maximal oxygen uptake. 

The test is easy to adapt to a large group setting and needs minimum equipment. The test measures 

distance covered and from that estimates the VO2max with the following formula (95): 

VO2max (ml · kg−1 · min−1) = (22.351 × distance covered in kilometers) − 11.288 

In a study on Cooper test validity to estimate VO2max showed that there was a significant correlation 

with distance covered in the Cooper test and VO2max, the equation is thought to be a valid method to 

evaluate cardiorespiratory fitness (96).  

5 Lifestyle intervention programs  

Protecting and promoting health is one of the key factors in human welfare and people rate health as 

one of their highest priorities in most countries (97). The prevalence for NCDs are rising worldwide, 

especially in low-income and middle-income countries with more than three quarters of NCD deaths 

globally (1).  



  

22 

 Socioeconomic status (SES) can determine individuals likelihood of being exposed to  

environmental and other risk factors for health (98). Individuals with lower SES and other ethnic 

minority groups have a greater risk of diabetes compared to white adults  (99,100). Since diabetes 

incidence are rising in the world (9) many intervention program focus on diabetes incidence as an 

outcome. Studies have shown that lifestyle intervention programs that focus on increased physical 

activity and dietary changes have been affective regarding weight loss and cardiometabolic risk 

factors (4,8). 

Since access to health promotion and prevention is important for health there needs to be a 

good health financing system if the service is to be available for all members of society (97). The 

Diabetes Prevention Program (DPP) is a well investigated, cost-effective lifestyle intervention program 

that has been successful in type 2 diabetes prevention  (101).  

 

5.1 The Diabetes Prevention Program  

The Diabetes Prevention Program (DPP) is a well-known lifestyle change program that was developed 

to decrease the risk of developing type 2 diabetes among individuals with impaired glucose tolerance 

(101). The program is recognized as a lifestyle change program by the Centres for Disease Control 

and Prevention (CDC) in America (102).  

The DPP program runs for 1 year. First 6 months participants will meet specially trained 

lifestyle coaches about once a week, or total of 16-sessions, where each session lasts for about an 

hour. In these sessions’ participants are educated on nutrition, exercise and behavioural self-

management. The first eight sessions focus on fundamental knowledge on modifying energy intake 

and increasing energy output. Participants are helped to self-monitor their diet and physical activity.  

The latter eight sessions focus on the psychological, social and motivation challenges participants 

might face in maintaining the healthy lifestyle behaviour. The focus in the program is on weight loss 

and increased physical activity as an outcome. Weight goals for the participants is to lose 7% of initial 

body weight and to reach a minimum of 150 minutes of exercise per week. The second 6 months is a 

follow up program where participants will meet the lifestyle coaches once or twice a month. The follow 

up involves meeting the coaches face-to-face once every 2 months and be contacted by phone 

between visits (103).  

The DPP initial study was a 27-center randomized clinical trial to evaluate whether a lifestyle 

intervention program or pharmacological therapy of metformin would prevent or delay the onset of 

type 2 diabetes among individuals with impaired glucose tolerance (IGT) (104). The study included 

3234 overweight participants which had IGT of ≥7.8 to <11.1 mmol/l and fasting plasma glucose (FPG) 

between 5.3 and 6.9 mmol/l. Participants were volunteers and were randomized into three treatment 

groups, (1) intensive lifestyle intervention (n=1079), (2) standard advice and metformin drug (n=1073) 

(3) and standard advice and placebo (n=1082). Participants of the intensive lifestyle group were 

assigned a weight loss goal of 7% of initial body weight and moderate-intensity physical activity of 150 

minutes per week. Participants were to achieve their weight loss through dietary changes by reducing 

calorie intake and fat consumption in the first 6 months of the program. The results showed that both 

metformin and the lifestyle intervention groups decreased the incidence of type 2 diabetes compared 
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to the placebo group. The lifestyle intervention decreased the type 2 diabetes incidence by 58% and 

the metformin group by 31% three years after the intervention took place (101).  

A 10 year follow up study on the DPP program showed that diabetes incidence since last 

researched was reduced by 34% in the lifestyle group and 18% in the metformin group when 

compared to the placebo group (105). In a long-term effect study, 10 years after the DPP program, on 

cardiovascular risk factors showed that those in the metformin group that continued to take the drug 

improved their risk factors for cardiovascular diseases like high cholesterol or blood pressure. 

However, those from the lifestyle intervention group achieved the same results but with lower rates of 

blood pressure and cholesterol lowering medications (106). In another study 10 years after the DPP 

program showed that the lifestyle intervention was cost-effective compared to the placebo group 

(107). A 15 year follow up on the program showed a 27% delay in diabetes development compared 

with the placebo group (108).  

 

5.1.1 Nutritional guidelines in the DPP program  

Weight loss is measured as an outcome in the DPP program, to achieve a 7% weight loss goal in the 

first 6 months of the program participants need to make some adjustments to their diet.  

Calorie goal for each participant is calculated by estimating the calories needed every day to 

maintain participants initial weight and subtracting 500-1000 calories each day, depending on 

participants initial weight. This is to achieve a weight loss of 0.5-1 kg (1-2 pound) each week. Each 

participant is not to consume more than 25% of total calories per day from fat. Participants are 

encouraged to gradually achieve their dietary goals through better choices of meals and healthy 

snacks in-between meals and get booklet developed by the DPP to help with meal sizes, choices and 

food register (103).  

 Each participant in the program was assigned a case manager known as a lifestyle coach. 

Most of the lifestyle coaches in the trial were registered dietarians, commonly with a master´s degree 

in exercise physiology, behavioural psychology or health education. Participants tracked their meals 

and physical activity and reported to their lifestyle coach each week (103).  

 

5.1.2 Exercise guidelines in the DPP program  

Exercise minutes is measured as an outcome in the DPP program. The physical activity goal is to 

reach at least 150 minutes of moderate intensity each week. This goal was chosen to increase energy 

expenditure and is according to public health recommendations to physical activity. DPP participants 

had a weekly physical activity goal to help them reach 150 minutes. The program emphasised on brisk 

walking as the mean to achieve but participants were introduced to other activities with equivalent 

intensity. Participants can divide their exercise minutes to different days, but each exercise had to last 

at least 10 minutes. Strength training can be applied with the maximum of 75 minutes of the 150-

minute activity goal. Participants were encouraged to other lifestyle activities like using the stairs, 

gardening and stretching but it would not be included in the 150-minute goal although it would be 

beneficial to their health (103).  
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5.1.3 Behavioural self-management 

Participants in the DPP program were taught behavioural strategies to remain long-term changes in 

their diet and to maintain weight loss. These behavioural strategies included self-monitoring of weight, 

ways to monitor their intake and physical activity, problem solving skills, stress management and ways 

to stay motivated. By introducing participants with different strategies, they learned how to make 

healthier choices on their own and maintain lifestyle behaviours long-term. These skills were taught 

gradually in the first weeks of the program and positive behaviour was recognized and reinforced by 

their lifestyle coach (103). 

 

5.1.4 The DPP program nationwide 

Although the DPP program has been successful and cost-effective there is no model available for 

nationwide dissemination. Translating interventions successfully can be challenging since lifestyles 

are affected by cultural and social factors (109). Still, other countries have attempted to adapt the DPP 

program. The Finnish DPP program was successfully adapted with equivalent results as the American 

one (110) while the Chinese Da Qing DPP study showed 40% reduction of diabetes incidence with the 

lifestyle group (111). There has also been modified shorter translational studies of the DPP program, 

like the Sidney Diabetes Prevention Program, where participants attended fewer sessions but still 

showed a 30% risk reduction in diabetes incidence (112). Fully digital DPP programs have been 

recognized by the CDC which can be a cost-effective way in diabetes prevention nationwide (113).  

In a systematic review on effectiveness of program modification strategies of the DPP program 

showed that the program is vigorous to different cultural adaptation and translational strategies. When 

the program is adapted to be cost saving it does not seem to reduce its effectiveness on diabetes 

outcome. However, maintenance phase after the first 6 months is important, they significantly reduce 

risk of developing type 2 diabetes (114).  

 

5.2 Dropout and lifestyle interventions 

Dropout rates in weight management interventions can be high. In a systematic review on the subject 

showed that dropout rates from weight loss interventions varied from 10-80%, depending on program 

type and setting (115). Mattfeldt -Berman et al (116) research attendance at intervention programs 

and pointed out that adherence to a program relates to long term success where participants are more 

likely to exercise regularly and use self-monitoring strategies. Other studies on the subject show 

similar results, adherence is the key to achieve long term weight loss (117).  

However, keeping participants in the program is challenging. In a study on obesity intervention 

dropout showed that most participants dropout of the program after the first session, or about 80% of 

those who quit the program (118). A systematic review showed that three main variables affected 

adherence in weight loss interventions. Supervised attendance programs have lower dropout rates 

than unsupervised ones, interventions with social support have higher adherence compared to no 



  

25 

social support and programs with dietary intervention alone have lower dropout rates than exercise 

programs alone (117).  

A study on lifestyle intervention and impacts of dropout rates showed that the non-completers 

of the program had slightly lower weight, BMI and waist circumference compared to the completers. 

The non-completers were likelier to have a full-time job and didn’t have as many of obesity related 

diseases and were less depressed as those who completed the program (118). Another study showed 

that younger participants are more likely to quit than older participants (119). Expectations to weight 

loss at the beginning of the program can influence dropout, those with higher expectations regarding 

weight loss at the beginning of the program have higher dropout rates (119). Another research 

showed that if participants show little improvement to their BMI on the first two weeks of the 

intervention, the likelier they are of dropping out of the program (120).  

 There seem to be many different reasons for dropout at weight loss programs. Most studies 

investigate those who completed the program but not those who dropped out and therefore it can be 

challenging to pinpoint exactly the reason participant dropout. Awareness of these factors could help 

structure a program to avoid high drop-off rates.  

 

5.3 Lifestyle intervention and modern medicine  

In today’s world digital innovations have an opportunity to support and promote individuals of all ages 

to make healthier choices in their lives (73). Growing technology and ownership of mobile phones all 

over the world (121) can be an interesting and cost-effective way to improve health, especially in low 

income countries where health service is limited and health gap in knowledge is present. Mobile health 

applications (apps) can be adapted to the individual resulting in an patient-centred messaging which 

encourages behavioural change (122). 

There are growing numbers of mobile health apps on the market but very few of them are 

evidence based, creating a gap between research and the market (123). A study that was conducted 

on weight-loss mobile apps and behavioural strategies analysed the DPP program and identified 

strategies of the program. Then, 30 mobile health apps were analysed and seven technology-

enhanced features that support the program were identified. Results showed that the features that 

should support the DPP program are a barcode scanner, physical activity tracking, online social 

network, meal reminder, tracking of stress or negative thoughts, a calendar and rewards for reaching a 

dietary goal (124). An app that includes most of these features should be beneficial to the DPP 

program, it might be a good way to reduce program cost so that it is available for all in need.  

 

5.4 Lifestyle intervention and Quality of Life  

The World Health Organization has defined Quality of Life as “an individual´s perception of their 

position in life in the context of the culture and value systems in which they live in and in relation to 

their goals, expectations, standards and concerns” (125).  

There are many different things that can affect Quality of Life. The literature on Health Related 

Quality of Life (HRQoL) suggests that obese individuals show lower HRQoL compared to those who 
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are at normal weight (126–128). In a 10 year follow up research on HRQoL among severely obese 

individuals showed that HRQoL was associated with the magnitude of weight loss or weight gaining 

(129). Diabetes has also been associated with poor health-related quality of life (130) and individuals 

with diabetes related problems have reduced HRQoL when compared to those without diabetes 

related problems (131,132).  

HRQoL has been studied in relation to prevention or intervention programs. A study that was 

conducted on HRQoL among subjects in the Diabetes Prevention Program showed an improvement in 

HRQoL among those who achieved weight loss and increased their physical activity after the 

intervention when compared to those without treatment (133). Staying physically active and eating 

healthy are major determinants of health, they decrease disease risk and weight gain (134). 

Therefore, promoting these factors has the potential of reducing weight and disease risk as well as 

improving quality of life.   

Since HRQoL is often lower among obese individuals increased quality of life is one of the 

most important outcomes for themselves. The term Self-Efficacy (SE) has been used to describe an 

individual’s perception of their ability to successfully perform a certain behaviour. If an individual 

believes he can perform the behaviour successfully he is more likely to engage in it (135). In relation 

to weight loss and intervention programs SE can therefore have great impact on weight loss and if an 

individual completes an intervention program or not. A study on self-efficacy and quality of life in a 

lifestyle intervention program has shown that if an individual’s BMI decreased by one unit there was an 

increase in self-efficacy (136). SE is therefore an important factor in lifestyle intervention program 

outcomes.  
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6  Specific aims 

The research that was conducted for this thesis is an intervention study for individuals with 

cardiometabolic risk factors at Heilsuborg clinic. The participants of the study attended educational 

classes based on the Diabetes Prevention Program (DPP), but participants were also guided through 

a health app in between classes where they could seek support. The aim of this study was to 

investigate whether a lifestyle intervention program adapted from the DPP program for adults with 

cardiometabolic risk factors can achieve clinically meaningful changes among participants.  

 

Specifically, we aim to investigate whether the adapted DPP lifestyle intervention program can: 

 

1. Achieve clinically meaningful changes (5-7%) in body weight and body composition (e. fat 

mass and muscle mass) among individuals with cardiometabolic risk factors.  

2. Increase fruit, vegetable, fish and whole grain consumption among individuals with 

cardiometabolic risk factors. 

3. Show improvement in the frequency and level of strain of physical activity individuals with 

cardiometabolic risk factors.  

4. Increase quality of life among individuals with cardiometabolic risk factors.  
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Abstract 

Objectives: This study evaluates the effects of a lifestyle intervention program based on the Diabetes 

Prevention Program (DPP) on weight, body composition, physical activity, quality of life, and dietary 

habits among participants.  

Methods: This was a prospective, non-randomized 6-month intervention study conducted at 

Heilsuborg clinic in Iceland. A total of 81 participants entered the study of which 49 completed (mean 

age 48 years) the program. The research period was from June 2018 to March 2019 and data was 

collected at the beginning and at the end of the program through online questionnaire and 

measurement at the clinic. The measurements were compared before and after intervention using 

paired T-test and McNemar´s Chi-square test. Logistic regression was used to calculate odds ratios 

with 95% confidence intervals to evaluate the effects of different lifestyle factors on weight loss.  

Results: Mean weight loss among participants (N=49) after completing the program was 1.97 kg 

(p=0.001). Mean BMI decreased by 0.55 kg/m2 (p=0.030) and mean fat percentage decreased by 

0.8% (p=0.007) but change in muscle mass was not significant. Self-reported quality of life improved 

by 23% (p<0.001) and those who underwent the cardiorespiratory fitness test improved their distance 

covered by 0.12 km (p=0.002). Participants reported an increase in exercise frequency after the 

intervention as exercise performed 1-4 times per week increased from 39% to 72% (p=0.005). 

Exercise intensity increased as well as vigorous physical activity increased from 8% to 40% after the 

intervention (p<0.001). Fruit consumption increased as those who reported to consume fruit 1-2 times 

per week or more increased from 46% to 65% after the intervention (p=0.020). Changes in 

consumption of vegetables, whole grain, and fish did not change significantly after the intervention. 

Those who consumed fruits 1-2 times per week at baseline were more likely to lose weight during the 

intervention compared to those who consumed fruits never or rarely (OR = 5.92; 95%CI: 1.29 – 

34.62).  

Conclusion: This study suggests that intervention program based on DPP for individuals with 

cardiometabolic risk factors can reduce weight, BMI, fat percentage and increase quality of life, 

fitness, exercise intensity, exercise frequency, and fruit consumption among participants. Moreover, 

higher fruit consumption at baseline was associated with weight loss. 

 

Keywords: intervention study; cardiometabolic risk factors; The Diabetes Prevention Program; weight 

loss; body composition; body mass index; dietary habits; physical activity; quality of life 
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Introduction 

Noncommunicable diseases (NCDs) account for 41 million deaths yearly, or 70% of all global deaths, 

the majority are because of cardiovascular disease, cancers, chronic respiratory disease, and 

diabetes. NCDs are rising in the world and they are influenced by genetic, environmental, and 

behavioral factors (1). Most NCDs can be prevented with lifestyle adjustments where emphasis is on 

healthy diet, physical activity, weight management and minimizing alcohol and tobacco use (1). 

Poverty and NCDs are closely related, individuals with lower socioeconomic status (SES) are more 

likely to get NDCs (2,3)  and have higher premature mortality rates compared to those of higher social 

positions (1). 

Diabetes prevalence has been rising rapidly worldwide, especially in middle- and low income 

countries, and is now the seventh leading cause of death globally (4). Majority of those with diabetes 

have type 2 diabetes which is largely the result of excess weight and lack of physical activity (4). Type 

2 diabetes prevalence has been rising in Iceland like with the rest of the world. From 1967 to 2002 

diabetes prevalence increased by 48% among men and 53% among women in Iceland (5). The 

disease is becoming more apparent in young people and therefore more life-years are lost due to the 

disease (6).  

Cardiometabolic risk factors, such as excess weight, high waist circumference, high blood 

pressure, elevated triglycerides, low high-density lipoprotein cholesterol, and elevated fasting glucose, 

are closely related to diabetes and cardiovascular diseases (7,8). These factors increase the risk of 

developing type 2 diabetes, hypertension, overweight/obese, and dyslipidaemia (9) and thereby the 

risk of developing cardiovascular disease (CVD) later in life. Prediabetes increases the risk of 

developing type 2 diabetes (4) and it is estimated that 1 in 3 adults in America have prediabetes and  

many cases may be undiagnosed (10).  

 Studies have shown a strong relation between high BMI and type 2 diabetes (11–13). 

According to OECD the prevalence of overweight (BMI 25-29.9 kg/m2) and obesity (BMI>30 kg/m2) 

has been rising rapidly in Iceland and now accounts for 58% of the population which is the highest 

prevalence among the Nordic countries (14). The Directorate of Health in Iceland have performed 

comprehensive studies on the health and well-being of Icelanders since 2007 and have reported an 

increase in obesity (BMI>30 kg/m2), from 20% of population in 2007 to 27% in 2017 (15). Weight 

management is one of the biggest modifiable factor in preventing type 2 diabetes (11), staying 

physically active and eating healthy can prevent weight gaining and improve quality of life (16,17). 

Obese individuals report lower health-related quality of life (HRQoL) compared to those of normal 

weight according to WHO definition (BMI 18.5-24.9 kg/m2)(18–20). Self-efficacy is an important term in 

relation to quality of life, if an individual believes he can perform a certain behavior, like lose weight, he 

is more likely to engage in it (21,22). These factors can therefore matter in a lifestyle intervention 

program when the focus is on behavioral change that results among others in weight loss.  

Previous studies have shown that lifestyle intervention programs with focus on increased 

physical activity and dietary changes can be effective in weight management and reduce 

cardiometabolic risk factors (9,23). The Diabetes Prevention Program (DPP) is a lifestyle change 

program that was developed in America to decrease the risk of developing type 2 diabetes among 
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individuals with impaired glucose tolerance. Studies have shown that participants in the DPP program 

reduce diabetes incidence by 58% compared to a placebo group (24). Diabetes reduction was still 

apparent among participants of the lifestyle intervention program 10 years later as diabetes incidence 

was 34% lower among participants compared to the placebo group (25). The DPP program has been 

tested and studied in Europe with equivalent results as shown in America (26).   

Evidence-based lifestyle intervention program for individuals with cardiometabolic risk factors or 

for diabetes prevention has not been available in Iceland until Heilsuborg clinic implemented the 

program in 2017. The aim of this study was to evaluate whether a lifestyle intervention based on DPP 

for individuals with cardiometabolic risk factors can show clinically meaningful changes in weight, body 

composition, physical activity, quality life, and dietary habits.  

 
Methods 

Study design and participants 

Participants of the study were adult individuals with cardiometabolic risk factors living in Reykjavík and 

nearby areas. The intervention program was advertised in a local newspaper and on social media, 

participants self-registered into the lifestyle intervention program and paid participation fee. All 

participants that registered in the program were invited by Heilsuborg clinic to participate in the study. 

The study was introduced to subjects attending the program in their second educational lecture. If they 

agreed to participate in the study, they were asked to sign an informed consent but were informed that 

they could withdraw their participation at any time. Data from three intervention groups was used for 

this research and data collection was ongoing from June 2018 to March 2019. The study was 

approved by the Bioethics Committee of Iceland (VSNb2018040012/03.01). 

 

Lifestyle intervention program  

The lifestyle intervention program was conducted at the private health and fitness clinic Heilsuborg. At 

the beginning of the program participants met a nurse for a 30-minute interview, participants then 

attended 10 educational group lectures where they were informed about suitable practice for dietary 

habits, physical activity, sleeping habits, and mental health. The group lectures were taught by 

Heilsuborg clinic where lifestyle coaches were clinically trained professionals with a university 

education. Majority of lifestyle coaches were nurses, nutritionists, psychologists, sport scientists, or 

physicians. Each group session was taught every other week for 90 minutes and included lectures, 

discussions, and class assignments. After 10 group sessions participants were interviewed again by a 

nurse for 30 minutes where the program was discussed and their measurements were made.  

At the beginning of the program participants downloaded a health app, called Sidekick health 

(27), that encouraged them to make positive changes in their lifestyle while taking part in the program. 

Participants received educational videos through the app regarding each week’s topic to prepare for 

the coming class. Participants were encouraged to register their food intake and physical activity as 

well as performing stress relieving exercises available in the app. Participants could also use the app 
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to contact their lifestyle coach or other participants in the program in between sessions if they needed 

extra guidance or support.  

Participants were offered to take part in an exercise class along with the educational classes 

where they would exercise three times per week with a trainer from Heilsuborg clinic. Participation in 

the exercise class was optional.  

 

Measurements 

The lifestyle coaches were responsible for data collecting and measurements on weight, body 

composition, and cardiovascular fitness. Data was collected via online questionnaire using REDCap 

(28). Information gathered through the questionnaire regarded background characteristics, physical 

activity, dietary habits, mental health, disease history, and quality of life in the past month. The 

questionnaire was sent to three intervention groups within the first month of the program. In one case 

the questionnaire was sent out after two months while waiting for study permission from the Bioethics 

Committee. Information on dietary habits, physical activity, quality of life as well as background 

characteristics were used in this study.  

 

Weight, BMI and body composition 

Weight, BMI, and body composition (body fat and muscle mass) were analyzed using bioelectrical 

impedance (BIA) Tanita MC-7800U multi frequency segmental body composition analyzer. Analysis 

performed were made by clinic staff who were trained and followed a strict protocol. All participants 

were requested to avoid drinking and eating at least 1 hour before testing. Clinic staff would enter sex, 

height and age into the Tanita, allowing specific calculations for each participant. Impedance 

measures were obtained and registered at baseline and again after 6 months. 

 The Tanita also predicted energy need for each participant which were used for individually 

based guidance on energy intake.         

 

Dietary habits and quality of life 

Dietary habits were evaluated with a validated food frequency questionnaire that included 87 

questions on frequency of intake of 76 food items (29). For this research, participants were asked to 

evaluate dietary habits in the last month. Data on whole grain, fish, vegetable and fruit consumption 

was used for this research. To evaluate whole grain consumption, the food items: whole wheat bread, 

rye bread, flatbread, porridge, chia and muesli were used. To evaluate participants fish consumption 

questions on intake of sushi and fish meals were used. Questions on intake of raw and cooked 

vegetables, fruit, berry’s and dried fruit were used to evaluate vegetable and fruit consumption. 

Participants were asked how often they consumed these food items, for each food item there were six 

or seven possible answers. For whole grain, vegetables, and fruit the response categories were: 

never/rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, 5-6 times per week and 

daily. Due to limited number of participants, responses were recoded into two categories, never/rarely 

and 1-2 times per week or more. Never/rarely included answers from never/rarely and 1-3 times per 
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month. 1-2 times per week or more included answers from 1-2 times per week, 3-4 times per week, 5-

6 times per week and daily. For fish consumption possible answers were: never/rarely, 1-3 times per 

month, 1 time per week, 2 times per week, 3-4 times per week, 5-6 times per week and daily. 

Responses were recoded into two categories, never/rarely and 1 time per week or more. Never/rarely 

included answers from never/rarely and 1-3 times per month and 1 time per week or more included 

answers from 1 time per week, 2 times per week, 3-4 times per week, 5-6 times per week and daily. 

Participants’ quality of life was also evaluated with the questionnaire, before and after lifestyle 

intervention. Participants were asked to evaluate their quality of life on the scale of 1-100. The 

question was: How would you describe your health today on the scale from 0-100? With 0 indicating 

the worst and 100 the best health. 

 

Exercise  

Exercise was evaluated with the questionnaire, data on exercise frequency and exercise intensity was 

used in this study. To evaluate exercise frequency participants were asked how often they would 

exercise, possible response categories were: daily, 5-6 times per week, 3-4 times per week, 1-2 times 

per week, rarely and never. Responses were recoded to never/rarely, 1-4 times per week and 5-7 

times per week. To evaluate exercise intensity participants were asked how difficult their usual 

exercise was. Possible response categories were light, moderate, and vigorous.  

Participants of the study were offered to participate in an exercise program, the exercise 

program was optional. For those who registered in the exercise program cardiorespiratory fitness was 

evaluated with a 12-minute walk/run test called Cooper test. The Cooper test was performed on a 

treadmill at the clinic with a sport scientist present. Participants would warm up on a treadmill for 10 

minutes and then undergo the test. The treadmill was programmed to stop after 12 minutes, measures 

for total distance covered was obtained and registered. The Cooper test was conducted within the first 

two weeks of the program and then again after 6 months.  

 

Statistical analysis 

Data processing was based on both analytical and descriptive statistics. All analyses were performed 

in R version 3.5.2 (30). Effects of the lifestyle intervention program on body weight, body 

compositions, physical activity, quality of life, and dietary habits was evaluated by comparing means or 

frequency before and after intervention. Paired T-test was used for continuous variables and 

McNemar´s Chi-square test was used for categorical variables. Logistic regression was used to 

calculate odds ratios with 95% confidence intervals for quality of life, exercise frequency, exercise 

intensity, whole grain-, vegetable-, fish-, and fruit consumption to evaluate effects on weight loss 

(yes/no). Adjustments were made for weight at baseline and age. Since majority of participants were 

women, adjustment for sex was not needed.  
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Results 

Out of 81 participants that started the program, a total of 49 (60%) individuals completed the program, 

11 men and 38 women with mean age of 47.7 years. Baseline characteristics of all participants that 

started the program are shown in table 1, where characteristics of those who dropped out of the 

program and those who finished are compared. Education levels were similar among the two groups, 

more than half (63%) of the participants had a University degree, 86.7% were in a relationship, and 

55.6% had household income of more than 900 thousand (ISK) monthly. Participants that completed 

the program had slightly lower weight, BMI, and fat percentage at baseline, but higher muscle mass 

compared to those who dropped out.  

Participants who dropped out of the program had lower participation rate in the optional 

exercise classes available at the clinic, or 34% compared to 76% (p=0.001). However, participants 

who dropped out of the program reported to exercise more often at baseline, or 57% of the dropout 

group exercised 1-4 times a week compared to 37% among the completers (p=0.030). However, when 

we looked at different cut-off for exercise frequency (≤2 times per week and ≥3 times per week) the 

difference between groups was not statistically significant. Cooper test outcome at baseline was 

similar between the groups (p=0.249) showing mean overall distance covered in 12 minutes to be 1.11 

km. Although not statistically significant, participants who dropped out of the program evaluated their 

quality of life (on the scale from 0-100) worse at baseline, or on average 35 points compared to 43 

points among completers.  

Baseline data on dietary habits were not statistically different between those who dropped out 

of the program and those who completed the program.  

 

Comparison before and after lifestyle intervention program  

Paired T-test was used to compare measurements in weight, BMI, fat percentage, muscle mass, 

quality of life and Cooper test before and after intervention among participants (N=49) that completed 

the program (table 2). Mean weight loss was 1.97 kg (p=0.001) and mean BMI decreased by 0.55 

kg/m2 (p=0.033). Fat percentage decreased by 0.75% (p=0.007) but changes in muscle mass were not 

significant. Self-reported quality of life was significantly higher after the intervention as the score on 

quality of life improved on average by 23% (p<0.001). Those participants who underwent Cooper test 

increased their mean distance covered by 0.12 km (p=0.002).     

McNemar´s Chi-square test was used to compare the effect of lifestyle intervention on 

exercise intensity, exercise frequency, and consumption of vegetables, fruits, fish, and whole grain 

products (table 3). More participants reported to exercise 1-4 times per week as 39% reported this 

frequency of exercise at baseline compared to 72% reported this frequency at the end of the 

intervention (p=0.005). Exercise intensity increased after the intervention as frequency of those who 

evaluated their exercise intensity to be vigorous increased from 8% to 40% and light exercise intensity 

decreased from 45% to 8% (p<0.001). At baseline 46% of participants reported to consume fruits 1-2 

times per week or more compared to 65% after the intervention (p=0.020). Increase in consumption of 

vegetables, whole grain products, and fish meals did not change significantly after the intervention.   



  

44 

Weight loss 

The associations between baseline dietary habits, quality of life and physical activity reported at the 

end of intervention and weight loss during the intervention are shown in table 4.  

Although not statistically significant, those who evaluated their quality of life to be high at 

baseline were 60% more likely to lose any weight compared to those who evaluated their quality of life 

to be low at baseline (95%CI: 0.32-9.44). Participants who consumed vegetables 1-2 times a week or 

more at baseline were twice as likely to lose weight in the program compared to participants who 

consumed vegetables less than 1 time a week (OR = 2.15; 95%CI: 0.41-11.27), the results are 

however not statistically significant. Those who consumed fish 1 time a week or more were as well 

almost twice as likely to lose weight compared to participants who consumed fish less than 1 time a 

week (OR = 1.98; 95%CI: 0.23-41.86), the results are not statistically significant. Participants who 

consumed whole grain products 1-2 times a week or more were 69% more likely to lose weight in the 

program compared to participants who consumed whole grain less than 1 time a week, the results are 

however not statistically significant (95%CI: 0.41-6.98). When fruit consumption was evaluated 

participants who consumed fruit 1-2 times a week or more were almost six times likelier to lose weight 

compared to those who consumed fruit less than 1 time a week (OR = 5.92; 95%CI: 1.29 – 34.62). 

Although not statistically significant, participants who exercised three times a week or more had 

greater chance of weight loss compared to those who exercised 2 times a week or less (OR = 1.20; 

95%CI: 0.19 – 10.16). Exercise frequency seemed to be a better predictor of weight loss than exercise 

intensity, those who exercised at moderate or vigorous intensity at baseline were not as likely to lose 

weight in the program as those who exercised at light intensity (OR = 0.46; 95%CI: 0.07 – 1.67), 

results are however not statistically significant.  

Lifestyle factors measured at the end of the program were not statistically associated with any 

weight loss during the intervention. However, risk estimates were similar as shown in table 4, except 

for fruit intake. 

 

Discussion 
Our findings suggest that lifestyle intervention program based on the DPP program can decrease 

weight, BMI, and fat percentage and increase fitness, exercise intensity, exercise frequency, quality of 

life, and fruit consumption among individuals with cardiometabolic risk factors.  

Studies on interventions have shown increased physical activity and dietary changes to be 

effective in weight management and reduction of cardiometabolic risk factors (10,24). A systematic 

review on interventions found programs that focus on both diet and physical activity, social support, 

and behavioral change techniques to be important to achieve clinically meaningful changes in weight 

loss (31). In the present study all participants were educated on dietary habits and behavioral change 

techniques were applied. However, the exercise class was optional resulting in different attendance in 

physical activity and social support among participants. Interventions with exercise programs have 

shown significantly greater weight loss compared to dietary interventions alone (32). Overall, 

participants increased their exercise frequency and exercise intensity in this study. If weight loss in 

current study is investigated and compared to other studies, the mean weight loss is not as great. 
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Mean weight loss in present study was 2% of initial body weight compared to 4.5% to 5.5% after 6-

months in other DPP based studies (33–36). Mean age among participants in these studies varied 

from 50-63 years, majority were women, and mean baseline weight varied from 87-101 kg (33–36). In 

present study majority of participants were women as well, mean baseline weight was 107 kg and 

mean age was 48 years. However, in current study number of participants of the program was 

different, or 49 compared to 88-1079 participants in other studies (33–36). Since weight loss varied 

greatly among participants of the program the participation rates could affect weight loss outcomes. 

Studies have examined the association between weight loss and consumption of fruits and 

vegetables. A research with 24 years of follow-up showed that high fruit consumption was protective 

against weight gain and even showed a slight weight loss for each extra serving per day (37).This 

study also showed that, the benefits of weight change were greater with increased consumption of 

fruits when compared to vegetables (37). Other studies show mixed results on the subject, some 

found an association only between weight loss and high fruit consumption (38) but other with both high 

vegetable and fruit consumption (39). In the present study those who consumed fruit 1-2 times a week 

or more at baseline were almost six times more likely to lose weight in the program compared to those 

who ate less fruit at baseline (p=0.030). Consumption of other tested food items were not statistically 

significantly connected with weight loss, although it must be stated that we did not examine the 

association between all food items asked about in the FFQ and weight loss. Lifestyle factors 

measured at the end of the program were not statistically associated with any weight loss during the 

intervention. Although we did not find a statistically significant associations between high vegetable-, 

whole grain-, and fish consumption and weight loss, the estimates all pointed into the direction of 

being associated with weight loss. A larger sample size would have been more favorable in order to 

analyze this association further.  

Quality of life improved greatly among participants of the program. Increased quality of life has 

been linked to self-efficacy; individuals believe that they can successfully perform a certain behavior  

(21,22). In an intervention program like this were the aim is to change the participants’ behavior – to 

eat healthier and increase exercise – increased quality of life can therefore influence behavioral 

change. If an individual believes a certain behavior or project can be performed successfully, he is 

more likely to engage in it (16,17). Increased quality of life might therefore be beneficial for health 

outcomes and health behaviors for participants later in life.  

 

Difference between study dropouts and completers  

Initially 81 participants entered the program and the dropout rate was 40% where 49 participants 

completed the program. Weight loss programs are prone to high dropout rates so this number of 

dropout is not unusual for this type of intervention which can vary from 10-80%, depending on 

program implementation (40).  

It was interesting to see that in present study the difference between the dropout group and 

those who completed the program was in the participation rate in the optional exercise classes held at 

the clinic. Participants who dropped out of the program had lower participation rate in the optional 

exercise class (p=0.001), or 34% compared to 76%. These findings are consistent with other studies 
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on DPP program attendance (41) where extra group support from other participants seems to matter. 

The support that participants get from one another at the exercise class seems to affect adherence in 

the program. Another interesting thing regarding exercise between the two groups was participants 

exercise frequency. Participants who dropped out of the program reported to exercise more often at 

baseline, or 57% of the dropout group exercised 1-4 times a week compared to 39% among the 

completers (p=0.030). This was interesting since baseline Cooper test results were similar between 

the two groups.  

Although not statistically significant, those who ate more fruit and vegetables at baseline were 

likelier to complete the program. Those who evaluated their quality of life higher were as well more 

likely to complete the program compared to those who evaluated their quality of life to be lower. These 

results are consistent with other studies, where poorer quality of life affects adherence in weight 

management programs and weight loss (42). Studies have shown that obese individuals report lower 

health-related quality of life (HRQoL) compared to normal weight individuals (18–20), but the HRQoL 

increases as the individual loses weight (43). In the present study, those who evaluated their quality of 

life high at baseline were almost twice as likely to lose weight compared to those who evaluated their 

quality of life to be low. These findings are however not statistically significant.  

This type of intervention has not been performed in Iceland before until Heilsuborg clinic 

implemented the program in 2017. It was interesting to see what kind of individuals chose to register 

in this intervention program. The intervention was advertised in local newspaper and on social media 

and should therefore be visible for broad spectrum of individuals. Based on data from Statistic 

Iceland, education level among participants was higher than average (44) as 62% of the participants 

had a university degree compared to 42% of the population in Iceland. Majority (87%) of the 

participants were in a relationship (married or cohabiting) and more than half of the participants in 

present study had household income above average (>900 thousand ISK) (45). The intervention 

program was held at a private health and fitness clinic which participants had to pay for, the lifestyle 

coaches of the program were clinically trained professionals, quality equipment was used, and 

measurements in the program were comprehensive, which resulted in a relatively costly program 

without the possibility of program subsidizing, making it less accessible for individuals with lower 

income. It would be feasible to be able to offer lower income groups to participate in a program like 

this, especially since lower social status is associated with increased disease risk compared to 

individuals of higher social positions (1–3). To be able to provide such a program there are two 

possible options, to subsidize the program or reduce its cost. There have been different 

implementations made to the DPP program to reduced cost and make the program accessible for 

minority groups as well. One way is to specially train lifestyle coaches to deliver the program instead 

of health care workers, these individuals don’t necessarily need to have a background in healthcare 

services or education in the field. This makes staff expenses lower which reduces program cost (46). 

Studies have shown this to be an effective way to reduce cost but still reduce weight and diabetes 

incidence (41).  Another way to reduce program cost is by making the program fully digital, that way 

staffing becomes cheaper as well. Fully digital modifications have been made to the DPP program 



  

47 

with positive outcomes (47). Further investigations on the Sidekick health app to possibly reduce cost 

and offer low-cost services in the program is therefore interesting.  

The other possibility is to subsidize the intervention program. The YMCA in America has tried 

this with the DPP program, they used charitable donations to reduce cost and make the program 

accessible for individuals with low-income with good results (48). This would be similar to subsidizing 

of the unions in Iceland, or preferably the participation of the government. According to the 

International Classification of Diseases (ICD-10) obesity is classified as a disease (49), by 

recognizing obesity as a disease more access to care is possible when it comes to obesity treatments 

(50). Obesity is as well recognized as a disease in Iceland and treatment options that are subsidized 

by the Icelandic Health Insurance are; treatment at lifestyle receptions at health clinics, interviews by 

two obesity medical specialists, treatment at rehabilitations centers, and bariatric surgery (51). 

Interdisciplinary obesity treatments at rehabilitation centers are available in Iceland, these treatments 

are however for severely obese individuals with other obesity related symptoms or complications (52). 

The rehabilitation is in cooperation with the National University Hospital of Iceland which performs 

bariatric surgeries, so those who need to undergo bariatric surgeries need to go through the program 

at the rehabilitation centers first (52). These two treatments are both for severely obese individuals, 

early prevention or intervention is important as well. The lifestyle receptions at the health clinics are 

intended for early intervention. However clinical guidelines for adult, obese individuals have not been 

made. These clinical guidelines have been made for obese children, according to an action plan to 

decrease obesity prevalence in Iceland, clinical guidelines for adults have been on the agenda since 

2013 (53). Without clinical guidelines for health care workers at lifestyle receptions, recommendations 

and treatment options for patients might be limited or ineffective. The need for early prevention or 

treatment is great in light of increasing prevalence of obesity in Iceland (13,15,54), access to care 

therefore needs to be both affordable and effective for all citizens.  

 

Strengths and limitations  

The strength of our study lies in the comprehensive information gathered on lifestyle among 

participants. Only a part of those information gathered was used for this research but will hopefully be 

analyzed in relation with weight loss in the nearest futures. Our data provides information that was 

used to study what was different between those who completed the program and those who did not, 

which is rarely done in other DPP studies. The measurements on weight, body composition, and 

endurance made in the program were performed with quality equipment by specially trained 

professionals. Based on the measurements it was possible to predict the energy need for each 

participant, which made feedback and guidance in the program more individually based. Those who 

registered in the exercise class underwent Cooper test to evaluate their fitness more precisely, which 

is a good addition to the self-evaluated fitness. Also, participants had access to highly educated 

lifestyle coaches, which ensures quality educational lectures. Participants were also able to exercise 

at the clinic with access to sport scientists who have experience in training overweight individuals, 

participants did not need to go elsewhere to exercise which makes access to quality exercise good.  
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Some limitations to this study should be noted. Firstly, participants of the study self-registered 

to the intervention program. An individual who self-registers to an intervention program is likelier to be 

ready for a lifestyle change compared to a person who would be referred to an intervention program 

by a physician or other health staff. There is no control group which limits the possibility of comparing 

different strategies in achieving meaningful weight loss. We had high number of missing values in our 

data (see supplement table 1 on missing data). The missing values were randomly spread making 

statistical analysis limiting, especially for the information gathered through the questionnaire. Due to 

practical issues, the questionnaire was sent out later to one of the program group to measure baseline 

well-being and lifestyle which might affect study outcome. The questionnaire was comprehensive and 

took quite a long time to answer (20-30 minutes) which may have resulted in more missing answers. 

The question on the frequency of physical activity was not precise enough in our questionnaire to 

evaluate exactly how many minutes per week participants engaged in physical activity. Since 

participants self-evaluated their dietary intake, exercise and quality of life there is always a possibility 

of response bias. The exercise class was optional and not all participants registered. The exercise 

class can affect outcomes in weight loss and quality of life. Lastly, sample size was rather small which 

makes statistical power low (55). Studies have shown that dropout rates in obesity related programs is 

high and only 49 participants completed the program in present study, which results in greater 

influence of outcomes per individual. Sample size would have had to be larger for meaningful analysis 

of the data. 

 

Conclusions  

Our study suggests that intervention program based on the DPP program for individuals with 

cardiometabolic risk factors can reduce weight, BMI, fat percentage and increase quality of life, 

fitness, exercise frequency, exercise intensity, and fruit consumption among participants. Muscle mass 

and consumption of vegetables, whole grain, and fish did not change significantly after the 

intervention. High fruit consumption at baseline was associated with weight loss at the end of the 

program. Although not statistically significant there is an indication that baseline characteristics of 

quality of life, exercise frequency, and consumption of vegetables, whole grain, and fish might affect 

weight loss. Further studies are needed to analyze the effect of such implementation, preferably with 

larger sample size to increase statistical power. Further investigation is also needed to demonstrate 

long term effects of the program in Iceland.  

 

 

 

 



  

49 

References 

1.  World Health Organization. Global action plan for the prevention and control of 
noncommunicable diseases: 2013-2020. [Internet]. 2013 [cited 2019 May 13]. Available from: 
http://apps.who.int/iris/bitstream/10665/94384/1/9789241506236_eng.pdf 

2.  Centers for Disease Control and Prevention. National Diabetes Statistics Report [Internet]. 
2017 [cited 2019 Mar 22]. Available from: https://www.cdc.gov/features/diabetes-statistic-
report/index.html 

3.  Robbins JM, Vaccarino V, Zhang H, Kasl SV. Socioeconomic status and diagnosed diabetes 
incidence. Diabetes Res Clin Pract [Internet]. 2005 Jun 1 [cited 2019 Mar 24];68(3):230–6. 
Available from: http://www.sciencedirect.com/science/article/pii/S0168822704003018 

4.  Roglic G, World Health Organization, editors. Global report on diabetes. Geneva, Switzerland: 
World Health Organization; 2016. 86 p.  

5.  Bergsveinsson J, Aspelund T, Gudnason V, Benediktsson R. Prevalence of type 2 diabetes 
mellitus in Iceland 1967-2002. Laeknabladid. 2007 May;93(5):397–402.  

6.  Wright AK, Kontopantelis E, Emsley R, Buchan I, Sattar N, Rutter MK, et al. Life Expectancy 
and Cause-Specific Mortality in Type 2 Diabetes: A Population-Based Cohort Study Quantifying 
Relationships in Ethnic Subgroups. Diabetes Care. 2017;40(3):338–45.  

7.  Aronne LJ. Therapeutic options for modifying cardiometabolic risk factors. Am J Med. 2007 
Mar;120(3 Suppl 1):S26-34.  

8.  Eckel RH, Kahn R, Robertson RM, Rizza RA. Preventing Cardiovascular Disease and 
Diabetes: A call to action from the American Diabetes Association and the American Heart 
Association. Diabetes Care [Internet]. 2006 Jul 1 [cited 2019 Mar 25];29(7):1697–9. Available 
from: http://care.diabetesjournals.org/content/29/7/1697 

9.  Vanuzzo D, Pilotto L, Mirolo R, Pirelli S. [Cardiovascular risk and cardiometabolic risk: an 
epidemiological evaluation]. G Ital Cardiol 2006. 2008 Apr;9(4 Suppl 1):6S-17S.  

10.  Centers for Disease Control and Prevention. About Prediabetes and Type 2 Diabetes [Internet]. 
2019 [cited 2019 Mar 27]. Available from: https://www.cdc.gov/diabetes/prevention/lifestyle-
program/about-prediabetes.html 

11.  Kramer H, Cao G, Dugas L, Luke A, Cooper R, Durazo-Arvizu R. Increasing BMI and waist 
circumference and prevalence of obesity among adults with Type 2 diabetes: the National 
Health and Nutrition Examination Surveys. J Diabetes Complications. 2010 Dec;24(6):368–74.  

12.  Taylor R. Pathogenesis of type 2 diabetes: tracing the reverse route from cure to cause. 
Diabetologia. 2008 Oct;51(10):1781–9.  

13.  Þórsson B, Aspelund T, Harris TB, Launer LJ, Guðnason V. Þróun holdafars og sykursýki í 40 
ár á Íslandi. Trends in body weight and diabetes in forty years in Iceland [Internet]. 2009 Apr 1 
[cited 2019 Mar 1]; Available from: https://www.hirsla.lsh.is/handle/2336/69275 

14.  OECD. Health risks - Overweight or obese population [Internet]. theOECD. 2017 [cited 2018 
Dec 11]. Available from: http://data.oecd.org/healthrisk/overweight-or-obese-population.htm 

15.  Embætti landlæknis. Valdar niðurstöður úr Heilsa og líðan Íslendinga [Internet]. 2017 [cited 
2019 Mar 26]. Available from: https://www.landlaeknir.is/um-
embaettid/greinar/grein/item35858/tolulegar-upplysingar-ur-heilsa-og-lidan-islendinga 

16.  Florez H, Pan Q, Ackermann RT, Marrero DG, Barrett-Connor E, Delahanty L, et al. Impact of 
Lifestyle Intervention and Metformin on Health-Related Quality of Life: the Diabetes Prevention 



  

50 

Program Randomized Trial. J Gen Intern Med [Internet]. 2012 Dec 1 [cited 2019 Apr 
5];27(12):1594–601. Available from: https://doi.org/10.1007/s11606-012-2122-5 

17.  World Health Organization. Diet, Nutrition, and the Prevention of Chronic Diseases: Report of a 
Joint WHO/FAO Expert Consultation. World Health Organization; 2003. 160 p.  

18.  Jia H, Lubetkin EI. The impact of obesity on health-related quality-of-life in the general adult US 
population. J Public Health Oxf Engl. 2005 Jun;27(2):156–64.  

19.  Kolotkin RL, Head S, Hamilton M, Tse C-KJ. Assessing Impact of Weight on Quality of Life. 
Obes Res [Internet]. 1995 [cited 2019 Apr 5];3(1):49–56. Available from: 
https://onlinelibrary.wiley.com/doi/abs/10.1002/j.1550-8528.1995.tb00120.x 

20.  Sach TH, Barton GR, Doherty M, Muir KR, Jenkinson C, Avery AJ. The relationship between 
body mass index and health-related quality of life: comparing the EQ-5D, EuroQol VAS and 
SF-6D. Int J Obes 2005. 2007 Jan;31(1):189–96.  

21.  Bandura A. Self-Efficacy. In: The Corsini Encyclopedia of Psychology [Internet]. American 
Cancer Society; 2010 [cited 2019 Apr 7]. p. 1–3. Available from: 
https://onlinelibrary.wiley.com/doi/abs/10.1002/9780470479216.corpsy0836 

22.  McCarroll ML, Armbruster S, Frasure HE, Gothard MD, Gil KM, Kavanagh MB, et al. Self-
efficacy, quality of life, and weight loss in overweight/obese endometrial cancer survivors 
(SUCCEED): A randomized controlled trial. Gynecol Oncol [Internet]. 2014 Feb 1 [cited 2019 
Apr 7];132(2):397–402. Available from: 
http://www.sciencedirect.com/science/article/pii/S0090825813013875 

23.  Bowes A, Begley J, Kerr D. Lifestyle change reduces cardiometabolic risk factors and 
glucagon-like peptide-1 levels in obese first-degree relatives of people with diabetes. J Hum 
Nutr Diet Off J Br Diet Assoc. 2017 Aug;30(4):490–8.  

24.  The Diabetes Prevention Program (DPP) Research Group. The Diabetes Prevention Program 
(DPP). Diabetes Care. 2002 Dec;25(12):2165–71.  

25.  Diabetes Prevention Program Research Group, Knowler WC, Fowler SE, Hamman RF, 
Christophi CA, Hoffman HJ, et al. 10-year follow-up of diabetes incidence and weight loss in 
the Diabetes Prevention Program Outcomes Study. Lancet Lond Engl. 2009 Nov 
14;374(9702):1677–86.  

26.  Lindström J, Ilanne-Parikka P, Peltonen M, Aunola S, Eriksson JG, Hemiö K, et al. Sustained 
reduction in the incidence of type 2 diabetes by lifestyle intervention: follow-up of the Finnish 
Diabetes Prevention Study. The Lancet. 2006 Nov 11;368(9548):1673–9.  

27.  SidekickHealth [Internet]. SidekickHealth. [cited 2019 May 4]. Available from: 
https://sidekickhealth.com/ 

28.  Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data 
capture (REDCap)—A metadata-driven methodology and workflow process for providing 
translational research informatics support. J Biomed Inform [Internet]. 2009 Apr 1 [cited 2019 
May 4];42(2):377–81. Available from: 
http://www.sciencedirect.com/science/article/pii/S1532046408001226 

29.  Torfadottir J., Thordardottir M, Tomasson G, Hauksdottir A, Gunnarsdottir I, Steingrimsdottir L, 
et al. Validation of the food frequency questionnaire in a general population cohort. Eur J Public 
Health [Internet]. 2017 Nov 1 [cited 2019 Mar 20];27(suppl_3). Available from: 
https://academic.oup.com/eurpub/article/27/suppl_3/ckx186.328/4555942 

30.  Rizzo ML. Statistical computing with R. Second Edition. Boca Raton: CRC Press, Taylor & 
Francis Group; 2019.  



  

51 

31.  Greaves CJ, Sheppard KE, Abraham C, Hardeman W, Roden M, Evans PH, et al. Systematic 
review of reviews of intervention components associated with increased effectiveness in dietary 
and physical activity interventions. BMC Public Health. 2011 Feb 18;11:119.  

32.  Wu T, Gao X, Chen M, Dam RMV. Long-term effectiveness of diet-plus-exercise interventions 
vs. diet-only interventions for weight loss: a meta-analysis. Obes Rev [Internet]. 2009 [cited 
2019 Apr 30];10(3):313–23. Available from: 
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-789X.2008.00547.x 

33.  Marrero DG, Palmer KNB, Phillips EO, Miller-Kovach K, Foster GD, Saha CK. Comparison of 
Commercial and Self-Initiated Weight Loss Programs in People With Prediabetes: A 
Randomized Control Trial. Am J Public Health [Internet]. 2016 May [cited 2019 May 
2];106(5):949–56. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4985082/ 

34.  Achieving Weight and Activity Goals Among Diabetes Prevention Program Lifestyle 
Participants. Obes Res [Internet]. 2004 Sep [cited 2019 May 2];12(9):1426–34. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2505058/ 

35.  Kramer MK, Vanderwood KK, Arena VC, Miller RG, Meehan R, Eaglehouse YL, et al. 
Evaluation of a Diabetes Prevention Program Lifestyle Intervention in Older Adults: A 
Randomized Controlled Study in Three Senior/Community Centers of Varying Socioeconomic 
Status. Diabetes Educ [Internet]. 2018 Apr 1 [cited 2019 May 2];44(2):118–29. Available from: 
https://doi.org/10.1177/0145721718759982 

36.  Lindström J, Louheranta A, Mannelin M, Rastas M, Salminen V, Eriksson J, et al. The Finnish 
Diabetes Prevention Study (DPS): Lifestyle intervention and 3-year results on diet and physical 
activity. Diabetes Care [Internet]. 2003 Dec 1 [cited 2019 May 2];26(12):3230–6. Available 
from: http://care.diabetesjournals.org/content/26/12/3230 

37.  Bertoia ML, Mukamal KJ, Cahill LE, Hou T, Ludwig DS, Mozaffarian D, et al. Changes in Intake 
of Fruits and Vegetables and Weight Change in United States Men and Women Followed for 
Up to 24 Years: Analysis from Three Prospective Cohort Studies. PLOS Med [Internet]. 2015 
Sep 22 [cited 2019 Apr 28];12(9):e1001878. Available from: 
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1001878 

38.  Drapeau V, Després J-P, Bouchard C, Allard L, Fournier G, Leblanc C, et al. Modifications in 
food-group consumption are related to long-term body-weight changes. Am J Clin Nutr 
[Internet]. 2004 Jul 1 [cited 2019 Apr 30];80(1):29–37. Available from: 
https://academic.oup.com/ajcn/article/80/1/29/4690289 

39.  Vergnaud A-C, Norat T, Romaguera D, Mouw T, May AM, Romieu I, et al. Fruit and vegetable 
consumption and prospective weight change in participants of the European Prospective 
Investigation into Cancer and Nutrition-Physical Activity, Nutrition, Alcohol, Cessation of 
Smoking, Eating Out of Home, and Obesity study. Am J Clin Nutr. 2012 Jan;95(1):184–93.  

40.  Moroshko I, Brennan L, O’Brien P. Predictors of dropout in weight loss interventions: a 
systematic review of the literature. Obes Rev [Internet]. 2011 [cited 2019 Mar 25];12(11):912–
34. Available from: https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-789X.2011.00915.x 

41.  Ali MK, Echouffo-Tcheugui JB, Williamson DF. How Effective Were Lifestyle Interventions In 
Real-World Settings That Were Modeled On The Diabetes Prevention Program? Health Aff 
(Millwood). 2012 Jan 1;31(1):67–75.  

42.  Teixeira PJ, Going SB, Houtkooper LB, Cussler EC, Metcalfe LL, Blew RM, et al. Pretreatment 
predictors of attrition and successful weight management in women. Int J Obes Relat Metab 
Disord J Int Assoc Study Obes. 2004 Sep;28(9):1124–33.  

43.  Kolotkin RL, Andersen JR. A systematic review of reviews: exploring the relationship between 
obesity, weight loss and health-related quality of life. Clin Obes [Internet]. 2017 [cited 2019 Apr 
30];7(5):273–89. Available from: https://onlinelibrary.wiley.com/doi/abs/10.1111/cob.12203 



  

52 

44.  Háskólamenntun [Internet]. Hagstofa Íslands. 2018 [cited 2019 Apr 27]. Available from: 
https://hagstofa.is/utgafur/frettasafn/menntun/mannfjoldi-eftir-menntunarstodu-2017/ 

45.  Heildartekjur jafn háar og 2007 [Internet]. Hagstofa Íslands. [cited 2019 Apr 28]. Available from: 
https://hagstofa.is/utgafur/frettasafn/laun-og-tekjur/tekjur-2017-skattframtol-10622/ 

46.  Centers for Disease Control and Prevention. Staffing and Training [Internet]. 2019 [cited 2019 
Apr 10]. Available from: https://www.cdc.gov/diabetes/prevention/staffing-training.htm 

47.  Sepah SC, Jiang L, Ellis RJ, McDermott K, Peters AL. Engagement and outcomes in a digital 
Diabetes Prevention Program: 3-year update. BMJ Open Diabetes Res Care [Internet]. 2017 
Sep 1 [cited 2019 Apr 11];5(1):e000422. Available from: 
https://drc.bmj.com/content/5/1/e000422 

48.  Ackermann RT, Finch EA, Brizendine E, Zhou H, Marrero DG. Translating the Diabetes 
Prevention Program into the Community The DEPLOY Pilot Study. Am J Prev Med [Internet]. 
2008 Oct [cited 2019 Apr 10];35(4):357–63. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610485/ 

49.  World Health Organization. ICD-10 Version:2016 [Internet]. 2016 [cited 2019 May 8]. Available 
from: https://icd.who.int/browse10/2016/en#/E66 

50.  Kyle TK, Dhurandhar EJ, Allison DB. Regarding Obesity as a Disease: Evolving Policies and 
Their Implications. Endocrinol Metab Clin North Am [Internet]. 2016 Sep [cited 2019 Apr 
11];45(3):511–20. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4988332/ 

51.  Sjúkratryggingar Íslands. Heilbrigðisþjónusta [Internet]. Sjúkratryggingar Íslands - Icelandic 
Health Insurance. 2019 [cited 2019 Apr 11]. Available from: 
https://www.sjukra.is/heilbrigdisthjonusta/ 

52.  Reykjalundur. Offituteymi [Internet]. 2018 [cited 2019 Apr 11]. Available from: 
https://www.reykjalundur.is/sjuklingar-og-adstandendur/offituteymi/ 

53.  Gísladóttir E, Gunnarsdóttir G, Þorgeirsdóttir H, Magnússon KÞ. Aðgerðaáætlun til að draga úr 
tíðni offitu. 2013 p. 11.  

54.  Bergsveinsson J, Aspelund T, Gudnason V, Benediktsson R. [Prevalence of type 2 diabetes 
mellitus in Iceland 1967-2002]. Laeknabladid. 2007 May;93(5):397–402.  

55.  Martínez-Mesa J, González-Chica DA, Bastos JL, Bonamigo RR, Duquia RP. Sample size: 
how many participants do I need in my research? An Bras Dermatol [Internet]. 2014 [cited 2019 
Apr 11];89(4):609–15. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4148275/ 

 

 

 

 

 

 

 

 

 

 



  

53 

Table 1: Baseline characteristics of participants that entered the intervention program. 

 Overall 
(n=81) 

Dropped out 
(n=32) 

Finished 
(n=49) 

 
p-value 

Baseline kg      

Mean (SD) 107 (20.9) 108 (19.0) 107 (22.3)  0.386 

Median [Min, Max] 105 [73.8, 153] 105 [77.2, 149] 105 [73.8, 153]   

Baseline BMI      

Mean (SD) 36.9 (6.15) 37.8 (6.64) 36.3 (5.79)  0.401 

Median [Min, Max] 36.2 [26.7, 54.2] 35.7 [27.0, 54.2] 36.6 [26.7, 47.2]   

Baseline fat %      

Mean (SD) 41.3 (5.31) 42.9 (4.59) 40.3 (5.54)  0.662 

Median [Min, Max] 41.9 [21.9, 50.6] 43.9 [32.8, 50.5] 40.8 [21.9, 50.6]   

Baseline Muscle mass      

Mean (SD) 59.3 (11.1) 58.0 (8.62) 60.1 (12.5)  0.537 

Median [Min, Max] 56.4 [40.7, 91.0] 57.1 [45.4, 80.6] 56.2 [40.7, 91.0]   

Baseline exercise week before, n (%)      0.038 

Never/rarely 33 (49.3%) 7 (30.4%) 26 (59.1%)   

1-4x a week 30 (44.7%) 13 (56.5%) 17 (38.6%)   

5-7x a week 4 (5.9%) 3 (13.0%) 1 (2.3%)   

Baseline exercise intensity, n (%)     0.377 

Light 25 (41.7%) 7 (33.3%) 18 (46.2%)   

Moderate 30 (50.0%) 13 (61.9%) 17 (43.6%)   

Vigorous 5 (8.3%) 1 (4.8%) 4 (10.3%)   

Registered in an exercise class, n (%)     0.001 

No 33 (40.7%) 21 (65.6%) 12 (24.5%)   

Yes 48 (59.3%) 11 (34.4%) 37 (75.5%)   

Baseline Cooper test*     0.249 

Mean (SD) 1.11 (0.188) 1.13 (0.181) 1.11 (0.192)   

Median [Min, Max] 1.12 [0.730, 1.66] 1.13 [0.890, 1.48] 1.10 [0.730, 1.66]   

Baseline Quality of life**      0.392 

     High 17 (27.0%) 4 (18.2%) 13 (31.7%)   

     Low 46 (73.0%) 18 (81.8%) 28 (68.3%)   

Sex, n (%)     0.103 

Male 13 (16.0%) 2 (6.2%) 11 (22.4%)   

Female 68 (84.0%) 30 (93.8%) 38 (77.6%)   

Age     0.478 

Mean (SD) 47.9 (11.1) 48.2 (11.1) 47.7 (11.1)   

Median [Min, Max] 48.0 [21.0, 71.0] 49.5 [28.0, 70.0] 47.0 [21.0, 71.0]   

Education, n (%)     0.494 

Primary 9 (13.4%) 4 (17.4%) 5 (11.4%)   

Secondary/Vocational 16 (23.9%) 3 (13.0%) 13 (29.5%)   

University 42 (62.7%) 16 (69.6%) 26 (59.1%)   

Relationship status, n (%)     0.959 

Single 10 (14.3%) 4 (16.7%) 6 (13.0%)   

Married/cohabiting 60 (86.7%) 20 (83.3%) 40 (87.0%)   
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Household income, n (%)*** 0.929 

Below average 28 (44.4%) 10 (47.6%) 18 (42.9%)   

Above average 35 (55.6%) 11 (52.4%) 24 (57.1%)   

Smoker, n (%) 12 (14.8%)      4 (12.5%) 8 (16.3%)  1.00 

Hypertensive, n (%) 20 (24.7%)      6 (18.8%) 14 (28.6%)  1.00 

Vegetables, n (%)     0.197 

Never/rarely 18 (26.0%) 9 (37.5%) 9 (20.0%)   

≥1-2 per week 51 (74.0%) 15 (62.5%) 36 (80.0%)   

Fruit, n (%)     0.132 

Never/rarely 36 (52.2%) 16 (66.7%) 20 (44.4%)   

≥1-2 per week 33 (47.8%) 8 (33.3%) 25 (55.6%)   

Whole grain, n (%)     1.00 

Never/rarely 28 (41.2%) 10 (41.7%) 18 (40.9%)   

≥1-2 per week 40 (58.8%) 14 (58.3%) 26 (59.1%)   

Fish, n (%)     1.00 

Never/rarely 40 (77.0%) 13(76.5%) 27 (77.1%)   

≥1 per week 12 (23.0%) 4 (23.5%) 8 (22.9%)   

* Cooper test is a 12-minute walk/run test to evaluate participants physical fitness.  
** Quality of life below 50 classified as low quality of life, quality of life over 50 classified as high.   
*** Household income below average classified as monthly income lower than 900 (ISK) per month and income above average 
classified as monthly income higher than 900 (ISK) per month.  
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Table 2: Comparison of weight, BMI, fat percentage, muscle mass, quality of life and Cooper test after 
intervention program among completers with paired T-test.  

 
N Mean before intervention  

(SD) 
Mean after 

intervention  
(SD) 

Mean difference  
(95% confidence 

interval) 
p-value 

Weight 
49 107 (22.3) 105 (22.0) -1.97 

 (0,838-3,100) 
0.001 

BMI 
49 36.3 (5.79) 35.8 (6.0) -0,55 

(0,045-1,047) 
0.033 

Fat % 
49 40.3 (5.54) 39.6 (5.51) -0,75 

(0,208-1,298) 
0.007 

Muscle mass 
(kg) 

49 60.1 (12.5) 59.7 (12.3) 0,39 
(-0,727-0,865) 

0.095 

Quality of life 
41 

 
42.9 (20.8) 67.2 (19.2) 23.25 

(16.858-29.641) 
< 0.001 

Cooper test  
25 1.11 (0.19) 1.23 (0.18) -0.117 

(0.183-0.046) 
0.002 
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Table 3: Comparison of exercise intensity, exercise per week, vegetable-, fruit-, whole grain- and fish 
consumption before and after lifestyle intervention with McNemar´s Chi-square test.   

Variable  
  

Category  Before intervention  
n (%) 

 

After intervention  
n (%) 

X² (p-value) 
  

Vegetable, n (%) Never/rarely   8 (17.8%) 4 (8.9%) 0.220 

 ≥1-2 per week  37 (82.2%) 41 (91.1%) 
 

 

Fruit, n (%) Never/rarely  25 (54.4%) 16 (34.8%) 0.027 

 ≥1-2 per week 
 

 21 (45.6%) 30 (65.2%)  

Whole grain, n (%) Never/rarely  19 (44.2%) 18 (41.9%) 1 

 
≥1-2 per week 

 
 24 (55.8%) 25 (58.1%) 

 

Fish, n (%)  Never/rarely  40 (77.0%) 40 (77.0%) 1 

 ≥1 per week  12 (23.0%) 12 (23.0%)  

 
Exercise intensity, n (%) 

 
Light 

  
18 (45.0%) 

 
3 (7.5%) 

 
< 0.001 

 Moderate  19 (47.5%) 21 (52.5%)  

 
Vigorous  3 (7.5%) 16 (40.0%) 

 

Exercise per week, n (%) Never/rarely  27 (58.7%) 10 (21.7%) 0.005 

 1-4x a week  18 (39.2%) 33(71.7%)  

 5-7x a week  1 (2.2%) 3 (6.5%)  
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Table 4: Odds ratio for weight loss and baseline characteristics 

 
Characteristics 

 
Categories 

Crude 
OR (95% CI) 

Adjusted* 
OR (95% CI) 

Quality of life Low quality of life 1.0 1.0 

  High quality of life 1.58 (0.36 - 8.32) 1.60 (0.32 – 9.44) 

Vegetables Never/rarely 1.0 1.0 

 
≥1-2 per week 

 
2.4 (0.50 - 11.14) 2.15 (0.41-11.27) 

Fish  Never/rarely 1.0 1.0 

 
≥1 per week 

 
2.45 (0.34 - 50.02) 1.98 (0.23 – 41.86) 

Whole grain  Never/rarely 1.0 1.0 

 
≥1-2 per week 

 
2.12 (0.57 – 8.19) 1.69 (0.41 – 6.98) 

Fruit Never/rarely 1.0 1.0 

 
≥1-2 per week 

 
4.29 (1.13 - 18.97) 5.92 (1.29 – 34.62) 

Exercise per week  ≤2x per week 1.0 1.0 

 ≥3x per week 1.15 (0.22 – 8.77) 1.20 (0.19 – 10.16) 

Exercise intensity  Light 1.0 1.0 

 Moderate/vigorous 0.46 (0.10 – 1.85) 0.37 (0.07 – 1.67) 

* Adjusted for age and weight at baseline 
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Table 5: Baseline characteristics of participants with missing values.  

 Overall 
(n=81) 

Dropped out 
(n=32) 

Finished 
(n=49) 

Baseline kg    

Mean (SD) 107 (20.9) 108 (19.0) 107 (22.3) 

Median [Min, Max] 105 [73.8, 153] 105 [77.2, 149] 105 [73.8, 153] 

Baseline BMI    

Mean (SD) 36.9 (6.15) 37.8 (6.64) 36.3 (5.79) 

Median [Min, Max] 36.2 [26.7, 54.2] 35.7 [27.0, 54.2] 36.6 [26.7, 47.2] 

Missing 1 (1.2%) 0 (0%) 1 (2.0%) 

Baseline fat %    

Mean (SD) 41.3 (5.31) 42.9 (4.59) 40.3 (5.54) 

Median [Min, Max] 41.9 [21.9, 50.6] 43.9 [32.8, 50.5] 40.8 [21.9, 50.6] 

Baseline Muscle mass    

Mean (SD) 59.3 (11.1) 58.0 (8.62) 60.1 (12.5) 

Median [Min, Max] 56.4 [40.7, 91.0] 57.1 [45.4, 80.6] 56.2 [40.7, 91.0] 

Baseline exercise week before, n (%)    

Never/rarely 33 (40.7%) 7 (21.9%) 26 (53.1%) 

1-4x a week 30 (37.0%) 13 (40.6%) 17 (34.7%) 

5-7x a week 4 (4.9%) 3 (9.4%) 1 (2.0%) 

Missing 14 (17.3%) 9 (28.1%) 5 (10.2%) 

Baseline excersie intensity, n (%)    

Light 25 (30.9%) 7 (21.9%) 18 (36.7%) 

Moderate 30 (37.0%) 13 (40.6%) 17 (34.7%) 

Vigourous 5 (6.2%) 1 (3.1%) 4 (8.2%) 

Missing 21 (25.9%) 11 (34.4%) 10 (20.4%) 

Registered in exercise class, n (%)    

No  33 (40.7%) 21 (65.6%) 12 (24.5%) 

Yes 48 (59.3%) 11 (34.4%) 37 (75.5%) 

Baseline Cooper test*    

Mean (SD) 1.11 (0.188) 1.13 (0.181) 1.11 (0.192) 

Median [Min, Max] 1.12 [0.730, 1.66] 1.13 [0.890, 1.48] 1.10 [0.730, 1.66] 

Missing 33 (40.7%) 21 (65.6%) 12 (24.5%) 

Baseline Quality of life, n (%)**     

Low quality of life 46 (56.8%) 18 (56.2%) 28 (57.1%) 

High quality of life 17 (21.0%) 4 (12.5%) 13 (26.5%) 

Missing 18 (22.2%) 10 (31.2%) 8 (16.3%) 

Sex, n (%)    

Male 13 (16.0%) 2 (6.2%) 11 (22.4%) 

Female 68 (84.0%) 30 (93.8%) 38 (77.6%) 

Age, n (%)    

Mean (SD) 47.9 (11.1) 48.2 (11.1) 47.7 (11.1) 

Median [Min, Max] 48.0 [21.0, 71.0] 49.5 [28.0, 70.0] 47.0 [21.0, 71.0] 
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Education, n (%)    

Primary 9 (11.1%) 4 (12.5%) 5 (10.2%) 

Secondary/Vocational 16 (19.8%) 3 (9.4%) 13 (26.5%) 

University 42 (51.9%) 16 (50.0%) 26 (53.1%) 

Other 3 (3.7%) 1 (3.1%) 2 (4.1%) 

Missing 11 (13.6%) 8 (25.0%) 3 (6.1%) 

Relationship status, n (%)    

Single 10 (12.3%) 4 (12.5%) 6 (12.2%) 

Married/cohabiting 60 (74.1%) 20 (62.5%) 40 (81.6%) 

Missing 11 (13.6%) 8 (25.0%) 3 (6.1%) 

Income, n (%)***    

Below average 28 (34.6%) 10 (31.2%) 18 (36.7%) 

Above average 35 (43.2%) 11 (34.4%) 24 (49.0%) 

Missing 18 (22.2%) 11 (34.4%) 7 (14.3%) 

Smoking, n (%)    

Non-smoker 55 (67.9%) 19 (59.4%) 36 (73.5%) 

Smoker 12 (14.8%) 4 (12.5%) 8 (16.3%) 

Missing 14 (17.3%) 9 (28.1%) 5 (10.2%) 

Hypertension, n (%)    

No 11 (13.6%) 3 (9.4%) 8 (16.3%) 

Yes 20 (24.7%) 6 (18.8%) 14 (28.6%) 

Missing 50 (61.7%) 23 (71.9%) 27 (55.1%) 

Vegetables, n (%)    

Never/rarely 18 (22.2%) 9 (28.1%) 9 (18.4%) 

≥1-2 per week 51 (63.0%) 15 (46.9%) 36 (73.5%) 

Missing 12 (14.8%) 8 (25.0%) 4 (8.2%) 

Fruit, n (%)    

Never/rarely 36 (44.4%) 16 (50.0%) 20 (40.8%) 

≥1-2 per week 33 (40.7%) 8 (25.0%) 25 (51.0%) 

Missing 12 (14.8%) 8 (25.0%) 4 (8.2%) 

Whole grain, n (%)    

Never/rarely 28 (34.6%) 10 (31.2%) 18 (36.7%) 

≥1-2 per week 40 (49.4%) 14 (43.8%) 26 (53.1%) 

Missing 13 (16.0%) 8 (25.0%) 5 (10.2%) 

Fish, n (%)    

Never/rarely 40 (49.4%) 13 (40.6%) 27 (55.1%) 

≥1 per week 12 (14.8%) 4 (12.5%) 8 (16.3%) 

Missing 29 (35.8%) 15 (46.9%) 14 (28.6%) 

* Cooper test is a 12-minute walk/run test to evaluate participants physical fitness.  
** Quality of life below 50 classified as low quality of life, quality of life over 50 classified as high.   
*** Household income below average classified as monthly income lower than 900 (ISK) per month and income above average 
classified as monthly income higher than 900 (ISK) per month.  
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Appendix 1: Lifestyle intervention curriculum 
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Appendix 2: Approval from Bioethics Committee  
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Appendix 3: Introduction letter 
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Appendix 4: Informed consent 
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Appendix 5: Questionnaire  

 

 



  

67 

 



  

68 

 

 

 

 

 

 

 

 



  

69 

 



  

70 



  

71 

 



  

72 

 



  

73 

 

 



  

74 

 

 

 



  

75 

 

 

 


