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Abstract 

Background: The number of people choosing to eat a plant-based diet is rapidly increasing. 

At the same time, the market for plant-based meat and dairy substitutes is growing fast.  

 

Objective: The main objective in this study was to assess the total dietary intake and the 

intake of plant-based meat and dairy substitutes in vegan, vegetarian and pescatarian diets in 

Norway.  

 

Method: 24-hour recall was used to assess the total dietary intake of macro- and 

micronutrients, including supplements, and the intake of plant-based substitutes in a sample of 

158 participants (83 vegans, 47 vegetarians and 28 pescatarians). Food intake was registered 

meticulously and nutrient content calculated in FoodCalc. 

 

Results and conclusion: The main findings indicate that vegans, vegetarians and pescatarians 

in Norway have beneficial macronutrient intake, with median energy percentages within the 

levels of the Nordic Nutrition Recommendations. In addition, the overall median intake of 

most micronutrients met the average requirement. However, the proportion of participants 

meeting the average requirements was low for iodine (55 %), vitamin D (57 %) and selenium 

(58 %), suggesting a risk of inadequate intake of these micronutrients in plant-based diets. 

Use of supplements were reported by 68 % of the participants, and supplements was the 

single main source of vitamins D and B, iron, zinc, selenium and iodine. The results indicated 

high intake of plant-based substitutes in the group, as intake of meat- and dairy substitutes 

were reported by 44 % and 68 % of the participants respectively. Most meat substitutes 

reported, were based on soy, and most dairy substitutes based on oats or soy. Dietary practice 

was a predictor of both meat- and dairy substitutes, and vegans had significantly higher odds 

than pescatarians. In addition, health motivated dietary practice and animal welfare motivated 

dietary practice were strong predictors of dairy substitute intake. 

 

  



Sammendrag 

Bakgrunn: Antallet personer som velger å spise et plantebasert kosthold øker raskt. Samtidig 

opplever markedet for plantebaserte kjøtt- og meierierstatninger en kraftig vekst.  

 

Mål: Målet med denne oppgaven var å vurdere det totale næringsinntaket og inntaket av 

plantebaserte kjøtt og meierierstatningsprodukter i veganske, vegetariske og pescetariske 

kosthold i Norge.  

 

Metode: 24-timers kostintervju ble brukt til å vurdere det totale inntaket av makro- og 

mikronæringsstoffer, og inntaket av plantebaserte erstatninger i et utvalg på 158 deltakere (83 

veganere, 47 vegetarianere og 28 pescetarianere). Inntak av all mat og drikke ble nøyaktig 

registrert, og næringsinntaket ble kalkulert i FoodCalc.  

 

Resultater og konklusjon: Hovedfunnene indikerer at veganere, vegetarianere og 

pescetarianere i Norge har et gunstig inntak av makronæringsstoffer, med median 

energiprosent innenfor anbefalingen i Nordic Nutrition Recommendations. Mediant inntak av 

de fleste mikronæringsstoffene møtte gjennomsnittlig behov i det samlede utvalget. Den lave 

andelen av deltakere som møtte gjennomsnittlig behov for jod (55%), vitamin D (57%) og 

selen (58%), kan likevel indikere at gruppen har økt risiko for utilstrekkelig inntak av disse 

mikronæringsstoffene. Bruk av kosttilskudd ble rapportert av 68 % av deltakerne, og 

kosttilskudd var den største kilden til vitamin D og B, jern, sink, selen og jod. Videre tyder 

resultatene på at gruppen har et høyt inntak av plantebaserte erstatninger, ettersom inntak av 

kjøtt- og meierierstatninger ble rapportert av henholdsvis 44% og 68% av deltakerne. De 

fleste kjøtterstatningene som ble rapportert var basert på soya, og de fleste 

meieriferstatningene var basert på havre eller soya. Type kosthold var en prediktor for både 

kjøtt- og meieriprodukter, og veganere hadde signifikant høyere odds enn pescetarianere. I 

tillegg var helse som motivasjon for valg av kosthold og dyrevelferd som motivasjon for valg 

kosthold sterke prediktorer for inntak av meierierstatninger. 
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1.0 Introduction   

In order to provide the growing world population with sufficient, nutritious food with low 

environmental impact, a change towards more sustainable and healthy diets is necessary 

(FAO and WHO, 2019). However, there are diverging views on what sustainable and healthy 

eating constitutes. In recent years, many reports on how to live within the planetary 

boundaries, have called attention to the need for more plant-based diets, particularly in the 

western countries (FAO, IFAD, UNICEF, WFP, & WHO, 2020; Willett et al., 2019; WWF, 

2020). In line with the increased concern for climate change and health, plant-based eating is 

rapidly gaining popularity, and vegetarianism is the fastest growing culinary trend in 

European countries (Sebastiani et al., 2019).  

 

Plant-based eating or vegetarianism entails excluding meat and/or other foods of animal 

origin from the diet (Melina, Craig, & Levin, 2016). In Norway it is estimated that more than 

10 % are substituting meat or other animal derived foods for plant-based alternatives on a 

regular basis, (National Public Health Survey, 2021). Approximately 1 % are vegans, 4 % 

vegetarians and 7 % flexitarian. A report on Norwegian meatless eating habits, found that 

health was the main reason for wanting to reduce the intake of red meat (Bugge & Alfnes, 

2018). Other reasons are concern for animal welfare or wishing to eat more sustainable. The 

latter was investigated in the recent Norwegian National Public Health Survey (2021), where 

62 % reported changing their diets during the last three years to eat a more sustainable or 

environmentally friendly diet. Traditional vegan, vegetarian and pescatarian diets, have long 

been associated with health benefits (Dinu, Abbate, Gensini, Casini, & Sofi, 2017). 

Vegetarians and vegans have been found to have lower body mass index and reduced risk of 

several chronic diseases such as cardiometabolic disease, compared to omnivores (Benatar & 

Stewart, 2018; Fraser, 1999; Hemler & Hu, 2019; Key et al., 2014). 

 

Well composed plant-based diets are rich in vegetables, legumes, whole grains, nuts and 

seeds, which contribute to increased intake of beneficiary nutrients like dietary fibres and 

polyunsaturated fatty acids (Melina et al., 2016). However, exclusion of foods of animal 

origin does not necessarily make the diet healthy. The diets content of micronutrients and n-3 

fatty acids, in addition to the sources of protein should be carefully considered to avoid 

deficiencies (Melina et al., 2016; Norwegian Directorate of Health, 2021). Furthermore, there 

is an expanding range of plant-based substitutes available in Norway, and consumption of 
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these products may affect the quality of vegetarians and vegans’ diets and consequently their 

health. In order to assess this, we need to know more about the consumption of such products.  

 

Although, multiple studies have investigated the composition and possible health effects of 

vegan and vegetarian diets, little is known about the nutrient intake in Norwegian plant-based 

diets. To our knowledge there are no studies on the dietary intake in Norway that give a detail 

information on the intake of macro-and micronutrients, or the intake of meat and dairy 

substitutes in plant-based diets. Therefore, the objective of this project was to assess the 

overall nutrient intake and the consumption of plant-based substitutes in vegan, vegetarian, 

and pescatarian diets in Norway. The project has been a two-part study. In the first part, intake 

and status of iodine (Groufh-Jacobsen et al., 2020), vitamin B12  (paper submitted to a journal) 

and iron (Henjum, Groufh-Jacobsen, Stea, Tonheim, & Almendingen, 2021) was assessed. 

The second, which is the work of this master thesis, assessed the overall nutrient intake and 

consumption of plant-based substitutes. In the second part, the master student conducted all 

the dietary interviews with the participants and analysed the data, including calculations of 

nutrient intake in FoodCalc. 

 

2.0 Theoretical background 

2.1 Current diets and global challenges 

Two of the major challenges today are degradation of environmental and natural resources, 

and malnutrition in all its forms (FAO and WHO, 2019). Both are accelerating, and both are 

strongly linked with the food system. The way we produce and consume food is a threat to the 

environment as it is a substantial driver of land conversion, and one of the main contributors 

to deforestation and loss of biodiversity (FAO, 2019). In addition, agriculture alone accounts 

for 70 per cent of the freshwater withdrawals. Furthermore, the present food system is 

responsible for 20-35 per cent of the global Greenhouse Gas (GHG) emissions, with livestock 

contributing to about 14 per cent of the total (FAO, 2019; FAO and WHO, 2019). Reducing 

GHG emissions is essential to mitigate climate change, by keeping the global rise in 

temperature within the 2°C target set by the Paris Agreement for Climate Change in 2050 

(UNSCN, 2017). This pose a significant challenge as the demand for food is expected to 

increase by almost 50 per cent by 2050. As a consequence, GHG emissions linked to the food 

system could account for approximately half of the total emissions allowed to reach the 2°C 
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target. Moreover, social and demographic changes will lead to a growing demand for animal-

source foods which will add to the environmental strain (UNSCN, 2017).  

The impact of global warming has already begun to threaten agriculture, affecting food 

security among already vulnerable populations (FAO, 2019). Although the global food 

production at present is sufficient to feed the world, there are huge inequalities in access 

(FAO and WHO, 2019). Today, there are 2 billion people affected by food insecurity, of 

which there are 690 million suffering from hunger (FAO et al., 2020). Meanwhile, 1/3 of the 

world population are overweight or obese, and the trend is increasing. Unhealthy diets are one 

of the largest risk factors for non-communicable diseases (NCDs), such as diabetes type 2, 

cardiovascular disease and certain cancers, and contributed to 11 million deaths and 255 

million Disability Adjusted Life Years in 2017 (GBD 2017 Diet Collaborators, 2019). 

 

2.2 Sustainable and healthy diets 

2.2.1 Sustainable diets 

To address these challenges, the Sustainable Development Goals (SDGs) was adopted in 

2015, and three of the 17 goals to achieve by 2030, are directly linked to food and food 

systems; Goal 2 - Zero hunger, Goal 3 - Good health and wellbeing, and Goal 12 - 

Responsible production and consumption. Pivotal to reaching these goals is a global shift 

towards sustainable diets, which has been defined by the Food and Agriculture Organization 

(FAO) as  

 

“those diets with low environmental impacts which contribute to food and nutrition security 

and to healthy life for present and future generations. Sustainable diets are protective and 

respectful of biodiversity and ecosystems, culturally acceptable, accessible, economically fair 

and affordable; nutritionally adequate, safe and healthy; while optimizing natural and human 

resources” (FAO, 2012).  

 

Although, sustainable diets often are understood in terms of environmental impact, this 

definition reflects the many dimensions of sustainable diets, and highlights the need for diets 

to be healthy and nutritionally adequate in order to be sustainable.  
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2.2.2 Healthy diets 

Healthy diets should prevent all forms of malnutrition and promote growth and development 

(FAO and WHO, 2019). The term “malnutrition” was earlier understood as undernutrition, 

such as wasting (low weight/height), stunting (low height/age), underweight or deficiencies in 

vitamins or minerals. However, today, malnutrition in all its forms, also include obesity and 

diets which increase the risk of NCDs. As mentioned, NCDs are one of the largest causes of 

mortality and disability, and Global Burden of Disease (GBD) Study (2018) found many of 

the leading risk factors for NCDs to be diet related. The dietary risk factors identified in the 

study are presented in table 1.  

 

 

Table 1   Dietary risk factors for NCDs, identified in the GBD Study 

  

             GBD: Dietary risk factors for NCDs Healthy diets 

Low intake High intake  Increase intake Limit intake 

Fruits Red meat Fruits Energy from free sugars 

Vegetables Processed meat Vegetables (except starchy 
root vegetables 

Energy from total fats 

Legumes Sugar sweetened beverages Legumes Saturated fats 

Whole grains Trans fatty acids  Whole grains Trans fats 

Nuts Sodium Nuts Salt 

Seeds 
   

n-3 fatty acids from seafood 
 

Choose  

n-6 polyunsaturated fatty acids 
 

Choose unsaturated fats over saturated fats 

Calcium 
 

Choose iodized salts  

Fibre       

(FAO and WHO, 2019; GBD 2017 Diet Collaborators, 2019)  

 

Table 1 also outlines the main dietary factors that contribute to a healthy diet, mainly 

increased intake of plant-based foods such as vegetables, fruits, legumes, whole grains and 

nuts. In addition to these recommendations, moderate amounts of eggs, dairy, poultry and 

fish, and small amounts of red meat may be included (FAO et al., 2020).  

 

2.3 Plant-based diets 

2.3.1 Definitions 

Plant-based diets is a collective term for a variety of eating patterns excluding animal-based 

foods (Melina et al., 2016). Vegan, vegetarians, pescatarian and flexitarian diets are examples 

of such eating patterns (Norwegian Directorate of Health, 2015b). In a vegan diet all foods of 
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animal origin are excluded, including honey, beeswax, certain flavour additives, colouring 

agents and preservatives. A vegetarian diet excludes flesh of meat and fish but may include 

dairy (lacto-vegetarian) or egg (ovo-vegetarian) or both (lacto-ovo-vegetarian). In a 

pescatarian diet, fish and/or seafood are included, sometimes in addition to dairy and egg. The 

plant-based diets are diverse and many variants do not strictly fit with any of these categories. 

This is especially true with flexitarian diets, which as the name implies, are flexible, and 

allows for all varieties of plant-based eating where meat is limited or excluded on a regular 

basis (Bugge & Alfnes, 2018).  

 

2.3.2 Prevalence worldwide 

The number of people following a plant-based diet has increased considerably in the western 

world in the last years (Alcorta, Porta, Tárrega, Alvarez, & Vaquero, 2021). According to the 

website “Vegan Society” the number of vegans in the United Kingdom (UK) quadrupled from 

2014 to 2019 reaching 600.000 vegans (1.6 % of the UK population) in 2019 (The Vegan 

Society). In Germany, 2.9 % classifies themselves as vegan and 4.3 % as vegetarians (The 

Vegan Society). Similar trends are seen in United States (U.S), where the number of vegans 

increased by 500% from 2014 to an estimated 19.6 million in 2017 (The Vegan Society). The 

numbers of Australian vegans reached 2.1 million in 2016, accounting for approximately 11.2 

% of the country’s population (Roy Morgan, 2016) .  

 

2.3.3 Environmental sustainability 

Current evidence strongly suggests that a dietary shift towards healthy plant-based diets 

would contribute to alleviate the threat of NCDs and environmental degradation.  

Multiple studies have found GHG emission, and land and water use to be proportional to the 

reduction of animal source foods in the diet (Aleksandrowicz, Green, Joy, Smith, & Haines, 

2016; Chai et al., 2019; Hallström, Carlsson-Kanyama, & Börjesson, 2015). Also studies 

examining the environmental sustainability in specific plant-based diets have reached similar 

conclusion (Fresán & Sabaté, 2019; J. Sabaté & Soret, 2014), as have studies on “the 

Mediterranean diet”, which is known to be rich in plant-based foods (Castañé & Antón, 2017; 

Sandro Dernini & Berry, 2015; S. Dernini et al., 2017). These findings are further  

corroborated by sustainability analysis on specific foods or food groups, which have found 

plant-based foods, such as pulses/legumes, grains and vegetables to have considerably lower 

environmental footprint compared to both meat and dairy (Clune, Crossin, & Verghese, 
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2017). Environmentally sustainable diets are however, not necessarily healthy (FAO et al., 

2020).  

 

2.3.4 Environmental sustainability and health 

Several reports have investigated the combined effects on both health and the environment in 

global adoption of different diets (FAO et al., 2020; Willett et al., 2019; WWF, 2020). The 

conclusions indicates that diets with considerably lower share of animal-based foods are 

beneficial for both human and planetary health. A modelling study by Springmann et al. 

(2018) estimated the joint effects on environment and health by adopting different diets in 150 

countries across the world The study found that widespread adoption of vegan, vegetarian, 

pescatarian and flexitarian diets designed to meet public health objectives could reduce the 

risk of diet-related mortality by approximately 20 % and GHG emission by 54-87 % while 

being nutritionally adequate.  

 

2.3.5 Composition  

A well-planned plant-based diet can be both healthy and nutritionally adequate through all 

stages of life, including childhood and pregnancy (Melina et al., 2016). The staple foods in  

plant-based diets are whole grains, legumes, vegetables and fruits seeds (Melina et al., 2016; 

Norwegian Directorate of Health, 2015b). Most diets also contain ample amounts of berries, 

nuts and seeds. In addition, varying amounts of dairy, egg and/or fish may be consumed as 

previously described. Different substitute products for meat, dairy and egg, which are often 

made from soy, peas, various cereals or fungi can also be part of a plant-based diet (Frank B. 

Hu, Otis, & McCarthy, 2019; Röös, Garnett, Watz, & Sjörs, 2018; Santo et al., 2020). Plant-

foods are usually a good source of dietary fibres, folate, Vitamin C, unsaturated fatty acids 

and other plant composites, such as polyphenols (Melina et al., 2016; NNR, 2012). Protein 

quality in plant-based diets has been discussed, but given that energy requirements are met 

and protein from a variety of plant-sources (legumes and whole grains) are eaten during the 

day, the diet will provide all essential amino acids (Hever, 2016). Because most plant-based 

foods (whole grain, vegetables, fruits, berries and legumes) are low in energy, plant-based 

diets typically contain less kilocalories compared with omnivorous diets (Bakaloudi et al., 

2020). 
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2.3.6 Plant-based diets and health benefits 

Adhering to vegan, vegetarian or pescatarian diets has long been associated with health 

benefits and reduced risk for several chronic diseases (Benatar & Stewart, 2018; Key et al., 

2014), such as lower risk of cardiovascular disease (CVD) (Fraser, 1999; Hemler & Hu, 2019; 

Frank B Hu, 2003), some cancers (Fraser, 1999; Key et al., 2014) and type 2 diabetes (Olfert 

& Wattick, 2018). Vegetarian and vegan diets are also associated with a favourable cardio 

metabolic risk profile compared with omnivore diets, including lower BMI (Appleby, 

Thorogood, Mann, & Key, 1999; Benatar & Stewart, 2018), lower blood pressure (Benatar & 

Stewart, 2018), and decreased levels of total cholesterol (Dinu et al., 2017), low-density 

lipoprotein cholesterol (LDL) and triglycerides (Benatar & Stewart, 2018). One of the 

suggested explanations for the health benefits associated with plant-based diets, are the 

exclusion of red- and processed meats, due to the adverse effects of these foods (Larsson & 

Orsini, 2013; WCRF & AICR, 2018). Another, is that the health benefits are due to the 

positive effects of increased intake of plant-based foods in the diet (Leitzmann, 2014). Both 

explanations are in line with current evidence of dietary risk factors for NCDs (GBD 2017 

Diet Collaborators, 2019) (table 1) and the recommendations for healthy diets (FAO and 

WHO, 2019). 

 

2.3.7 Plant-based diets and health risks 

Although plant-based diets can be beneficial, the healthiness of these diets depends on the 

actual food intake, not simply excluding animal-based foods (Melina et al., 2016). Eating 

patterns emphasizing less nutritious foods, often mentioned as “empty calories”, i.e., white 

bread, rice or pasta, deep-fried fast foods, sweets and snacks is unhealthy whether or not 

animal-source foods are a part of the diet (Hemler & Hu, 2019). An American study, 

including more than 200 000 participants, examined the effect on coronary heart disease 

(CHD) for healthy plant-based diets versus unhealthy plant-based diets by creating health 

indexes (Satija et al., 2017). The indexes were based on the content of high-quality plant-

foods, weighed as healthy (whole grains, legumes, vegetables, fruits, nuts oils, tea and 

coffee), and animal-based and low-quality plant-foods, weighed as unhealthy (refined grains, 

sugary beverages, potatoes/fries, sweets/deserts, fruits juices,). Whereas healthy plant-based 

diets substantially lowered the risk of CHD, the unhealthy plant-based diets were associated 

with higher CHD risk (Satija et al., 2017). 

 



  8 

Although, healthy plant-based diets can be nutritionally adequate, there are some concerns 

about the potential of inadequate intake of essential nutrients (Sobiecki, Appleby, Bradbury, 

& Key, 2016). Foods of animal origin are the main source of several micronutrients (table 2). 

Some of these nutrient cannot be provided from plant-foods, or have less bioavailability when 

sourced from plants (Melina et al., 2016). It is therefore important to include foods, that 

combined, ensures sufficient intake of critical nutrients, and use of supplements may be 

necessary (Melina et al., 2016). The following sections will address the micronutrients of 

concern, which are listed in table 2 with their animal- and plant-based food sources.  

 

 

2.3.7.1 Vitamin D 

Vitamin D can be synthesized in the skin from cholesterol and ultraviolet light when exposed 

to sunlight (Gallagher, 2012). However, due to the latitude of the Northern countries, dietary 

intake may be necessary to maintain adequate vitamin D status during the winter. (NNR, 

2012). The vitamin is fat-soluble, and is found as vitamin D3 in some animal-based foods 

(table 2), and as vitamin D2 in some mushrooms (NNR, 2012). Because of limited sources in 

plant-based diets, supplementation may be necessary to maintain vitamin D status in plant-

based diets (Melina et al., 2016). The primary function of vitamin D is to stimulate the 

absorption of calcium. Along with parathyroid hormone, vitamin D also contributes to 

stimulate release of calcium from bone, and is thereby vital to maintain normal concentration 

of calcium in the blood. Deficiency of vitamin D may result in bone demineralization, and in 

severe cases osteoporosis or rickets in children. In addition, vitamin D may be involved in the 

immune system, onset of autoimmune disease, muscle strength and infections (Gallagher, 

2012; NNR, 2012). 

 

Table 2    Micronutrients of concern in a plant-based diet and their animal- and plant-based food sources    
   

Nutrient Animal-based food source in the Norwegian diet Plant-based food source 

B12 Meat, dairy, fish, shellfish, egg, all animal source food Fortified plant-based milk substitutes 

Vitamin D Fatty fish, fortified milk, eggs Fortified plant-based milk substitutes 

Calcium Cow's milk, cheese, other dairy products Cabbage, kale, broccoli, bok choi, white beans, almonds, 
sesame seeds, tahin, calcium-set tofu, figs 

Zinc Meat, milk, dairy products Soy-based products, legumes, whole-grains, seeds, nuts 

Selenium Fish, seafood, eggs, animal source food Brazil nuts, wheat imported from North America, plant-foods 
grown in selenium rich soil 

Iron  Meat,  Legumes, leafy greens, soybeans, dried fruits, quinoa, tahin 

Iodine Marine fish, shellfish, milk, dairy, eggs Sea vegetables (Nori, wakame)  

(Hever, 2016; Melina et al., 2016; Nordic Council of Ministers, 2014) 
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2.3.7.2 Vitamin B12 

Vitamin B12 (cobalamin), refers to a group of cobalt-containing compounds (Gallagher, 2012), 

which is vital to normal blood formation and neurological function (NNR, 2012). The 

absorption of vitamin B12 is dependent on hydrochloric acid and pepsin in the stomach, and 

the binding of intrinsic factor. Malabsorption due to impaired gastric function, is therefore the 

major cause of deficiency, and frequent in elderly people (NNR, 2012). However, as vitamin 

B12, in adequately nourished individuals, is stored in sufficient amounts in the body, clinical 

symptoms of deficiency usually develop only after prolonged insufficient intake. B12 

deficiency is nevertheless the most severe consequence of a poorly planned plant-based diet, 

as it can cause irreversible damage to the nervous system, megaloblastic anemia, dementia 

and stroke (Melina et al., 2016; NNR, 2012). As shown in table 2, plant-based foods are not a 

reliable sources of B12, as it is mainly found in animal-foods (NNR, 2012). 

 

2.3.7.3 Calcium 

Calcium is the most abundant mineral in the body, and 99 % is found in teeth and bones 

(Gallagher, 2012). The remaining 1 % of free calcium is required in nerve transmissions, heart 

and muscle contraction and enzymatic reactions (NNR, 2012). Because of these vital 

functions, the calcium homeostasis is strictly regulated to maintain a constant concentration in 

plasma. As calcium is released from bones if the intake is insufficient to maintain the plasma 

concentration, inadequate intake may influence bone mineral density (BMD) in children, 

adolescents and postmenopausal women (Gallagher, 2012). As shown in table 2, there are 

both animal-based and plant-based sources of calcium in the diet, but the bioavailability of 

calcium from plant foods may be reduced (NNR, 2012). Absorption of calcium is inhibited by 

oxalate and phytate, which is found in several green vegetables and whole grains. Reduced 

absorption may also occur in diets containing more than 30 g/d of dietary fibres (Gallagher, 

2012), which are likely in plant-based diets (Allès et al., 2017; Elorinne et al., 2016; 

Kristensen et al., 2015; Sobiecki et al., 2016). However, calcium absorption increases with 

increasing physiological needs, and with decreased content of calcium in the diet.  

 

2.3.7.4 Iron 

Iron is involved in numerous vital functions in the body, mainly due to its oxidation and 

reduction properties (Gallagher, 2012). The nutrient is the oxygen-binding compound in 

haemoglobin, necessary to transfer and transport oxygen from the lungs to the tissues, and 
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carbon dioxide from the tissues to lungs. Iron is also essential to the function of cytochrome 

enzymes, that are needed in cellular respiration and energy generation (Gallagher, 2012). In 

food, iron exists in the form of haem iron or non-haem iron (NNR, 2012). The haem iron is 

mainly found in meat, and is usually more efficiently absorbed than the non-haem iron found 

in plant foods (table 2). Absorption of non-haem iron is inhibited in foods with high phytate 

content, by oxalate, calcium and by tannins (polyphenols) in tea (Gallagher, 2012; NNR, 

2012). Ascorbic acid (vitamin C) can, however, enhance absorption. Iron deficiency anaemia, 

is the world’s most common micronutrient deficiency (NNR, 2012). Although, the prevalence 

of this disease in Norway is relatively low, iron deficiency may occur in infants, young 

children and women of reproductive age, due to increased needs for iron (NNR, 2012).  

 

2.3.7.5 Zinc 

Zinc is a component in several proteins and essential for more than 300 enzymes (Gallagher, 

2012). The nutrient is involved in the synthesis and metabolism of carbohydrates, lipids, 

proteins and nucleic acids (Gallagher, 2012; NNR, 2012). In addition, zinc is important for 

normal immune function (NNR, 2012). The main sources of zinc in Norway are meat, milk, 

dairy and whole grains (table 2). Whole grains is also an important source of zinc in plant-

based diets, as well as dry beans and nuts (Gallagher, 2012). Absorption of zinc is inhibited 

by phytates, and may also be reduced by high intakes of calcium and iron (Gallagher, 2012). 

Sever zinc deficiency with clinical manifestation is rare in Norway (NNR, 2012), and the 

consequences of moderate or mild deficiency are not yet established. 

 

2.3.7.6 Selenium 

Selenium is a part of several proteins distributed in tissues in the whole body (Gallagher, 

2012). The nutrient acts as a co-factor to antioxidants and in the metabolism of thyroid 

hormones (NNR, 2012). The content of selenium in foods varies greatly, as it depends on the 

soil where the foods were grown or the animals grazed (NNR, 2012; Gallagher, 2012). Fish, 

seafood and eggs are the most important sources of selenium in Norway, as domestically 

grown grains and vegetables contains limited amounts of the nutrient, due to low selenium 

content in Norwegian soil (NNR, 2012). Apart from brazil nuts, there a therefor few plant-

based sources of selenium, unless the food is imported from countries with higher 

concentrations in the soil. 
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2.3.7.7 Iodine 

Iodine is trace mineral necessary for the synthesis of thyroid hormones, and therefore 

essential for normal thyroid function and cellular metabolism (Gallagher, 2012; Nordic 

Council of Ministers, 2014). Iodine deficiency is the main cause of goitre, and in pregnant or 

lactating women, moderate and mild deficiency is associated with impaired child 

development (Zimmermann, Jooste, & Pandav, 2008). Although, iodine deficiency continues 

to be one of the most common nutrient deficiencies globally, severe deficiency with goitre 

was eradicated in Norway by mandatory iodisation of cow’s fodder (NNR, 2012). However, 

studies have shown that women in reproductive age and vegans and vegetarians may be at risk 

of insufficient iodine intake and status (Brantsæter et al., 2018; Groufh-Jacobsen et al., 2020; 

Henjum et al., 2018). The most important sources of iodine in Norway are marine fish, 

shellfish, cow’s milk and dairy (NNR, 2012). In vegan diets iodine can be obtained from 

seaweed products or kelp (Gallagher, 2012). 

 

2. 4 Plant-based substitutes  

2.4.1 Market  

The market for plant-based substitutes has grown tremendously in the recent years, both in 

Norway (Grundekjøn, 2021) and in Europe (Smart Protein Project, 2021). Analysing the 

market for meat and dairy substitutes in 11 European countries, the Smart Protein Project 

(2021) revealed that sales values reached € 3.6 billion in 2020, which was 49 % higher than in 

2018. The greatest proportional increase in sales values were seen in Germany (97 %), and the 

sales values for plant-based milks and meat equalled € 369 million and € 181 million 

respectively. Among other countries reporting a surge in the sales values were UK (73 % 

growth), Netherlands (50 % growth) and Spain (48 % growth) (Smart Protein Project, 2021). 

For Denmark, the only Nordic country to be included in the analysis, the sales values had 

grown by 29 %. Across most countries, increased sales values of oat-based milk and dairy 

substitutes were seen, but the sales value of soy-based products also remains high  (Smart 

Protein Project, 2021). Plant-based substitutes are high in demand also in Norway, and  

Orkla’s revenue for this segment grew by 30 % from 2019 to 870 million NOK in 2020 (Elle, 

2021). In addition to animal welfare, concern for health or the environment are suggested as 

main drivers of this rapid increase in the plant-based substitute market (Ismail, Hwang, & Joo, 

2020; Paul, Kumar, Kumar, & Sharma, 2020). Although, the demand for plant-based milks 

was initiated to accommodate people with cow’s milk allergy or lactose intolerance, the late 
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years popularity has been attributed to health concerns and following vegetarian or vegan 

diets (Mäkinen, Wanhalinna, Zannini, & Arendt, 2016)   

 

2.4.1 Meat substitutes 

Plant-based meat substitutes are products designed to replace meat and meat products in the 

diet (Bohrer, 2019). Early forms of meat substitutes i.e., tofu or tempeh were made from soy 

and subjected to a low grade of processing (Bohrer, 2019). Today, a wide selection of 

products intended to mimic the function, taste and texture of meat in the diet, i.e.; “plant-

burgers”, “plant-sausages” or “plant-mince” are available (Curtain & Grafenauer, 2019). 

Technological development has enabled the production of substitutes that offer the consumer 

a sensory experience similar to that of eating meat (Frank B. Hu et al., 2019). This new 

generation of plant-based meat analogues, of which the brand “Beyond meat” is an example, 

has become widely popular (Frank B. Hu et al., 2019; Santo et al., 2020). Many plant-based 

meat substitutes are still made from soy, though products based on protein isolates from peas, 

wheat, chickpeas, beans and fungi (mycoprotein) are also common (Frank B. Hu et al., 2019; 

Santo et al., 2020). Additionally, there are products based on starchy root vegetables such as 

beetroot, sweet potatoes and potatoes (Coop, 2021; HOFF, 2021).  

 

2.4.2 Dairy substitutes 

Plant-based dairy substitutes includes a wide range of non-dairy products used as replacement 

for milk, cheese, yoghurts, creams, ice creams and other cooking ingredients which are 

usually based on cow’s milk (Röös et al., 2018). The main raw ingredients in non-dairy milks 

are soy, oats, rice, almond and coconut (Paul et al., 2020), although variants based on other 

ingredients as quinoa, hemp and seeds are also available (Mäkinen et al., 2016). Plant-based 

milk substitutes has long been on the market (Alcorta et al., 2021; Silva, Silva, & Ribeiro, 

2020), but the substitutes for cheese were relatively recently introduced in regular grocery 

stores in Norway. The raw ingredients in these cheese substitute products, have to our 

knowledge not yet been examined. However, cheese substitutes made from fermented tofu 

have existed since 1500s in Asia (SoyInfo Center). Other cheese substitutes have been used 

for decades in pizza as a cheaper alternative to regular cheese (Bachmann, 2001). Due to 

limitations in flavour, these products have not gained general popularity until the last years, 

but are now available in a range of varieties intended to mimic products such as parmesan, 

cream cheese and cheddar (Go'Vegan; Violife). 
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2.4.3 Plant-based substitute products and nutrition  

The term plant-based is in general associated with “healthy” and “sustainable” (Van Loo, 

Hoefkens, & Verbeke, 2017), and marketing strategies for substitute products highlights the 

nutritional benefits of the plant-based raw ingredient in the product (Oatly, 2021; Orkla; 

Vanga & Raghavan, 2018). Although, the raw ingredients may be associated with positive 

health effects, this may not apply to the final products (Choudhury, Singh, Seah, Yeo, & Tan, 

2020).  During processing, nutrients such as vitamins, minerals and trace elements may be 

lost, and less healthy ingredients such as salt, sugar and saturated fatty acids (SFA) may be 

added, altering the nutrient value of the final product. Consequently, many plant-based 

substitutes meet the NOVA criteria for ultra-processed foods (Gehring et al., 2020; Monteiro 

et al., 2018). The healthiness of these products have been therefore been questioned 

(Wickramasinghe et al., 2021),.s 

 

Studies have however, found the nutrient content in meat substitutes to vary widely, both 

across and within different product categories (Curtain & Grafenauer, 2019; Frank B. Hu et 

al., 2019). When compared to regular meat, the substitutes are suggested to contain less 

saturated fat and more dietary fibre, but also generally higher levels of salt (Bohrer, 2019; 

Curtain & Grafenauer, 2019). Furthermore, studies have found the protein content in 

substitutes to be similar to the content in meat, though the quality of protein in these products 

has been less examined (Bohrer, 2019). Plant-based milks have also been found to vary 

greatly in nutrient content (Mäkinen et al., 2016; Silva et al., 2020; Vanga & Raghavan, 

2018). This variation has mainly been explained by the different nutritional properties of the 

raw ingredients, and plant-based milks based on soy, has been found most nutritionally 

comparable to cow’s milk, mostly due to the protein content (Vanga & Raghavan, 2018). 

Because plant-based dairy substitutes do not contain comparable amounts of micronutrients to 

products based on cow’s milk, fortification or enrichment of plant-based milks with calcium, 

vitamin B12, riboflavin or iodine is widely used (Mäkinen et al., 2016). Although, many 

variants of plant-based substitutes on the Norwegian market are fortified, this is not true for 

all products (Alpro, 2021; Oatly, 2021). Vegan and vegetarians seeking to increase their 

intake of the aforementioned micronutrients should therefore consider the content of each 

product carefully. 
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2.5 Diets in Norway 

2.5.1 National goals and strategies  

Through the commitments to the SDGs and the Paris agreement, Norway aims to reduce 

premature mortality from NCDs by one third (UN, 2015), and GHG emissions by at least 50 

% compared to the 1990’s level, by 2030 (Ministry of Climate and Environment, 2021). 

Healthy and sustainable diets are central to achieve both targets (Norwegian Environment 

Agency, 2020; Sælensminde, Johansson, & Helleve, 2016). In Norway, NCDs are the cause 

of more than 50 % of early mortalities (before the age of 75), and unhealthy diets are one of 

the main risk factors for these diseases (Norwegian Ministries, 2017). It is also suggested that 

unhealthy or suboptimal diets are responsible for 8000 deaths per year in Norway (Norwegian 

Ministries, 2017). Reduction of NCDs is therefore incorporated in the National Action Plan 

for a Healthier Diet (2017). Among the population targets in this plan, are reducing intake of 

added sugar, saturated fats and salt in the diet, while increasing the consumption of 

vegetables, fruits, berries, whole grains and fish. Increased intake of these foods in addition to 

limited intake of meat is also described by the plan as a sustainable diet  

 

Increasing the intake of plant-based foods and fish, while reducing the intake of red and 

processed meat in the population is also one of proposed measures in the report “Klimakur” 

(2020). This measure is suggested to potentially reduce GHG emission in the agricultural 

sector by 2.9 million tons CO2-equivalents. In comparison, this reduction exceeds the estimates 

for all other measures in the agricultural sector combined. The estimation assumes that the 

whole population adapt the dietary guidelines for red or processed meat, and limit the intake 

to maximum 500 g per week (Klimakur, 2020).  

 

2.5.2 The Norwegian diet, dietary guidelines and sustainability 

The targets and measures for diets mentioned in the previous section, reflects the main 

recommendations in the Norwegian dietary guidelines (2015a). In addition, the guidelines 

also recommend maintaining energy balance and variation in the diet. According to “Trends 

in the Norwegian Diet 2020 (2021), there has been a positive development in the intake of 

added sugar, which has decreased by 25 % the last decade. Likewise, a positive trend in seen 

in the intake of vegetables, which have increased substantially the last ten years. However, 

compared to the guidelines, the intake of vegetables, whole grains, berries and fruits, fish and 

dietary fibres are still too low, and the intake of salt, sugar and saturated fat too high.  
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In 2017, an evaluation of the Norwegian dietary guidelines from a sustainability perspective 

was conducted (National Nutrition Council, 2017). The report, which included the importance 

of self-sufficiency in addition to health and environmental sustainability aspects, concluded 

that the current recommendations are sustainable. However, a modelling analysis by 

Springmann et al. (2020) estimated that global adoption of the Norwegian dietary guidelines 

would exceed the GHG emission target set by the Paris Agreement by a factor of 3.49. In 

comparison, the equivalent estimate for global adoption of vegan diets was 0.25 lower than 

the Paris Agreement target.  

 

2.5.3 Nutrition recommendations 

Although, micronutrient deficiencies remain a widespread challenge in populations where 

food insecurity and hunger persist (WHO, 2020), deficiencies in vitamins and minerals are 

less common in Norway, today (NNR, 2012). Early dietary recommendations focused on 

preventing diseases and conditions caused by deficiencies of specific nutrients (Mozaffarian, 

Rosenberg, & Uauy, 2018). Today’s advice, however aims at preventing NCDs in the 

population and communicate these in portions of foods, rather than amounts of nutrients. This 

current generation of food based dietary guidelines (FBDGs), considers the health effects of 

the total diet based on the contributions from different foods and nutrients (NNR, 2012 ; 

Norwegian Dietary Guidelines2015a). Nevertheless, the FBDGs are also based on 

recommendations for specific macro-and micronutrients, developed to meet the needs in 

healthy populations with adjustments made for gender, age and life stages (reproductive age, 

planning pregnancy, pregnancy, breast feeding, post menopause).  

 

2.5.3.1 Dietary reference values for evaluation of diet adequacy 

Several competent bodies have established dietary reference values (DRVs). Using average 

requirement (AR) and upper level (UL) as comparison values is in line with the recent 

proposal for harmonized dietary reference values for WHO, FAO, National Academies of 

Sciences, Engineering, and Medicine (NASEM), where AR and UL are considered the core 

values for evaluating population intakes (Allen, Carriquiry, & Murphy, 2019). The AR, which 

corresponds to the term estimated average requirement (EAR), is the lowest long-term intake 

that is estimated to meet the requirement of half of the healthy individuals in the population, 

given that requirement is normally distributed (NNR, 2012). The intake is considered to be 
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adequate if 97.5% of a population has a habitual intake above the estimated average 

requirement.  

 

2.5.3.1 Nordic Nutrition Recommendations  

In the Nordic countries, the Nordic Nutrition Recommendations (NNR) constitutes the 

scientific basis for each country’s FBDGs (Christensen et al., 2020). The recommendations 

emerged from a collaboration between the Nordic Council of Ministers, and Food and health 

authorities in Denmark, Finland, Sweden, and Norway. Since first published in 1980, the 

NNR has regularly been revised and updated based on the best available scientific evidence. 

In addition to recommendations for macro- and micronutrients, the following dietary 

reference values (DRVs) are defined: 1) average requirement (AR); 2) recommended intake 

(RI); 3) upper intake level (UL); 4) lower intake level (LI); 5) reference values for energy and 

FBDGs.  

 

2.5.4 Plant-based diets in Norway 

2.5.4.1 Prevalence 

Plant-based eating is on the rise in Norway, and in the National Public Health Survey (NPHS) 

(2021), approximately 10 % of the 8852 participants reported to eat more plant-based. The 

majority of these participants were flexitarians (6.9 %), followed by vegetarians (3.7 %) and 

vegans (1 %). Although more women (13 %) than men (8 %) reported to eat more plant-

based, there was no difference in gender in the number of vegans. Among people living in 

Oslo, 20 % reported to follow a plant-based diets, which was twice the percentage in other 

counties. The survey suggests that younger people (18- 29 year) are more likely to eat vegan 

or vegetarian. However, 6.8 % of participants in above 75 years reported to have a flexitarian 

diet. The survey conducted by Ipsos for Orkla last year, reported even higher proportions of 

plant-based eaters (Ipsos for Orkla, 2020). The survey included 1000 participants, of which 4 

% reported to follow a vegan diet, and another 4 % to be vegetarian. In additional 1 % 

reported to be pescatarian, while 12 % defined themselves as flexitarian.  

 

2.5.4.2 Motivation 

There are many different reasons for choosing to adhere to a plant-based diet, the most 

common being health, animal welfare and the environment (Hopwood, Bleidorn, Schwaba, & 

Chen, 2020). In Norway, health has been one of the main motivational factors for eating 

plant-based since the establishment of the predecessor for “The Norwegian Vegetarian 
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Society” (Norsk Vegetarforening) in 1930 (Thorbjørnsen, 2016), and according to Bugge and 

Alfnes (2018), health was still the most important reason for following a plant-based diet in 

2018. However, 62 % of the participants in the recent NPHS, reported changing their diets in 

the last three years for reasons of sustainability and environmental concern (NPHS, 2021). 

Among the changes frequently reported was, reducing meat intake and eating a vegetarian 

meal for supper.   

 

 A dietary shift towards more plant-based eating is necessary to mitigate climate change and 

ensure a sustainable food system (FAO and WHO, 2019). Although, there are many potential 

health benefits associated with eating plant-based, the healthiness and adequacy of plant-

based diets ultimately depends on the actual food intake. No previous studies in Norway have 

investigated the total dietary intake in the vegan, vegetarian and pescatarian population. Little 

is also known about the consumption of plant-based substitutes in this population. Because of 

the rising popularity of plant-based diets in Norway and the limited knowledge of the actual 

food intake in Norwegian vegan, vegetarian and pescatarian diets, it is of high importance to 

study the total dietary intake, including the intake of plant-based substitutes. 
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3.0 Purpose and objectives 

The purpose of this master thesis is to assess total dietary intake and intake of plant-based 

substitutes in vegans, vegetarians and pescatarians in Norway.  

 

The main objectives are: 

1) To calculate the intake of macro- and micronutrients and compare to recommendations in 

NNR 2012 

2) Compare the intake of micronutrients to the Average Requirements (AR) in NNR ( 2012) 

3) To assess the contribution of different food groups to the intake of selected micronutrients  

4) To assess the intake of meat- and dairy substitutes 

5) To explore the raw ingredients in the meat- and dairy substitutes 

6) In logistic regression analyses, assess predictors for meat- and dairy products. 
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4.0 Methods 

The following chapter describes the study design, the sample selection, data collection, data 

entry and the statistical analysis used.  

 

4.1 Study design 

This study had a cross sectional design and was part of a study on micronutrient (iodine and 

B12) intake and status in vegans, vegetarians and pescatarians in Norway. The data collection 

in the first part included biological samples of blood and urine in addition to information on 

dietary practice. Because of the limited knowledge about the total nutrient intake in this 

population and the rapid increase in the plant-based substitute market, we wanted to further 

examine dietary intake in the sample. After finishing the first part of the study, we therefore 

applied for more resources and ethical approval to extend the study. Participants who had 

given informed written consent to further questioning in the first part of the study, were 

contacted by text message and asked if they were willing to answer follow up questions. Thus, 

the second part of the study assessed total dietary intake, including use of meat and dairy 

substitutes, and was performed over phone by the master student. This master thesis includes 

the data from the second part of the study.  

 

4.2 Sample 

4.2.1 Participant recruitment 

Participants were recruited through convenience sampling and snowball sampling (Etikan, 

Musa, & Alkassim, 2016; Groufh-Jacobsen et al., 2020). These methods were chosen due to 

the relatively low prevalence of people adhering to a vegan, vegetarian and pescatarian diet in 

Norway. Initially, information about the study was shared on the OsloMet website and the 

website of Health Professionals for Plant-based Diets (HEPLA), in addition to closed groups 

for vegetarians and vegans on Facebook. Snowball sampling was used for further recruitment, 

by asking participants to spread information and invite friends and family with plant-based 

diets to participate (Bowling, 2014). 

 

Appointments for phone interviews were made with those who gave an affirmative answer. 

Those who did not answer the first text, were contacted a second time. If no answer was given 

after two text messages, the person was considered not interested in participation. Similarly, 

participants who did not answer their call at the scheduled time, and did not make contact 
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after receiving a following text message, were also excluded. Three participants were further 

excluded after the telephone interviews. Two of these were excluded due to intake of meat or 

poultry, reported in the initial questionnaire, and one due to fasting, which had not been 

clearly identified as an exclusion criterion. The recruitment to the present study is presented in 

the flow chart below (figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Flow chart of recruitment of vegans, vegetarians and pescatarians in Norway 

 

4.2.2 Sample size  

A total of 207 participants aged 18 -60 years were recruited (Groufh-Jacobsen et al., 2020). 

The inclusion criteria were 1) Kept a vegan or vegetarian diet for at least 6 months, 2) Above 

18 years of age, 3) Not currently medicated for thyroid related disease. Participants were 
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excluded if they reported thyroid disease, pregnancy, recent exposure to iodine-containing 

medications and contrast agents, meat-consumption or if they had taken vitamin B12 

injections.  

 

The final sample included 158 participants, of which 83 were vegans, 47 vegetarians and 28 

pescatarians. Classification into the respective dietary groups was made based on the 

background questionnaire (Appendix 2). The participants were asked about inclusion of cow’s 

milk, cheese based on cow’s milk, eggs, fish, poultry and red meat in their diet. Participants 

who answered “never” for all the above were classified as vegans. Participants who answered 

“never” for poultry, red meat and fish, but “seldom”, “sometimes”, or “often” for the 

remaining food groups were defined as vegetarians. Those who answered never for poultry 

and red meat, but “seldom”, “sometimes”, or “often” for fish were classified as pescatarians. 

Participants who in the subsequent data collection reported to have changed their dietary 

habits were reclassified into the appropriate dietary group. This was also the case for 

participants who reported food intake in the follow up that coincided with a less strict diet 

than the diet indicated by the questionnaire. For example, participant previously classified as 

vegans who reported intake of dairy in the subsequent interview (Melina et al., 2016).  

 

4.3 Data 

4.3.1 Data collection 

4.3.1.1 Questionnaire  

An electronic questionnaire was used to collect information on background variables (age, 

gender, weight, height, occupation, smoking habits, etc.) and dietary practices (Appendix 2) 

(Groufh-Jacobsen et al., 2020). Additionally, motivation and duration of current dietary 

practice and knowledge about nutritional composition of plant-based diets were assessed. The 

questionnaire was based on a previously validated questionnaire (Henjum et al., 2018), 

adapted, pilot tested and modified to fit the target group before study start (Groufh-Jacobsen 

et al., 2020). All participants completed the questionnaire at initial recruitment in the first 

study in the presence of a master student, who was available for questions.  

 

4.1.1.2 Dietary intake, 24-hour dietary recall 

In the second part of the study, a single semi-structured, 24-hour dietary recall (24HR) was 

used to collect data on total intake of food and beverages, including supplements and plant-
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based substitutes. This method was chosen as it is one of the most used methods to assess 

dietary intake, and because it allows for detailed records of each individual’s intake of food. 

In order to avoid participants knowingly or unknowingly adjusting their diet, participants 

were not informed in advance about the content of the interview.  

 

During the 24HR, all participants were asked to give detailed recalls of all food and beverage 

consumed in a timeframe of 24 hours the previous day (Gibson, 2005, pp. 41-42). At first, 

participants were encouraged to talk freely without interruption, beginning with the first meal 

or first consumption of any food or beverage. Participants were encouraged to describe as 

many ingredients in dishes or recipes as they could recall. In cases where a specific recipe had 

been used, and the recipe was available from a website, the participants described the name of 

the website and recipe, for the master student to search online. Potential recipes identified in 

the online search were then described to the participants to confirm that the correct recipe was 

identified. The participants were also asked if they had made any changes to the recipe in 

quantity or type of ingredients. 

 

Secondly, clarifying or probing questions about quantity was asked. For example; “Compared 

to the whole …, how big was the part you ate?”, “How many … do you think your portion 

contained?”, “How many decilitres do you think that glass/bowl contained?” and “What do 

you think … would equal in table spoons/tea spoons?”. The descriptions of quantity given by 

the participants included amount in decilitres (dl), table spoons, tea spoons, cups, glasses, 

bowls or plates. Also, the size of glasses, bowls and plates in addition to size and share of 

whole product, portion or recipe, number pieces/products, intake in cm of product, and in 

some cases quantity in grams were described by the participants.  

 

If not specified by the participants during the initial recount of intake, questions about type or 

brand, whether the food was organic, cooking method, content of fat, sugar or wholemeal was 

asked. These included; “Do you know the content of wholemeal in the bread?”; “How many 

quarters on the package label “brødskalaen” indicating wholemeal content were red or 

black?”, Do you remember the name and brand of this meat-substitute?”, “Do you know the 

percentage of sugar in that jam/marmalade?”, “Do you remember the name and brand of the 

cereal/vegetable mix?” “Was this amount of rice/pasta in raw or cooked quantity?”, “Did you 

prepare the vegetables in any way? By boiling, damping, frying, woking?”and “Do you know 

the percentage of fat in that cream?” 
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During the final stages of the interview, questions aimed at helping participants remember 

additional intake were asked. In example; “Did you have anything to drink with that meal?” 

Did you eat any snacks or sweets during the day?” “Can you remember eating or drinking 

anything before or after you…?”, “Did you use any cooking fats or oils?” and “Did you add 

any sugar/salt/spices in dish?” Finally, all participants were asked if they had used any 

supplements the last 24 hours. If this was the case, they were asked to recount brand and 

dosage if possible. Those who could not remember the product name, were asked to describe 

the container and packaging to enable identification of the product. Based on these 

descriptions, online searches for the product were conducted during the interview, and 

potential supplements were described to the participants for verification.    

 

4.3.2 Data entry, recording and registration 

4.3.2.1 Dietary intake-food identification 

The information on dietary intake obtained in the 24-hour recalls was registered in an excel 

spread sheet. Each participant’s intake of food or beverages reported in the interview was 

registered with the participants identification number, and each food or beverage were 

registered in a separate row. All food or beverage were also assigned a food identification 

number (food code). For most items the food code were retrieved from The Norwegian Food 

Composition Table (FCT), representing the most compatible product registered in this 

database (Norwegian Food Safety Authority, 2020). Food coding was performed 

systematically, and “rules” of coding were established for all foods that were described 

insufficiently or ambiguously i.e., bread was coded as “mellomgrov kneip” (25-50% 

wholemeal) in all cases where the participant could not recall which type of bread they had 

eaten. When possible, the chosen code included how the food was prepared or cooked. For 

example, a food code for cooked carrots were used in registration of carrots in soups or 

casseroles. In cases where no comparable food or beverage was found in FCT, the Swedish 

Food Composition Database (Livsmedelsdatabasen) (Swedish National Food Agency, 2020) 

or the Dutch Food Composition Database (NEVO) (Dutch National Institute for Public Health 

and the Environment, 2019), were searched for suitable matches. These databases were 

chosen as most of the reported products missing from FCT were plant-based replacement 

products, and Sweden and Netherlands are known to have a wider collection of these products 

on the market (Enjoli, 2021 
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; Hälsans kök, 2021; Oatly, 2021; Vivera, 2021). Moreover, some products reported, were of 

well-known Swedish or Dutch brands (Hälsans kök, 2021; Oatly, 2021; Vivera, 2021), 

making it more likely that they were registered in Livsmedelsdatabasen. In addition, both 

databases were easy to access through free of charge downloading (Swedish National Food 

Agency, 2020) or online (Dutch National Institute for Public Health and the Environment, 

2019) versions. In cases where no suitable match was not found in either of the three 

databases, nutrient content was registered from the package information, or from the 

producer’s own websites. This applied to all dietary supplements and some foods and 

beverages. 

 

A separate spread sheet designed to mimic the FCT was generated to register nutrient content 

of all foods and beverages that were not found in the FCT. A food code in the same format as 

the food codes in the FCT was generated for each product. The available information on 

nutrient content obtained from the two international databases, producer’s websites or product 

package, were registered in gram, milligram or microgram per 100 grams produce for all 

foods. However, the nutrient content of supplements was registered per unit, i.e., 

tablet/capsule/pill as information on dosage was usually given in units as opposed to in grams. 

 

4.3.2.2 Dietary intake-conversion into grams                                                               

The quantity of consumed foods and beverages was converted into grams based on the 

description given by the participants before registration in the excel spread sheet (intake file). 

In cases where the participant described quantity as share of a product, but did not know the 

total weight, amount or size of the whole product, this information was obtained from 

producer’s website, online stores or the package of a physical product. Information about the 

total weight of the product were used to calculate weight of intake i.e., the weight of two 

sausages from a packet of five with total weight of 600 g was calculated as (600/5) x 2. The 

online diet-tool, “Kostholdsplanleggeren” (Norwegian Directorate of Health and the 

Norwegian Food Safety Authority, 2020), and the document “Weights, measures and portion 

sizes for foods” (2015) was used to standardize calculation of quantity into grams. If no such 

information was available, the foods were weighed by the master student for an approximate 

calculation. The mean of two weightings were used for each product. Whenever the quantity 

of products was described in another measure than in “Kostholdsplanleggeren” or “Weights, 

measures and portion sizes for foods” the following conversions were applied: 1 dl = 7 

tablespoons, 1 table spoon = 3 tea spoons. Supplements was registered as 100 g per unit; 
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tablet, capsule, pill. Thus, registered intake of 100 g supplement would equal nutrient content 

of one tablet, capsule or pill. Accordingly, intake of i.e., two tablets, capsules or pills was 

registered as 200 g. 

 

4.3.2.3 Dietary intake-standardized recipes 

Standardized recipes were developed for bakery, dishes, mixes of nuts, granola, salads and 

etc. and used to calculate approximate intake in cases where participants could not give a 

detailed account of all the ingredients and their quantity (appendix). This applied to most of 

the take-away or restaurant dishes as well as the vegetarian or vegan versions of foods or 

dishes traditionally made with dairy or meat, i.e., pizza, kebab, sushi, spring rolls, cakes, 

waffles, cinnamon buns. The quantities of the ingredients in the standard recipes were divided 

or multiplied according to the total quantity of the dish or food the participant reported to 

have consumed. 

 

4.3.2.4 Dietary intake of meat and dairy substitutes 

Each participant’s intake of meat and dairy substitutes reported in the 24-hour recall, was 

pulled from the raw data by food codes using functions in Microsoft Excel. The substitutes 

were categorized into the following subtypes of product. Meat substitutes; “burgers”, 

“sausages”, “mince and balls”, “nuggets and schnitzel”, “cold cuts and spreads” and “other” 

and dairy substitutes; “milk”, “cheese”, “yoghurt”, “cream and crème fraiche” and “ice 

cream”. The category “others” contained various meat substitutes products intended to replace 

filets, salad meats, among others. These products were combined in a single category because 

there were either too few products in each subcategory, or identification of a specific category 

was difficult. All information about the raw material of the substitute products were primarily 

obtained from the manufacturer’s website. In cases of insufficient information about 

ingredients on the manufacturer’s website, information was obtained from an online grocery 

store which offered the product for sale. 

 

4.3.3 Estimation of nutrient intake from 24-hour recalls 

The program “FoodCalc” was used to calculate intake of nutrients per person and per food 

group (Lauritsen, 2019). This program combines nutrient content data from food composition 

tables with data on the quantity of foods consumed, usually an “intake-file” to calculate 

dietary intake of nutrients. In this study, the total dietary intake of nutrients and the intake of 
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nutrients from supplements alone, were calculated for each person. Six micronutrients of 

concern were selected for further examination in cut point analysis. In addition, the 

contribution of different food groups to the intake of the seven selected micronutrients 

(vitamin D, vitamin B12, calcium, iron, zinc, selenium and iodine) was assessed. Intake of 

nutrients was calculated per food group for 36 different groups. Food groups were decided 

partly based on classification in the FCT, but most were divided further into subgroups. 

Additional categories of different meat and dairy substitutes and foods frequently consumed 

in a plant-based diet were also included. The food groups are presented in table 3.    

 

Table 3    Food groups used in calculation of nutrients  

 

1 Milk and dairy 10 Vegetables* 19 Juice and smoothies* 28 Meat substitutes* 

2 Egg 11 Leafy, green vegetables 

and kales* 

20 Other beverages* 29 Various vegetarian*  

3 Fish and seafood 12 Root vegetables* 21 Energy drinks* 30 Seaweed products* 

4 Oils, fats, butter 13 Fruits and berries* 22 Alcohol* 31 Tofu* 

5 Whole grains*  14 Legumes and pulses* 23 Salty snacks* 32 Yeast 

6 Grains* 15 Sweet spreads and 

jams* 

24 Various foods 33 Salt, stock, soy sauce*  

7 Sweet baked 

goods* 

16 Sweet beverages* 25 Plant-based milk 

substitutes* 

34 Protein powder 

8 Nuts and seeds* 17 Desserts/puddings* 26 Dairy substitutes* 35 Supplements  

9 Potatoes  18 Sweets and chocolates* 27 Dairy substitutes, 

sweet* 

36 Spices* 

* Subgroups of food groups in the FCT  

 

4.3.4 Control of error in registration 

Preliminary descriptive analysis in SPSS was conducted on the FoodCalc file to check for 

errors in registration. Extreme values and outliers were examined for all nutrients, and 

checked against the excel spread sheet and the written record from interviews. Because 

several mistakes were uncovered, a full review of the written records from interviews and the 

spread sheet was conducted, before re-running the FoodCalc. The procedure was repeated 

several times, until no more mistakes could be found by examining outliers and extreme 

values. 

 

4.3.5 Reference values for assessment of dietary intake 

In this master, the assessment of adequacy of dietary intake was based on average 

requirements (AR) from the NNR for adults (table 4) (NNR, 2012), and calculated using the  

cut-point method for six of the seven selected micronutrients (Gibson, 2005, pp. 2017-2018). 

This method uses the AR as a level of adequacy (cut-point), and estimates the prevalence of 
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adequate and inadequate intake by counting the number of individuals with intake above and 

below the AR respectively. However, the test was only conducted on micronutrients, which 

met the assumption of equal distribution of requirements around the AR.  

 

Table 4    Recommendations for micronutrient intake, Nordic Nutrition Recommendations 2012 

      

Micronutrient Vitamin A (RAE) Vitamin D (μg) Vitamin E (α-TE) Thiamine (mg)  Riboflavin (mg) 

RI/d1 Women/Men* 700/900 10 8/10 1.1/1.4 1.3/1.7 

AR/d2 Women/Men* 500/600 7.5 5/6 0.9/1.2 1.1/1.4 

Micronutrient Niacin (NE) B6 (mg) Folate (μg) B12 (μg) Vitamin C (mg) 

RI/d1 Women/ Men* 15/18 1.2/1.5 300 (400)** 2 75 

AR/d2 Women/Men* 12/15 1.0/1.3 200 1.4 50/60 

Micronutrient Calcium (g) Phosphorus (mg) Magnesium (mg) Sodium (mg) Potassium (g) 

RI/d1 Women/Men* 800 600 280/350 2.43 3.5/3.5 

AR/d2 Women/Men* 500 450 - - - 

Micronutrient Iron (mg) Zinc (mg) Iodin (μg) Selenium (μg) Copper (mg) 

RI/d1 Women/Men* 15/9 7/9 150 50/60 0.9 

AR/d2 Women/Men* 10/7 5/6 100 30/35 0.7 

1 Recommended intake per day 
2 Average requirement per day 
3 Population goal 

* One value if the same level recommended for women and men 

** Women of reproductive age 

 

4.4 Statistical analyses 

Statistical analysis was conducted in IBM SPSS version 27. (IBM Corp., Armonk, Ny, USA). 

Normal distribution was tested by Shapiro-Wilks and visual examination of QQ plots and 

histograms. Variables with non-normally distributed data in at least one of the dietary groups, 

were presented in median and Inter Quartile Range (IQR). Chi-Square test was used for 

categorical data and Kruskal-Wallis test with pairwise comparisons was for non-normally 

distributed continuous data. A significance level of 0.05 was used for all tests. Binary logistic 

regression was performed to examine the association of seven independent variables (gender, 

age, diet, duration, health motivation, animal welfare motivation, climate motivation) and 

intake of meat substitutes and dairy substitutes respectively. The independent variables to be 

tested were selected based on theory (Bohrer, 2019; Gehring et al., 2020; Haas, Schnepps, 

Pichler, & Meixner, 2019; Ismail et al., 2020; Silva et al., 2020). Dummy variables were 

created for all categorical variables with more than two categories. First, univariate analysis 

was performed. Then an adjusted analysis where only variables significantly associated with 

the outcome based on backwards selection of variables was performed. Tables and figures 
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were produced using IBM SPSS version 27 and Excel, Microsoft Office Home and Student 

2016.  

 

4.5 Ethical considerations 

The first part of the study was approved by the Regional Committees for Medical and Health 

Research Ethics, 2019/653/REC South East and the Norwegian Centre for Research 

Data/NSD/101332 (Appendix 3). In addition, we applied for ethical approval to conduct the 

second part of the study (Appendix 4). Written consent was obtained from all participants at 

initial recruitment and prior to study start (Appendix 1) (Groufh-Jacobsen et al., 2020). The 

participants were informed about the purpose of the study and their right to withdraw at any 

time. Further, the participants were informed about how personal data would be treated and 

stored, and that only researchers and master students involved in the study would be allowed 

access. The participants could optionally fill in contact information in the consent form if they 

agreed to answer further questions (Appendix 1). All personal and sensitive data was stored 

on an encrypted memory stick, and only the master student knew the password.  
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5.0 Results 

5.1 Participants  

Background characteristics are presented in table 5. A total of 158 participants, of which 117 

(74.1%) women and 41 (25.9%) men, were included in the study. More than half (52.5%) of 

the participants were classified as vegans, nearly one third (29.7%) as vegetarians and less 

than one fifth (17.7%) as pescatarians. Women were overrepresented in all dietary groups, 

and the average age at the time of recruitment was 27 years. Almost all participants (96.9%) 

reported Norway as country of birth or having lived in Norway for at least 10 years. About 

one third of the participants were students and almost two thirds in current employment, only 

a small percentage (3.8%) reported work status as unemployed. The majority of the 

participants (83.2%) reported educational level as ≥1-4 years college/university. The median 

duration of dietary practice was 4 years and most participants (92,1%) reported to be informed 

about how to compose a nutritionally adequate plant-based diet. Motivations for eating plant-

based reported by participants were animal welfare (84.8%) climate change (72.8%) and 

health (52.5%). Most participants (71.5%) were defined as being normal weight, and there 

was little variation between dietary groups. Overweight was present in 24.7% of the total 

sample, and the highest percentage (29.8%) was seen in vegetarians. Participants defined as 

underweight, accounted for 3.8%. Finally, 8.9% of the participants reported smoking. 
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Table 5     Background characteristics of   vegans (n=83), vegetarians n=47) and pescatarians (n=28). 

 

Background  Total Vegans Vegetarians Pescatarians p -value1 

  n (%) n (%) n  (%) n  (%)  

Participants   158 (100) 83 (52.5) 47 (29.7) 28 (17.7)   

Gender Female 117 (74.1) 54 (65.1) 37 (78.7) 26 (92.9) 0.01 

 Male 41 (25.9) 29 (34.9) 10 (21.3) 2 (7.1)  

Age*   27 (24-33) 28.00 (24-35) 28 (24-33) 27 (22-30) 0.27 

BMI (kg/m2) <18.50 6 (3.8) 2 (2.4) 3 (6.4) 1 (3.6) 0.57 

 18.50-24.99 113 (71.5) 61 (73.5) 30 (63.8) 22 (78.6)  

 ≥25.00 39 (24.7) 20 (24.1) 14 (29.8) 5 (17.9)  

Duration*    4 (2-7) 3 (2-5) 4 (2-11) 5 (2-10) 0.19 

Marital status Single  79 (50.0) 37 (44.6) 25 (53.2) 17 (60.7) 0.29 

  Cohabitant/ Married  79 (50.0) 46 (55.4) 22 (46.8) 11 (39.3)   

Education level ≤12 years  28 (17.7) 15 (18.1) 9 (19.1) 4 (14.3) 0.86 

  
≥1-4 years college/ 

university 
130 (82.3) 68 (81.9) 38 (80.9) 24 (85.7)   

Work status Unemployed 6 (3.8) 4 (4.8) 1 (2.1) 1 (3.6) 0.86 

 Student 50 (31.6) 27 (32.5) 13 (27.7) 10 (35.7)  

  Employed 102 (64.6) 52 (62.7) 33 (70.2) 17 (60.7)   

Years in Norway  1-10 5 (3.2) 4 (4.8) 1 (2.1) 0 (0.0) 0.48 

 >10  31 (19.6) 13 (15.7) 12 (25.5) 6 (21.4)  

  Country of birth 122 (77.2) 66 (79.5) 34 (72.3) 22 (78.6)   

Smoking habits Yes 14 (8.9) 7 (8.4) 6 (12.8) 1 (3.6) 0.39 

  No 144 (91.1) 76 (91.6) 41 (87.2) 27 (96.4)   

Nutritional 
knowledge 2 Yes 139 (92.1) 77 (96.3) 38 (84.4) 24 (92.3) 0.06 

  No/do not know 12 (7.9) 3 (3.75) 7 (15.6) 2 (7.7)   

Motivation23 Climate 115 (72.8) 62 (74.7) 33 (70.2 20 (71.4)  

 Health  83 (52.5) 46 (55.4) 21 (44.7) 16 (57.1)  

  Animal Welfare 134 (84.8) 74 (89.2) 41 (87.2) 19 (67.9)   

*Median (IQR), age and duration of dietary practice 
1 p-values for Chi-Square test for categorical data, and Kruskal-Wallis for continuous data 
a-b Dietary groups with the same superscripts, have proportions that differ significantly in the post hoc test (p<0.05) 
2 The question was included in the questionnaire after pilot testing; therefore, information is missing for 7 participants 
3 It was possible to choose more than one option; the total therefore exceeds 100%   

 

5.2 Dietary intake of macronutrients and micronutrients (objective 1) 

5.2.1 Macronutrients   

Table 6 presents the median (IQR) intake of macronutrients in absolute values (g) and in 

relative energy percentage (E%). Neither energy or fat intake differed significantly between 

dietary groups, and all groups had median energy percentages from fat within the 

recommendation of 25-40 E%. Median E% from saturated fatty acids (SFA) was 6 E% (IQR= 
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4-9), 10 E% (IQR= 6-15) and 10 E% (IQR= 5-14) in vegans, vegetarians and pescatarians 

respectively (p<0.01). Vegans had significantly lower intake of SFA than both vegetarians 

(p<0.01) and pescatarians (p<0.01), and similar trends were seen in absolute intake of SFA 

(g). Only vegans were found to have median SFA E% that complied with the 

recommendations of <10 E%. No significant differences were detected between groups when 

comparing absolute intake or E% from monounsaturated fatty acid (MUFA). The median 

MUFA E% was within the recommended range of 10-20 E% in all dietary groups, but 

percentages were in the lower end. Although absolute polyunsaturated fatty acid (PUFA) 

intake did not differ significantly between dietary groups, the relative median intake of PUFA 

reported by vegans which was 8 E% (IQR= 6-10), was significantly higher than the median 

reported by vegetarians (6%, IQR= 5-8; p=0.01). However, the median PUFA E% was within 

the recommended 5-10 E% in all groups. The relative intake of omega-3 was 1.2 E% (IQR= 

0.7-1.8) in pescatarians, 0.5 E% (IQR= 0.4-1.0) in vegetarians and 0.7 E% (IQR= 0.5-1.2) in 

vegans. Compared with pescatarians the E% was lower in both vegetarians (p<0.01) and 

vegans (p=0.01), and pescatarians were the only group within recommendations of ≥1 E% of 

omega-3. 

 

Pescatarians also reported a significantly higher relative protein intake than both vegans 

(p=0.03) and vegetarians (p=0.02). However, all dietary groups were within the recommended 

range of 10-20 E%, as the median E% from protein was 13 E% (IQR= 11-15), 13 E% (IQR= 

10-15) and 15 E% (IQR= 13-17) in vegans, vegetarians and pescatarians respectively. Neither 

absolute (p=0.27) or relative carbohydrate intake (p=0.13) differed between groups, and the 

relative intake was within the recommendations of 45-60 E%. Although the absolute intake of 

added sugar did not differ significantly between groups, it accounted for a significantly higher 

E% in vegetarians than in both vegans (p=0.01) and pescatarians (p=0.04). However, the 

relative median intake of added sugar, which equalled 2 E% in both vegans (IQR= 0-5) and 

pescatarians (IQR= 1-5), and 4 E% (IQR= 1-8) in vegetarians, were well below the 

recommendations of <10 E% from added sugar in all groups. The median intake of dietary 

fibre was 5.2 g/MJ (IQR= 4.1-6.0) in vegans, 3.8 g/MJ (IQR= 2.8-4.7) in vegetarians and 4.2 

g/MJ (IQR= 2.7-5.1) in pescatarians, and thereby above the recommendations of 3 g/MJ in all 

groups. Vegans reported significantly higher intake compared with both vegetarians (p<0.01) 

and pescatarians (p<0.01). No significant differences were found in salt intake, but only 

pescatarians reported median salt intake above the recommendations of ≤6 g. 
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Table 6     Total dietary intake of macronutrients (g and E%) in vegans, vegetarians and pescatarians, and recommended daily 

intake (RI) according to NNR 2012 

 

 Total (n=158) Vegans (n= 83) Vegetarians (n= 47) Pescatarians (n=28) P-value1 NNR 

  median (IQR) median (IQR) median (IQR) median (IQR)   RI E% 

Kilocalories 2052 
(1546-

2516) 
2076 

(1521-

2683) 
2056 

(1588-

2467) 
1910 

(1490-

2389) 
0.76 - 

Fat (g) 72 (50-100) 71 (50-99) 71 (50-110) 79 (47-99) 0.94 - 

SFA (g)* 17 (11-28) 15ab (9-20) 20a (12-39) 22b (10-34) <0.01 - 

TFA (g)* 0 (0-0) 0ab (0-0) 0a (0-1) 0b (0-1) <0.01 - 

MUFA (g)* 25 (16-37) 25 (16-37) 25 (15-39) 27 (19-40) 0.77 - 

PUFA (g)* 16 (11-26) 17 (12-29) 13a (10-24) 15 (10-21) 0.10 - 

Omega-3 (g) 1.6 (1.0-3.0) 1.6a (1.1-3.0) 1.3b (0.7-2.4) 2.3ab (1.4-4.4) 0.01 - 

Protein (g) 63 (50-85) 63 (51-86) 63 (48-80) 64 (55-88) 0.48 - 

Carbohydrate (g) 235 (191-304) 238 (191-306) 237 (192-315) 214 (178-263) 0.27 - 

Added sugar (g) 11 (3-34) 9 (1-25) 23 (4-39) 10 (3-25) 0.05 - 

Dietary fibre (g) 37 (27-49) 40ab (32-56) 30a (24-43) 32b (22-44) <0.01 - 

Salt (g) 5.8 (3.5-8.7) 6.0 (3.6-9.9) 5.2 (3.4-8.1) 7.0 (3.4-8.4) 0.51 ≤6 

Alcohol g 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.80 < 5 

Fat (E%) 33 (26-39) 31 (25-38) 35 (27-40) 33 (26-44) 0.29 25-40 

SFA (E%)* 8 (5-11) 6ab (4-9) 10a (6-15) 10a (5-14) <0.01 <10 

TFA (E%)* 0 (0-0) 0ab (0-0) 0a (0-0) 0b (0-0) <0.01 ** 

MUFA (E%)* 11 (8-15) 11 (8-15) 12 (9-14) 12 (9-16) 0.34 10-20 

PUFA (E%)* 7 (5-10) 8a (6-10) 6a (5-8) 7 (5-9) 0.03 5-10 

Omega-3 (E%) 0.7 (0.5-1.2) 0.7b (0.5-1.2) 0.5a (0.4-1.0) 1.2ab (0.7-1.8) <0.01 ≥1 

Protein (E%) 14 (11-15) 13b (11-15) 13a (10-15) 15ab (13-17) 0.05 10-20 

Carbohydrate (E%) 50 (43-55) 51 (44-56) 50 (41-56) 47 (39-51) 0.13 45-60 

Added sugar (E%) 2 (1-6) 2a (0-5) 4ab (1-8) 2b (1-5) 0.03 <10 

Dietary fibre 
(g/MJ) 

4.4 (3.5-5.7) 5.2ab (4.1-6.0) 3.8a (2.8-4.7) 4.2b (2.7-5.1) <0.01 >3 

1 P-value for difference between different dietary groups, Kruskal Wallis Test 
ab Dietary groups with the same superscripts differed significantly in the post hoc test (p<0.05)  

 

*     
 

* SFA – saturated fatty acids; TFA- trans fatty acids; MUFA – monosaturated fatty acids; PUFA – polyunsaturated fatty acids 

** As low as possible 

 

5.2.2 Micronutrients 

Table 7 presents the intake of micronutrients in the sample. Overall, the median intake was 

equal to or above the AR for most micronutrients in all dietary groups, with the few following 

exceptions. Vegans reported median intake of vitamin A below the AR (women and men), 

and vegetarians reported median intake of vitamin D and iodine below the AR. Furthermore, 

the vegetarians had median intake of vitamin A, niacin and selenium below the AR estimated 

for men, though within the AR estimated for women. In all dietary groups, the 25th percentile 

for intake was equal to, or above, the AR for the following micronutrients; vitamin E, 

thiamine, folate, calcium, zinc, copper and phosphorus.  
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No significant differences in median (IQR) intake between groups were found for the 

following micronutrients, vitamins A and D, folate, calcium, magnesium, zinc, phosphorus or 

iodine. Significant differences in intake were observed between vegans and vegetarians for 

ten micronutrients. Vegans reported significantly higher median (IQR) intake than vegetarians 

of all the B vitamins (all p<0.01) except folate, and for vitamin E, vitamin C, iron, potassium, 

and copper (all p=0.01). The median (IQR) intake of B6, was significantly higher in vegans 

also when compared to pescatarians (p<0.01). Pescatarians however, reported a significantly 

higher median intake of selenium than both vegans (p=0.02) and vegetarians (p=0.01).  

 

Table 7     Total dietary intake of micronutrients in vegans, vegetarians and pescatarians (n=158) and the daily average 

requirement (AR) based on NNR 2012. 
       

 Total (n=158) Vegans (n= 83) Vegetarians (n= 47) Pescatarians (n=28) P-value1 NNR 

  median (IQR) median (IQR) median (IQR) median (IQR)  AR/d2 

Vitamin A RAE 528 (278-862) 489 (267-897) 509 (254-652) 627 (406-906) 0.27 500/600 

Vitamin D (μg) 10 (2-25) 16 (2-27) 5 (2-16) 10 (2-26) 0.10 7.5 

Vitamin E (α-TE) 18 (13-27) 21a (14-30) 16a (12-21) 19 (13-24) 0.02 5/6 

Thiamine (mg) 2.0 (1.2-2.9) 2.4a (1.5-3.2) 1.5a (1.2-2.4) 1.9 (1.3-2.3) 0.01 0.9/1.2 

Riboflavin (mg) 2.0 (1.1-2.9) 2.2a (1.5-3.1) 1.4a (0.8-2.2) 2.0 (1.4-2.8) 0.01 1.1/1.4 

Niacin (NE) 20 (13-29) 23a (15-31) 14a (10-21) 19 (13-25) <0.01 12/15 

B6 (mg) 2.5 (1.4-3.5) 3.0ab (2.1-4.0) 1.8a (1.0-3.0) 2.0b (1.5-2.8) <0.01 1.0/1.3 

Folate (μg) 470 (307-685) 520 (365-753) 396 (263-607) 450 (289-663) 0.06 200 

B12 (μg) 5 (2-15) 10a (2-26) 2a (1-7) 5 (2-9) <0.01 2 

Vitamin C (mg) 157 (87-257) 195a (110-319) 128a (48-196) 143 (91-251) 0.01 50/60 

Calcium (mg) 748 
(525-
1090) 

744 
(511-
1022) 

724 
(521-
1066) 

871 
(654-
1195) 

0.31 500 

Iron (mg) 17 (10-29) 20a (12-31) 12a (8-24) 17 (10-31) 0.01 10/7 

Potassium (g) 3.7 (2.5-4.7) 3.8a (2.8-5.1) 3.2a (2.1-4.1) 3.9 (3.0-4.7) 0.03 - 

Magnesium (mg) 428 (325-603) 477 (340-685) 418 (313-541) 392 (328-575) 0.27 - 

Zinc (mg) 11 (8-17) 13 (8-18) 8 (7-13) 12 (8-17) 0.08 5/6 

Selenium (μg) 38 (17-79) 38b (16-80) 32a (16-57) 54ab (33-99) 0.03 30/35 

Copper (mg) 1.9 (1.4-2.7) 2.2a (1.4-3.0) 1.6a (1.2-2.5) 1.8 (1.3-2.4) 0.03 0.7 

Phosphorus (mg) 1381 
(962-

1729) 
1366 

(929-

1742) 
1313 

(923-

1623) 
1445 

(1190-

1858) 
0.20 450 

Iodine (μg) 130 (42-196) 157 (37-195) 93 (33-188) 146 (81-200) 0.23 100 

1P-value for Kruskal-Wallis Test, difference between dietary groups  

ab Dietary groups with the same superscripts differed significantly in the post hoc test (p<0.05) 

2 Average requirements, estimated value that meets the need of 50 percent of the population (AR women/AR men). One value 

if the same level is recommended for women and men 

 

5.3 Average requirement of selected micronutrients (objective 2) 

The number of participants meeting the average requirement (AR) for dietary intake of 

selected micronutrients is presented in table 8. The overall highest percentage of participants 

meeting the AR was found for zinc (93 %), and the lowest for iodine (55 %), vitamin D (57 
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%) and selenium (58 %). Chi-Square Test for differences between dietary groups was 

significant for two micronutrients; vitamin D (p=0.02) and selenium (p=0.01). Pairwise 

comparisons found the percentage of participants meeting the AR for vitamin D to differ 

significantly only between vegans (66 %) and vegetarians (40 %) (p<0.05). For selenium, 

pescatarians had a significantly higher percentage of participants meeting the AR (82 %) than 

both vegans (53 %) and vegetarians (51 %). Chi-Square for vitamin B12 was borderline 

significant (p=0.051), and pairwise comparisons found the percentage of pescatarians meeting 

the AR (93 %) to be significantly higher than the percentage of vegetarians meeting the AR 

(70 %) (p<0.05). The most consistently high percentages of participants meeting the AR 

across groups were seen for zinc, ranging from 91 % of the vegetarians to 96 % of the 

pescatarians. A similar consistence was found in calcium, ranging from 77 % of the 

vegetarians to 86 % of the pescatarians. For iodine, 68 % of the pescatarians and 

approximately half of the vegans (55 %) and vegetarians (47 %) met the AR.  

 

 

5.4 Contribution from different food groups to the intake of selected micronutrients 

(objective 3) 

5.4.1 Vitamin D 

The major source of vitamin D (90 %) in the diet were supplements (figure 2), and only 10 % 

came from food. The largest non-supplement source of vitamin D was plant-based milk which 

accounted for 3 % of the intake. Oils and fats contributed to 2 %, fish and seafood to 1 % and 

minor sources to 4 % of the vitamin D intake. 

 

Table 8     Vegans, vegetarians and pescatarians (n=158) meeting average requirement (AR) of selected micronutrients: 

vitamin D, B12, calcium, zinc, selenium and iodine 

      

 Total (n=158) Vegans (n=83) Vegetarians (n=47) Pescatarians (n=28) P-value3 

  n % n % n % n %   

Vitamin D 90 57 55a 66  19a 40  16 57  0.02 

Vitamin B12 127 80  68 82  33b 70 26a 93  0.05 

Calcium 125 79  65 78  36 77  24 86  0.62 

Zinc2 147 93  77 93  43 91  27 96  0.71 

Selenium2 91 58  44 53a 24 51b 23 82ab 0.01 

Iodine 87 55  46 55  22 47  19 68 0.21 

1Intake meeting average requirement based on NNR 

2Different cut-off values in women and men according to the average requirement. 
3P-value for Chi-Square Test, difference between dietary groups 
ab Dietary groups with the same superscripts differ significantly proportions in the post hoc test (p<0.05) 
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5.4.2 Vitamin B12 

Supplements accounted for almost the entire dietary intake of B12, (98 %) (figure 3). Only 2 

% of vitamin B12 came from food, of which the largest contributions were from “fish and 

seafood”, “milk and dairy”, “plant-based milks and plant-based cheese". 

 

  

Figure 2   Sources of vitamin D in the diet, Minor sources 

(13 food groups) 

Figure 3    Sources of vitamin B12 in the diet, Minor sources 

(22 food groups) 

 

5.4.3 Calcium 

The three largest sources of calcium in the diet were “milk and dairy” (16 %), “plant-based 

milks” (15 %) and “tofu” (13 %) (figure 4). In addition, “plant-based dairy”, “leafy and green 

vegetables” and wholemeal grains contributed to 15 % of the calcium in the diets, while 

supplements accounted for 5 %. “Vegetables”, “nuts and seeds”, fruits and berries” and 

“legumes and pulses” made up 16 % of the calcium, and the remaining 20 % were from 24 

minor sources.  

 

5.4.4 Iron 

The single major dietary source of iron was supplements (44 %) (figure 5), while “wholemeal 

grains” was the largest food source (14 %). “Nuts and seeds” accounted for 5 %, and 

“legumes, pulses”, “grains” and “vegetables” each contributed to 4 % of the iron, while 

“plant-based milks”, “fruits and berries” and “meat substitutes” contributed to 3 % each. The 

remaining 16 % came from 24 minor sources. 
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Figure 4 Sources of calcium in the diet, “Other” = 24 minor 

sources with contributions less than 3 % 

Figure 5    Sources of iron in the diet, “Other” = 24 minor 

sources with contributions less than 3 % 
  

 

5.4.5 Zinc 

The single largest source of zinc in the diet was supplements (29 %) (figure 6). The largest 

non-supplement sources were “wholemeal grains” (18 %), “grains” (8 %) and “legumes, 

pulses” (8 %). Additionally, “milk and dairy”, “legumes and pulses”, “vegetables”, “fruits and 

berries” and “plant-based milks” contributed to 19 % of the dietary zinc, while 22 minor 

sources combined accounted for 18 %.  

 

5.4.6 Selenium 

Supplements were also the single major source of dietary selenium (36 %) (figure 7). The 

largest food sources, including “legumes, pulses” (10 %), “wholemeal grains” (10 %), 

“grains” (8 %), “fish and seafood” (7 %) and “nuts and seeds” (6 %), which collectively 

contributed to 41 % of the selenium intake. Three smaller food sources, “Plant- based milks”, 

“milk and dairy” and “meat substitutes accounted for 11 % of the selenium intake, while 19 

minor sources made up the remaining 12 %. 
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Figure 6    Sources of zinc in the diet, “Other” = 22 minor 

sources with contributions less than 3 % 

Figure 7    Sources of selenium in the diet, “Other” = 19 

minor sources with contributions less than 3 % 

 

5.4.7 Iodine 

Supplements accounted for more than half of the dietary iodine intake (55 %) (figure 8). The 

largest food-based sources were “milk and dairy” (9 %) and “beverages, including coffees 

with milk” (8 %). Smaller food sources contributed to 14 % of the iodine, and these were 

“fish and seafood” (4 %), “fruits and berries” (3 %), “seaweed products” (3 %), “meat 

substitutes” (2 %) and “vegetables” (2 %). The remaining 14 % came from 24 minor food 

sources.  

 

  

 

 

 

 

 

 

 

 

Figure 8    Sources of iodine in the diet, “Other” = 24 minor 

sources with contributions less than 2 % 

 

 

5.4.8 Nutrient intake from supplements 

Supplements were one of the main sources of most of the selected micronutrients (figure 1-

2,4-7).  However, supplements were a source of several other micronutrients than those 
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presented in figures 1-7, and the median intake of all micronutrients from supplements are 

presented in table 9. Several 62 vegans (75 %), 28 vegetarians (60 %) and 17 pescatarians (61 

%) reported use of supplements, in total 107 participants (68 %). Overall vegans reported the 

highest median intake of micronutrients from supplements in comparison to the other dietary 

groups. Significant differences in intake from supplements between dietary groups were 

found for vitamin D (p=0.01), B6 (p=0.03), B12 (p<0.01) and calcium (p<0.01). Pairwise 

comparison showed the difference in supplement intake of vitamin D to be between vegans 

and vegetarians only (p<0.01), with the highest intake in vegans. Vegans also reported 

significantly higher intake of B6 from supplements than pescatarians (p=0.02). The intake of 

B12 from supplements was significantly higher in vegans than both vegetarians and 

pescatarians (both p<0.01). In addition, vegans reported slightly higher median intake of 

calcium from supplements than vegetarians and pescatarians (both p<0.01).  

 

Table 9     Intake of 15 selected micronutrients from supplements in vegans, vegetarians and pescatarians (n=107) 

 
 Total (n=107) Vegans (n=62) Vegetarians (n=28) Pescatarians(n=17) P-value1 

  median (IQR) median (IQR) median (IQR) median (IQR)   

Vitamin A (RAE)  0 (0-500) 224 (0-500) 0 (0-250) 0 (0-313) 0.10 

Vitamin D (μg) 20 (6-25) 20a (10-30) 10a (0-20) 10 (0-58) 0.01 

Thiamine (mg) 0.6 (0.0-1.1) 0.7 (0.0-1.1) 0.0 (0.0-1.3) 0.6 (0.0-1.4) 0.51 

Riboflavin (mg) 1.4 (0.0-1.6) 1.4 (0.5-1.6) 0.3 (0.0-1.6) 0.7 (0.0-1.6) 0.13 

Niacin (NE) 8 (0-16) 8 (0-16) 0 (0-16) 8 (0-19) 0.43 

B6 (mg) 1.4 (0.0-2.0) 1.4a (0.7-2.0) 1.1 (0.0-1.6) 0.7a (0.0-1.6) 0.03 

Folate (μg) 100 (0-400) 100 (0-200) 42 (0-350) 100 (0-400) 0.90 

B12 (μg) 9.0 (2.0-25.0) 10.0ab (9.0-50.0) 2.0a (0.0-21.3) 2.0b (0.0-7.0) 0.00 

Vitamin C (mg) 40 (0-80) 40 (0-80) 25 (0-80) 75 (0-85) 0.79 

Calcium (mg) 0 (0-100) 0ab (0-173) 0b (0-0) 0a (0-0) <0.01 

Iron (mg) 7 (0-15) 7 (0-15) 1 (0-15) 15 (0-39) 0.13 

Zinc (mg) 0 (0-10) 5 (0-10) 0 (0-10) 0 (0-12) 0.58 

Selenium (μg) 0 (0-60) 0 (0-60) 0 (0-60) 0 (0-58) 0.87 

Copper (mg) 0.0 (0.0-0.2) 0.0 (0-0) 0.0 (0.0-0.2) 0.0 (0.0-0.9) 0.64 

Iodin (μg) 150 (0-150) 150 (70-150) 113 (0-150) 75 (0-150) 0.09 

1P-value for Kruskal-Wallis Test, difference between dietary groups   

a-b Dietary groups with the same superscripts, have proportions that differ significantly in the post hoc test (p<0.05) 

 

5.5 Intake of plant-based substitutes (objective 4) 

In total, 108 participants (68 %) reported intake of dairy substitutes and 69 participants (44 %) 

reported intake of meat substitutes in the 24HR. Approximately 1/3 of the participants had 

consumed both dairy and meat substitutes (33 %). Chi-Square was significant for difference 

in intake of “dairy substitutes” (p<0.01), and “meat and dairy substitutes” (p=0.02) between 
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the different dietary groups. Although, Chi-Square for intake of meat-substitutes was non-

significant, pairwise comparison found the percentage of participants reporting intake of meat 

substitutes to be significantly higher in vegans (52 %) than in pescatarians (29 %) (p<0.05). 

Similar differences between vegans and pescatarians were found in proportion of participants 

reporting intake of both meat and dairy substitutes (p<0.05). The proportion of vegans (81 %) 

that had reported intake of dairy substitutes was significantly higher than the percentage of 

both vegetarians (57 %) and pescatarians (50 %) (p<0.05). Figure 10 shows the percentage of 

participants within each dietary group that reported intake of meat and dairy substitutes. 

Across all dietary groups, the percentage of participants reporting consumption was higher for 

milk and dairy substitutes than for meat substitutes. 

 

 

Figure 10    Percentage of vegans, vegetarians and pescatarians (n=158) reporting intake of meat substitutes and dairy 

substitutes reported in the 24HR 

 

Figures 11 and 12 below present different categories of meat and dairy substitutes reported in 

the 24HRs. Some participants reported consumption of products in several different 

categories. The most frequently reported products were “cold cuts and spreads” (23 %) and 

“burger” (21%) in meat substitutes, and “milk” (53 %) and “cheese” (21 %) in dairy 

substitutes. Products in the three categories “mince/balls”, “nuggets/schnitzel” and “sausages” 

were reported in approximately similar frequency (14-16%). The least frequently reported 

meat substitutes were in the category “other” which consisted of a variety of products from 

smaller product categories (27 %), while “ice cream” (4 %) was the dairy substitute least 

reported.  
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Figure 11    Meat substitute categories reported in 24HR, 

based on the number of participants reporting intake of a 

substitute product in each category. “Other” includes 

various substitute products for chicken, beef and pork 

bites/filets, spreads and cold cuts. 

Figure 12    Dairy substitute categories reported in 24HR, 

based on the number of participants reporting intake of a 

substitute product in each category. “Cheese” includes 

hard cheeses and cream cheese 

 

5.6 Raw ingredients in plant-based substitutes (objective 5) 

Figure 13 presents the proportions within each category of plant-based meat substitute 

products according to main raw-ingredient and frequency of intake. In all, except one 

category, soy-based products were the most frequently reported, accounting for 44 % of the 

sausages, 56 % of the burgers, 54 % of the mince and balls, 64 % of the nuggets and 

schnitzels and 94 % of other products. In cold cuts and spreads, however, 50 % of the 

reported products were based on peas, as were 33 % of the burgers. The nuggets and 

schnitzels which were not soy-based were made from mixes of legumes and vegetables (36 

%), and legumes and vegetables were also the main ingredients in 25 % of the cold cuts and 

spreads. 
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Figure 13     Proportions within each category of meat substitute products reported in 24HR, according to raw  

ingredients and frequency of intake. 
 

In figure 14, the proportional intake of plant-based dairy substitutes within each category is 

presented, according raw ingredients in the products and frequency of reported use. Most of 

the reported plant-based dairy substitutes for milk, were based on oats (47 %) or soy (42 %) 

(figure 14). The majority of the yoghurts were soy-based (61 %), and the remaining products 

in this category were based on coconut milk (26 %) and oats (13 %). While the majority of 

creams and crème fraîche (67 %) were oat-based, 80 % of the cheese was based on modified 

starch. The percentages different raw materials in ice creams were relatively equally 

distributed, though oats and unspecified raw materials accounted for the largest proportions 

(each 22 %) of the reported intake.   
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Figure 14     Proportions within each category of dairy substitute products reported in 24HR, according to raw  

ingredients and frequency of intake.  

 

5.7 Predictors of plant-based substitutes in logistic regression (objective 6)  

Logistic regression analysis predicting intake of meat substitutes in vegetarians, vegans and 

pescatarians was performed.  As shown in table 10, only dietary practice, was a significant 

predictor in the adjusted model after backwards elimination. Compared to vegans (reference 

group) the pescatarians had a significantly lower odds of reporting intake of meat substitutes 

(OR 0.37, C.I 0.15-0.94, p=0.04).  

 

Table 10    Logistic regression predicting intake of meat substitutes in vegans, vegetarians and pescatarians (n=69). 

   

 Bivariate model Adjusted model1 

  OR 95% CI  P-value OR 95% CI  P-value 

Gender (female as reference) 1.16 0.57 2.37 0.69         

Age (years) 1.01 0.97 1.04 0.63         

Diet (vs vegan)          

Vegetarian 0.58 0.28 1.20 0.14 0.58 0.28 1.20 0.14 

Pescatarian 0.37 0.15 0.94 0.04 0.37 0.15 0.94 0.04 

Duration (years) 0.99 0.90 1.08 0.77      

Health motivation (vs.no) 2 1.60 0.83 3.08 0.16         

Animal welfare motivation (vs.no)2 0.83 0.30 2.29 0.72         

Climate motivation (vs. no)2 1.25 0.58 2.69 0.56         

1 Adjusted model created by backward elimination (starting with all variables tested in bivariate models), no variables were 

significantly associated with dairy substitute intake were kept in the model. 2Missing information in 7 participants 
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In the logistic regression analysis predicting intake of dairy substitutes, four predictors (age, 

dietary practice, health motivation and animal welfare motivation) made significant 

contributions in the adjusted analysis. The weakest predictor among these was age (OR 1.08, 

C.I 1.02-1.14, p=0.01), and the strongest was animal welfare motivation (OR 5.17, C.I. 1.43-

18,63), followed by health motivation (OR 3.47, C.I 1.52-7.94, p<0.01). The OR indicates 

that those reporting animal welfare as a motivation for their dietary practice had about 5 times 

greater odds of dairy substitute intake than those who did not report animal welfare as a 

motivation for dietary choice. The results also indicate that those reporting health as a 

motivation for their dietary practice had 3.5 times greater odds of dairy substitute intake, than 

those who did not. Dietary practice was also associated with intake of dairy substitutes, and 

OR of vegetarian diet (OR 0.32, C.I 0.13-0.78, p=0.01) indicates that the odds of dairy 

substitute intake was 68% lower in vegetarians than in vegans (the reference dietary group). 

Similarly, the odds of dairy substitute intake were 67 % lower in pescatarians than in vegans 

(OR 0.33, C.I 0.11-0.94, p=0.04).  

 

Table 11    Logistic regression predicting intake of dairy substitutes in vegans, vegetarians and pescatarians (n=108). 

 Bivariate model Adjusted model1 

  OR 95% CI  P-value OR 95% CI  P-value 

Gender (female as reference) 1.16 0.53 2.53 0.70         

Age (years) 1.06 1.01 1.11 0.01 1.08 1.02 1.14 0.01 

Dietary group (vs vegan)          

Vegetarian 0.32 0.15 0.71 0.01 0.32 0.13 0.78 0.01 

Pescatarian 0.24 0.10 0.60 0.00 0.33 0.11 0.94 0.04 

Duration (years) 0.96 0.88 1.06 0.45      

Health motivation (vs.no) 2 2.89 1.41 5.92 0.00 3.47 1.52 7.94 0.00 

Animal welfare motivation (vs.no)2 2.95 1.06 8.22 0.04 5.17 1.43 18.63 0.01 

Climate motivation (vs. no)2 1.40 0.64 3.10 0.40         

1 Adjusted model created by backward elimination (starting with all variables tested in bivariate models), variables 

significantly associated with dairy substitute intake were kept in the model. 2Missing information in 7 participants 
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6.0 Discussion 

6.1 Discussion of methods 

6.1.1 Study design 

In cross sectional studies, data are collected at a given point in time, providing a “snap-shot” 

of the case or population in question (Veierød & Thelle, 2007). This study design is therefore 

well suited for prevalence and descriptive studies, though unsuitable for investigating cause 

and effect. As the main objective of this study was to map and assess dietary intake, and not 

to draw conclusions about causation, a cross sectional study design was considered 

appropriate.  

 

6.1.2 Sampling/study participants 

6.1.2.1 Sampling methods 

Conventional convenience sampling (Etikan et al., 2016), was used to recruit participants, 

continued by snowball sampling (Bowling, 2014, pp. 209-210; Shorten & Moorley, 2014).  

There were several arguments for using convenience sampling (Etikan et al., 2016). Firstly, 

the biological tests could only be performed during a predetermined time frame when the 

bioengineer was available. As convenience sampling is an efficient recruitment method, it 

allowed large number of participants to be recruited in time for the study start. Secondly, for 

reasons of feasibility, participants living too far from Oslo/Kjeller to meet in person for 

biological tests, could not be included in the study. Convenience sampling enabled the 

recruitment strategy to target individuals living in close proximity to Oslo/Kjeller. In addition, 

the number of vegans, vegetarians and pescatarians in the overall population is small (Bugge 

& Alfnes, 2018), making the target population a hard-to-reach-group. Hence, snowball 

sampling appeared an appropriate method to meet the required number of participants needed 

for statistical power (Bowling, 2014, pp. 209-210; Shorten & Moorley, 2014).  

 

Both convenience sampling and snowball sampling are non-probability sampling methods, 

selecting participants in a non-random way. This means that individuals in the target 

population do not have equal opportunity to participate (Etikan et al., 2016). Consequently, 

the sample cannot be taken to represent all vegans, vegetarians and pescatarians in Norway, 

and findings are therefore not generalizable to the whole of this population. However, since 

there are no official records of people adhering to plant-based diets, random sampling would 

not have been possible, and the sampling methods chosen were considered the best option. 
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Nevertheless, non-probability sampling increases the risk of self-selection bias, which occurs 

when the individuals who volunteer possesses characteristics that differ systematically from 

the characteristics of those who do not volunteer (Gibson, 2005, pp. 10,14). In this study it is 

likely that most participants live in, or in close proximity to, Oslo. Potential participants from 

other parts of the country, are therefore not represented in the sample. However, as adhering 

to plant-based diets in Norway is likely to be more common among people living in Oslo than 

other parts of the country (NPHS, 2021), the sample may nevertheless, represent the majority 

of vegans, vegetarians and pescatarians in Norway. It is also possible that recruiting through 

social media and websites might have excluded those who do not use digital platforms 

regularly. As age is negatively associated with the use of social media (Khoros, 2018), 

participants of old age may be underrepresented in the sample. Another possible self-selection 

bias that could have influenced the sample, is if those who are more interested in living and 

eating healthily are also more interested in participating in health-and diet-related studies. If 

so, the study sample may be more knowledgeable about healthy eating and in consequence eat 

healthier than those who did not volunteer to participate. This self-selection bias may have 

influenced the sample since the recruitment processes relied on volunteering. Good 

knowledge about how to compose a nutritious plant-based diet was reported by 88 % of the 

participants, indicating that the self-selection bias mentioned above may have been present. 

This is also consistent with, 52.5 % of the sample naming health as a motivation for their 

current dietary practice.  

 

Higher education (≥ 1-4 years of college/university) was reported by 82.3 % of participants. 

The relatively high percentage may be due to the sampling methods, the use of the OsloMet 

website, and spreading the word through fellow students. In Norway, higher education is 

positively associated with eating healthier diets (Norwegian Ministries, 2017). Consequently, 

it can be argued that the diets in the sample are healthier than in the target population. 

However, studies have also suggested that higher education is positively associated with pant-

based eating (Hartmann & Siegrist, 2017). Therefore, the high percentage of people with ≥ 1-

4 years of college/university education in the sample could simply reflect the educational 

level in the target population. If so, it would strengthen the external validity, that is 

generalizability of the results to the vegan, vegetarian and pescatarian population in Norway. 
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6.1.2.2 Final sample 

The final sample in this study included 158 participants, of which 83 vegans, 47 vegetarians 

and 28 pescatarians. The sample included 74 % women, making the gender distribution 

unequal. Due to the non-probability sampling methods, it is not possible to know whether the 

percentage of women and men in the sample is representative of the gender distribution in the 

target population. The suggestion that women are more likely to both be interested in health, 

and to volunteer as participants in health-related studies, could indicate that the higher 

percentage of female participants was due to self-selection bias. However, it is also known 

that more women than men are eating plant-based, making it likely that the gender 

distribution in the sample could reflect the population of interest (Modlinska, Adamczyk, 

Maison, & Pisula, 2020; Ruby, 2012).  

 

6.1.3 Method of data collection – 24HR 

Assessing dietary intake is challenging due the complex nature of eating habits (Naska, 

Lagiou, & Lagiou, 2017). There is no single method that does not introduce some 

measurement error, and the methods of assessing dietary intake have different strengths and 

weaknesses (Gibson, 2005; Naska et al., 2017; Rutishauser, 2005; Shim, Oh, & Kim, 2014). 

Choosing the most appropriate method depends on the research question, the study population 

and the available resources at hand.  

 

One of the main arguments for choosing to use single 24HR in this study, was that the method 

imposes a lower burden on participants compared to the methods that require participants to 

record their dietary intake (Gibson, 2005, p. 43). 24HR is also suitable for data collection over 

the phone, which was considered likely to further improve participant convenience. Another 

reason was that 24HR generally has a higher response rate than the prospective methods, such 

as estimated or weighed foods records, which is suggested to be due to the lower 

inconvenience (Gibson, 2005, p. 50; Rutishauser, 2005). Although not foreseen, the decision 

to conduct the interviews over the phone also proved fortunate when the social restrictions 

due to Covid-19 was imposed, as the data collection could continue without adjustments. A 

strength of 24HR is that it gives a detailed record of actual dietary intake on specific day. 

Since the participants were not informed in detail about the nature of the interview, they did 

not have the opportunity to alter their diet before the 24HR, which strengthens the internal 

validity. There are, however, some weaknesses to this method, and one main limitation is that 

24HR does not provide information on habitual intake (Rutishauser, 2005). This disadvantage 
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could partly be overcome by conducting a repeated 24HR, which would allow for statistical 

analysis to control for day-to-day variation. The validity of repeated 24HR studies have been 

questioned as studies have shown greater underreporting when the interview is repeated 

(Subar et al., 2003). Nevertheless, due to limited time and recourses, a repeated 24HR was not 

possible in this study. Another recommended method to validate 24HR, is to use an external 

variable, a “biomarker”, to measure nutritional status (Gibson, 2005, p. 161). In the paper on 

iodine (Groufh-Jacobsen et al., 2020), the dietary intake of iodine in the 24HR was validated. 

A strong association between urinary iodine concentration and iodine intake was found, 

demonstrating that the main iodine sources in the diet had been captured in the 24HR 

(Groufh-Jacobsen et al., 2020). However, 24HR is commonly used to assess and monitor 

dietary intake in larger groups, and can help identify subgroups at risk of inadequate nutrient 

intake (Naska et al., 2017). The method is also considered appropriate for comparison of diets 

between groups (Rutishauser, 2005). As the main aim of this study was to assess the dietary 

intake at group level, single 24HR was considered an appropriate method. 

 

6.3.1 Estimation of portion size 

One of the major sources of measurement errors in dietary assessments is incorrect estimation 

of portion sizes (Gibson, 2005, p. 113). During the actual recall, the error can arise if 

participants fail to identify or describe accurately the quantity of the food or beverage 

consumed. These descriptions can as discussed be influenced by different biases, but 

independent of bias, estimation of quantity and size may differ between individuals. One such 

example is the conception of the terms “average”, “medium”, “small” and “large” which is 

unlikely to be the same for all participants and the interviewer. A limitation of this study was 

therefore that no visual aids in form of photographs were used to establish mutual 

understanding of quantity. However, as previously described, clarifying questions were asked 

throughout the recalls, to help the participants visualize and describe the quantity of food in a 

way that would limit misconceptions between interviewer and participants. The detailed 

descriptions obtained could indicate that the method of questioning may have contributed to 

reduce errors in estimation of portion sizes. 

 

6.1.4 Coding errors 

The two factors influencing the calculation of nutrient intake are the food composition table 

and the registered quantity of each food. Accurate registration and coding of the dietary 
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recalls is therefore vital to limit both random and systematic errors (Gibson, 2005). Random 

errors weaken the precision, and thereby reliability of the method. Although efforts, 

previously described, were made to limit random errors in data registration, the possibility of 

random errors cannot be excluded. However, checking the FoodCalc results repeatedly 

against the Excel intake file and the food composition table, in addition to the systematic 

reviewing the Excel intake file and the written records of interviews, will have reduced the 

number of mistakes in registration and coding. 

 

6.1.4.1 Conversion of described quantities into grams 

Overall, the detail in the descriptions is likely to have reduced errors in conversion of 

described quantity into weight in grams. The use of the standardized estimations from 

“Kostholdsplanleggeren” (Norwegian Directorate of Health and the Norwegian Food Safety 

Authority, 2020) and “Weights, measures and portion sizes for foods” (Dalane et al., 2015), in 

addition to the use of a standard for conversion between household measures, is also likely to 

have limited measurement errors in coding. Another measure which might have reduced 

coding error in estimation of portion sizes and in assigning food codes was the development 

of standardized recipes. These allowed a standard for estimating and coding of foods and 

dishes in cases where the participant for different reasons, could not recount the ingredients in 

accurate detail. 

 

6.1.4.2 Food codes 

Another source of measurement error is poorly chosen food codes (Gibson, 2005, pp. 105, 

119-120). Choosing food codes that do not match the nutrient composition of the actual 

consumed foods, could lead to false results. The potential impact on the results may be 

considerable if wrongly coded foods are consumed in large quantities in the sample, or if 

there are large discrepancies in nutrient content between the food code and the actual 

consumed food. Thus, rigorous questioning about type of food, brand, cooking method, 

percentage of fat etc., was an important measure and is a strength of this study, as it might 

have limited errors in choosing food codes. Another strength, is that coding was performed 

systematically, to ensure that all foods were coded consistently, which can reduce gross errors 

(Anderson, 1986 in Gibson, 2005, p. 119). The use of additional food composition data from 

NEVO and Livsmedelsdatabasen allowed nutrients from a wider range of foods than those 

registered in the Norwegian FCT to be estimated. Although there might be different standards 



  49 

of enrichment in Sweden, Netherlands and Norway, which could bias the results, it was the 

preferred option. Though considered beyond the scope of this thesis, the validity and 

reliability of the food composition tables could also impact calculation of nutrients (Gibson, 

2005, p. 65).  

 

6.1.5 Validity and reliability 

The validity and reliability in quantitative research depend on the limitation of bias, and “no 

research method is without bias” (Bowling, 2014, p. 222). Nevertheless, the aim should 

always be to conduct research with rigor, to reduce the sources of potential bias and error, and 

thereby increase the validity and reliability. In this study, validity concerns whether the results 

reflect the true dietary intake in the sample (internal validity), and whether it reflects the true 

dietary intake in the vegan, vegetarian and pescatarian population in Norway (external 

validity) (Gibson, 2005, p. 11). Validity is vulnerable to systematic error and bias which alters 

the result in a consistent direction (Gibson, 2005, p. 14). Reliability refers to the 

reproducibility and consistency of measurement, and depends on the limitation of random 

errors (Gibson, 2005, pp. 11-12). Although reproducibility (reliability) is a prerequisite of 

validity, a dietary assessment method can be reproducible without being valid. Repeated 

measures of dietary intake in the same individual may give the same result, but the 

measurement does not necessarily reflect the individual’s true dietary intake. For example, 

systematically forgetting to ask about meals after dinner, or in between meal snacks, would 

give reproducible, but not valid, results. 

 

A potential limitation in this study, is that most interviews were conducted from Monday to 

Friday. Thus, dietary intake on Fridays and Saturdays are underrepresented. Because the 

dietary intake on these weekend days is likely to differ from that of the regular weekdays, this 

could introduce a systematic bias and be a potential threat to internal validity. However, a 

proportional number of interviews were conducted on Mondays, and consequently the data 

includes dietary intake on weekend days from Sundays. Although a different recruitment 

strategy could have resulted in more interviews on Friday and Saturday, this could also have 

compromised the response rate. Therefore, the decision was made to allow participants to 

freely choose time and day when scheduling the interviews. Because the interviews were 

conducted from the middle of January to the end of June, seasonal variation of the diet was 

included.  
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6.1.5.1 Recall bias  

The 24HR is a retrospective method, and data quality is therefore largely dependent on the 

participants ability to remember their previous food intake in accurate detail (Gibson, 2005; 

Naska et al., 2017). Participants failing to remember can introduce recall bias (Naska et al., 

2017). To limit this bias, probing questions were asked to help participants remember, as 

previously mentioned in the methodology chapter (4.1.1.2). In addition, participants were 

given time without interruption to think before answering. The short period of time between 

the food intake and the 24HR could also limit the memory bias compared with other recall 

methods (Gibson, 2005, p. 112). Nevertheless, it is not possible to assume that recall bias did 

not occurred.  

 

6.1.5.2 Respondent bias-underreporting 

Dietary assessment methods that rely on self-reporting food intake can be subjected to 

respondent bias, and among the most common in 24HR are underreporting, social desirability 

and social approval biases (Gibson, 2005, pp. 106-109). When underreporting, the participant 

intentionally or subconsciously reports a lower dietary intake than the actual intake. Several 

studies have found underreporting of energy intakes in 24HR (Johansson, Wikman, Åhrén, 

Hallmans, & Johansson, 2001; Poppitt, Swann, Black, & Prentice, 1998; Subar et al., 2003; 

Trabulsi & Schoeller, 2001), and BMI, gender and age are among the factors associated with 

this bias. Increased BMI has been associated with increased risk of underreporting (Novotny 

et al., 2003; Subar et al., 2003), and Johansson et al. (2001) found high BMI to be the main 

predictor of underreporting. In the present study more than 75 per cent of participants had a 

BMI defined by WHO as normal. Although height and weight were self-reported, the lower 

percentage of overweight is consistent in studies of plant-based diets. The risk of 

underreporting due to high BMI might therefore be lower. Studies have also suggested that 

women are more likely to underreport dietary intake than men (Hebert, Clemow, Pbert, 

Ockene, & Ockene, 1995; Novotny et al., 2003), and if such a gender difference exists, the 

large percentage of female participants in this study could pose a risk of underreported intake 

in the sample. However, the observation of gender differences in underreporting is not 

consistent (Johansson et al., 2001).  
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6.1.5.3 Social desirability 

Underreporting in 24HR is also found to be associated with social desirability, the tendency to 

avoid criticism (Hebert et al., 1995; Miller, Abdel-Maksoud, Crane, Marcus, & Byers, 2008). 

Social desirability can lead to selective underreporting of foods or dietary habits that are 

perceived as unhealthy, and Poppitt et al. found that the major cause of underreporting was 

failing to report between-meals snacks (Poppitt et al., 1998). In the present study, all 

participants were informed at the start of the interview that the interviewer was a master 

student in public health nutrition. This information could potentially have led to participants 

fearing judgment of their diet as not healthy enough, and thereby increased the risk of 

underreporting. Such feelings might also have been enforced if the participant felt that the diet 

on day in question was not representative of the habitual intake. In cases where participants 

expressed this concern, the master student explained shortly that the purpose of the method 

was not to assess each individual’s diets, but the average intake in a group. However, it cannot 

be dismissed that the low intake of added sugar found in this study could have been 

influenced by social desirability. Although social desirability is usually associated with 

underreporting, it might in the present study possibly have led to overreporting. Plant-based 

eating has long been subjected to more or less founded prejudice assumptions about 

inadequacies and severe deficiencies (Joan Sabaté, 2003). If the study participants had 

previous experience with judgmental comments or attitudes about plant-based diets being 

dangerous for their health, they might have wanted to give the impression of eating larger 

quantities the foods known to be nutritious. In addition, all participants were informed that the 

purpose of the study was to assess vegan and vegetarian diets. The need to “prove” that plant-

based eating can be both adequate and healthy, might have therefore have introduced social 

desirability in form of overreporting.   

 

6.1.5.4 Social approval 

Another potential respondent bias, closely related to social desirability is social approval, 

defined by Gibson (2005, p. 109) as the tendency to seek praise. Social approval is associated 

with selective overreporting of foods that are perceived to be healthy, such as fruits and 

vegetables (Miller et al., 2008). Although, not significant, Johansson et al. found that those 

who reported a low food intake level also reported larger portions of socially desirable foods 

such as vegetables and wholegrains (Johansson et al., 2001). Social approval and social 

desirability might have introduced overreporting of healthy foods, and underreporting of 

unhealthy foods. However, it is also possible that those who volunteered to participate, did so 
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with a genuine interest in contributing to increased knowledge of the dietary adequacy of 

plant-based diets. If that is the case, the participants intentions might be to achieve valid 

results, and this could act as a buffer against intentional under-or overreporting.  

 

6.1.5.5 Interviewer bias 

The interviewers in 24HR should strive to conduct each interview in a similar manner to limit 

interviewer bias. Because the master student conducted all the interviews, interviewer bias is 

less likely to have occurred than if there were multiple interviewers (Gibson, 2005, p. 110). 

However, it is possible that the later interviews were more detailed and exact due 

improvement in interview technique, including conscious use of open rather than close ended 

questions. The first 24HR were registered in the excel spreadsheet input file before later 

interviews were conducted. Although this allowed for adjustments in probing questions, no 

major changes to the structure of the interviews were made, and it is therefore unlikely that 

later interviews are widely different to earlier interviews. To create as similar conditions as 

possible, the interviews were scheduled sufficient time apart to avoid time pressure, and 

efforts were made to establish the same level of rapport in all interviews. Nevertheless, it 

cannot be ruled out that participants experienced the interview and the interaction in different 

ways, and that this might have influenced the data. Although, a more prominent principle in 

qualitative research, researcher reflexivity should be discussed due to the master student 

following a vegan diet. The master student reflected upon own expectations and values in 

advance and during the project, to avoid influencing the study process or results. However, 

the master student’s knowledge about plant-based diets could be considered an advantage, as 

it made identification of specific foods, ingredients and supplements frequently consumed by 

vegans and vegetarians easier.  

 

6.1.6 Statistical analysis  

All statistical tests were performed to assess the differences between dietary groups (vegans, 

vegetarians and pescatarians). Because of the gender differences in both intake and 

requirements, it was a limitation in the study that the tests were not also performed on females 

and males separately. This choice was due to the relatively low number of male participants 

which would result in a number of individuals in some gender and diet specific groups that 

was considered too low. Another limitation was that no statistical adjustments for 

bioavailability of nutrients were made. Due to the use of a single 24HR in this study, data on 
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habitual intake which is usually required for using fixed AR cut point method (Gibson, 2005, 

pp. 217-218) , was not obtained. In addition, it should be noted that the AR levels set in NNR 

are based on Nordic conditions and average Nordic diets, which contains meat. Because of 

uncertain bioavailability of several micronutrients from plant-based diets (Platel & Srinivasan, 

2016), the AR might be higher in vegans and vegetarians for some nutrients. However, as 

there are differences between countries in nutrient recommendations, and no universal 

agreement on specific ARs for nutrients from plant-based diets the AR currently in use in 

Norway was chosen. The proportion of participants meeting the AR for iron was not analysed 

because the assumption of symmetrical distribution of requirements in the group about the AR 

are not met for iron requirements of premenopausal women (Gibson, 2005, pp. 2017-2018). 

The assumptions for each statistical analysis were checked and confirmed before all tests.  

 

6.2 Discussion of results 

6.2.1 Summary of main results 

This thesis provides an insight into total nutrient intake in vegans, vegetarians and 

pescatarians in Norway. The main findings in this study were that the dietary intake of 

macronutrients was within the recommendations. In addition to the low intake of SFA in 

vegans, beneficial levels of intake were reported for dietary fibre, added sugar and salt in all 

groups. Vegans had higher median intakes of most micronutrients than vegetarians, due to 

higher intake of supplements. Use of supplements was reported by more than 2/3 of the 

participants and was the single major dietary source of all of the selected micronutrients, 

except calcium. However, the percentage of participants meeting the AR for the selected 

micronutrients indicates inadequate intake of vitamin D, selenium (in vegetarians and vegans) 

and iodine, in addition to moderate risk of inadequate intake of B12 (in vegetarians and 

vegans). Vegans reported higher median intakes of vitamins D and B12 and calcium from 

supplements than vegetarians. Intake of meat substitutes was reported by 69 participants and 

intake of dairy substitutes by 108 participants. For both substitutes, vegans had the highest 

proportion of participants reporting intake. While, soy was the dominant raw ingredient in the 

meat substitutes, the main raw ingredients in the dairy substitutes were oats, soy and modified 

starch. Dietary practice was the only significant predictor of meat substitute intake, and 

compared with vegans (reference dietary group), the pescatarians had a lower odds of 

reporting intake. There were four predictors of use of dairy substitutes, of which animal 

welfare motivation for dietary practice was the strongest, followed by health motivation for 
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dietary practice. Dietary practice was also a predictor of dairy substitute intake. Compared 

with vegans (reference dietary group), both vegetarians and pescatarians had lower odds of 

reporting dairy substitute intake. 

 

6.2.2 Dietary intake of macronutrients (objective 1) 

6.2.2.1 Fatty acids 

The reported E% from fat (vegans 31, vegetarians 35, and pescatarians 33 E%) was within the 

recommendations in NNR ( 2012) for all dietary groups, and similar to the intake of 34 E% 

from total fat observed in the general Norwegian population (Norkost 3, 2012). However, the 

distribution of different fatty acids in the present sample differed between groups, with vegans 

reporting the lowest relative intake of SFA (6 E%) and the highest intake of PUFA (8 E%). 

This distribution was as expected, because animal-based foods are the main sources of SFA, 

while plant-based foods are sources of PUFA. The results were also consistent with previous 

observations presented in a systematic review (Bakaloudi et al., 2020). The findings are of 

importance because of the strong evidence suggesting that replacing SFA with PUFA in the 

diet may lower low-density lipoprotein (LDL) cholesterol (Mozaffarian, Micha, & Wallace, 

2010), and thereby reduce the risk of atherosclerotic cardiovascular disease (Ference & et al., 

2017). Limiting SFA is therefore one of the recommendations for a healthy diet (table 1) 

(FAO and WHO, 2019). In consistence with these recommendations, reducing the intake of 

SFA to 12 E% in the Norwegian population, is one of the targets in the National Action Plan 

for a Healthier diet (2017). However, based on the report “Trends in the Norwegian diet 

2020” (2021), the relative SFA intake in the population is 15 E%, which is considerably 

higher than both the population target and the recommendations (<10 E%) in NNR (2012).  

 

6.2.2.2 Carbohydrates and protein 

The relative carbohydrate intake in this study was approximately 50 E% in all groups and  

within the recommendations in NNR (2012). The intake was also comparable to most studies 

in the systematic review by Bakaloudi et al. (2020), which reported intakes of carbohydrates 

among vegans, typically above 50 E%. The median relative intake of protein in vegans and 

vegetarians (both 13 E%) and pescatarians (15 E%) in this study, was similar to findings in 

two large European cohort studies (Allès et al., 2017; Sobiecki et al., 2016). The adequacy of 

protein and amino acids intakes in plant-based diets are debated, mainly due to the amino acid 

distribution in plant-based proteins, which is considered less optimal than in animal-based 
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proteins (Mariotti & Gardner, 2019). However, plant-based diets will provide all essential 

amino-acids in quantities sufficient to meet requirements, given that total energy intake is 

adequate and the diet contains protein from both legumes and cereals (Mariotti & Gardner, 

2019). The overall 25th percentile of total energy intake in this study (1546 kcal), could 

suggests a low energy intake in 25% of the participants, and thereby an increased risk of 

inadequate protein and amino acid intake. However, low energy intake might in part be due to 

underreporting (Gibson, 2005). 

 

6.2.2.3 Added sugar 

All groups in this study reported intake of added sugar well below the recommendations of 

<10 E% and well below the estimated average intake in the Norwegian diet (Norwegian 

Directorate of Health, 2021). A possible explanation for the low intake of added sugar, is that 

the participants in this study are more conscious about their health and have more nutritional 

knowledge than the population in general. This is supported by the high percentages of 

participants reporting no smoking habits (91 %) and nutritional knowledge about how to meet 

their dietary needs (92%). Moreover, 82 % of the participants reported education at college or 

university level, which is considerably higher than in the general population (35 %) (SSB, 

2020). College or university education is associated with favourable lifestyle habits (NIPH, 

2016), and in both the NPHS (2021) and Norkost 3 (2012), consumption of sugary beverages 

were negatively associated with higher education. 

 

6.2.2.4 Dietary fibre 

In line with studies comparing dietary fibre intake between plant-based and omnivorous diets 

(Allès et al., 2017; Bowman, 2020; Clarys et al., 2014; Rizzo, Jaceldo-Siegl, Sabate, & Fraser, 

2013; Sobiecki et al., 2016), all groups in the present study reported higher intakes of dietary 

fibre (5 g/MJ, 4 g/MJ and 4 g/MJ) than the estimated average intake in the general population 

(2.3 g/MJ) (Norwegian Directorate of Health, 2021). These results are as expected, since 

plant-based foods such as wholegrains, legumes, vegetables, fruits, nuts and seeds are rich in 

dietary fibres. To support this, studies have found intake of dietary fibre to increase with 

dietary restrictions (Allès et al., 2017; Clarys et al., 2014; Rizzo et al., 2013; Sobiecki et al., 

2016). However, this was only partly the case in the present study since the intake of dietary 

fibre was similar in vegetarians and pescatarians. Eating foods containing dietary fibre is 

associated with lower body weight and has been linked with reducing CVD risk factors and 
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lower risk of colon cancer (Hemler & Hu, 2019; WCRF & AICR, 2018). The high content of 

dietary fibres in plant-based diets is therefore proposed as a potential explanation for the 

lower relative risk of certain NCDs in vegetarian and vegan populations (Hemler & Hu, 

2019).  

 

6.2.2.5 Salt 

The overall intake of salt in this study was 5.8 g, ranging from 5.2 g in vegetarians to 7 g in 

pescatarians. This is considerably lower than the estimations of average salt intake in the 

Norwegian population of approximately 10 g/day (Norwegian Ministries, 2017), and within 

the 2023 target of 8 g per day. However, only vegetarians and vegans met the 

recommendations in NNR (2012) of ≤6 g/day. Reduction in salt intake is one of the main 

national and global targets for the prevention of NCDs, largely due to the adverse effect of 

sodium on blood pressure (NCD-Strategy, 2013; World Health, 2013). Although, relatively 

low levels of salt intake were reported in this study, great variations are observed across 

previous studies, and there is no current evidence to conclude that plant-based diets contain 

less salt than omnivorous diets as (Bakaloudi et al., 2020). 

 

6.2.3 Dietary intake of micronutrients (Objective 1) 

The median intake of most micronutrients met the AR, with a few exceptions. These results 

may be due to well composed diets or use of supplements, or likely a combination of both. 

However, across all groups, the median vitamin A intake was lower than previously observed 

in European plant-based diets (Allès et al., 2017; Elorinne et al., 2016; Kristensen et al., 2015; 

Sobiecki et al., 2016). As vitamin A in vegan and vegetarian diets is mainly found as beta 

carotene in orange or dark green vegetables (Gallagher, 2012), a possible explanation for the 

relatively low vitamin A intake, is low intake of these vegetables. Another potential cause is 

underestimation of intake in dishes not prepared by the participant, or underestimation of the 

actual size of vegetables. Vegans reported significantly higher intake than vegetarians of nine 

micronutrients, including iron and all B vitamins, except folate. Because vegetarians include 

animal-source foods in their diets, they were expected to have higher intakes of most 

micronutrients sourced from animal foods. However, for the same reason, vegetarians may to 

a greater extent than vegans, overestimate the nutritional adequacy of their diets, and be less 

vigilant about supplements. Furthermore, classification of participants into dietary groups did 

not consider the amounts of animal-based foods consumed. In consequence, participants 
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consuming marginal amounts of animal-source foods could be classified as vegetarians or 

pescatarians.  

 

6.2.4 Average requirement and intake of selected micronutrients (Objective 2) 

6.2.4.1 Vitamin D 

Although the median intake of vitamin D was above the AR in both vegans and pescatarians, 

34 % of the vegans and 43 % of the pescatarians did not meet the AR. An even higher 

proportion (60 %) of the vegetarians reported vitamin D intake below the AR. Since the main 

sources of vitamin D are animal-based foods, the most likely explanation for the higher intake 

of vitamin D in vegans, is supplement  (Elorinne et al., 2016; Weikert et al., 2020). This is 

supported by the low intakes of vitamin D observed in studies assessing intake merely from 

food, both in vegans (Allès et al., 2017; Waldmann, Koschizke, Leitzmann, & Hahn, 2003; 

Weikert et al., 2020), and in vegetarians (Allès et al., 2017; Bowman, 2020; Sobiecki et al., 

2016). Overall, the results in the present study are comparable to previous studies, indicating 

an increased risk of inadequate vitamin D intake in plant-based diets without supplements. 

 

6.2.4.2 Vitamin B12  

In this study, adequate intake of vitamin B12 was observed in 82 % of the vegans, 70 % of the 

vegetarians and 93 % of the pescatarians, and pescatarians differed significantly from 

vegetarians. Correspondingly, the median vitamin B12 intake was above the AR in all dietary 

groups. Since vitamin B12 is mainly found in animal-source foods, it was unexpected that 

vegans had significantly higher median intake than vegetarians. However, considering the 

wide IQR in vegans (2 μg-26 μg), the higher intake of vitamin B12 observed in this group is 

most likely due to differences in supplementation, rather than in food intake. This explanation 

is also supported in previous studies (Schüpbach, Wegmüller, Berguerand, Bui, & Herter-

Aeberli, 2017; Sobiecki et al., 2016; Waldmann et al., 2003). In contrast to the present results, 

previous studies have found proportions of participants with inadequate vitamin B12 intake to 

increase with increased exclusion of animal-source foods (Allès et al., 2017; Sobiecki et al., 

2016). Notably, in contrast to the present study, these studies did not included supplements in 

the assessments, and the prevalence of inadequacy in vegans may therefore have been over-

estimated. In addition, the different recommendations for AR across countries, complicates 

direct comparison of prevalence of inadequate intake. The present study’s relatively high 

proportions of participants below the AR for B12 is nevertheless worrying due to the serious 
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health consequences caused by prolonged B12 deficiency, namely neurological degeneration 

and anaemia (NNR, 2012 ).  

 

6.2.4.3 Calcium 

No significant differences in proportions of participants meeting the AR for calcium was 

found between vegans, vegetarians or pescatarians in this study. All dietary groups reported 

median and 25th percentile intake of calcium above the AR. As milk and dairy are the most 

important sources of calcium in Norway, (NNR, 2012), it was unexpected that vegans did not 

report lower calcium intake than vegetarians and pescatarians. A possible explanation could 

be the higher percentage of vegans than vegetarians and pescatarians reporting use of plant-

based milks, as many of these are fortified with calcium. The median intake, and prevalence 

of inadequate intake of calcium, in vegans in this study were consistent with other studies 

(Allès et al., 2017; Clarys et al., 2014; Kristensen et al., 2015; Schüpbach et al., 2017; 

Sobiecki et al., 2016), while vegetarians and pescatarians reported considerably lower intakes 

than previously observed (Clarys et al., 2014; Rizzo et al., 2013; Schüpbach et al., 2017; 

Sobiecki et al., 2016). As calcium is essential for maintaining good bone health, the 

consequences of plant-based diets on BMD and fracture risk have been questioned (Iguacel, 

Miguel-Berges, Gomez-Bruton, Moreno, & Julian, 2019). The findings in the present study 

could indicate that more than 20% of the vegetarians and vegans may be at risk of inadequate 

calcium intake, and suggest that vegans and vegetarians should plan their diets to avoid 

adverse effects on bone health. 

 

6.2.4.4 Iron 

In the present study, all dietary groups had median intakes of iron that met the AR. These 

results are in line with previous studies, (Allès et al., 2017; Clarys et al., 2014; Elorinne et al., 

2016; Kristensen et al., 2015; Rizzo et al., 2013; Sobiecki et al., 2016; Weikert et al., 2020) 

As most plant-based diets include considerable amounts of plant-based sources of iron, such 

as whole grains, legumes and dried fruits and berries (Melina et al., 2016), the results are not 

unexpected. However, bioavailability of the non-haem iron from plant sources may vary 

dependent on the presence of inhibitors or enhancers, thus dietary intake of iron may not 

reflect the iron status in vegans and vegetarians (Gallagher, 2012). Despite multiple 

observations of adequate iron intake in vegetarians and vegans, these groups have also been 

found to have higher risk of low or depleted iron stores, compared to omnivores (Haider, 
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Schwingshackl, Hoffmann, & Ekmekcioglu, 2018; Pawlak, Berger, & Hines, 2018). 

However, the recent paper by Henjum et al. (2021) examining iron status in the present 

study’s sample found most participants to have sufficient iron status. Iron supplementation 

was reported by 9 % of the participants and use of supplements was not identified as a 

predictor of increased iron status in the sample. Furthermore, the paper observed no 

differences in iron status between the dietary groups, and gives support to the present findings 

(Henjum et al., 2021).  

 

6.2.4.5 Zinc 

In all dietary groups, the proportion of participants meeting the AR for zinc were above 90 %, 

and consistent with the median and 25th percentile intake, which was also above the AR in all 

groups. These results could indicate a low risk of inadequate zinc intake, similar to findings in 

the “NutriNet Santé study (Allès et al., 2017), but in contrast to several other studies (Elorinne 

et al., 2016; Kristensen et al., 2015; Sobiecki et al., 2016; Weikert et al., 2020). Animal-based 

foods are generally considered main sources of zinc, and the relatively high intake observed in 

the present study might therefor in part be explained by supplementation. Moreover, as the 

bioavailability of zinc from plant-based foods is assumed to be lower than from animal-based 

foods, meeting the AR recommended by NNR (2012) which is based on mixed animal and 

plant-based diets, might not reflect adequate zinc status in the participants. This is 

corroborated in a study which found high prevalence of inadequate zinc intake in vegans and 

vegetarians when using a bioavailability-adjusted AR (Sobiecki et al., 2016). The 

bioavailability-adjusted AR was based on The Institute of Medicine report on zinc 

requirements recommendations, which suggest that AR for zinc is multiplied by 1.5 when 

applied to vegans or vegetarians (IOM, 2001). In further support to the argument of increased 

zinc requirements in plant-based diets, a Swiss study (Schüpbach et al., 2017) found lower 

plasma concentration of zinc in vegans and vegetarians compared with the omnivores despite 

similar dietary intakes of zinc in all groups.  

 

6.2.4.6 Selenium 

In the present study, pescatarians had the highest proportion of participants (82 %) meeting 

the AR for selenium. Approximately half of both the vegans (47 %) and the vegetarians (49 

%) did not meet the AR, suggesting a high risk of inadequate selenium intake in these groups.  
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Two European studies have also found lower intakes (Sobiecki et al., 2016; Weikert et al., 

2020) and serum concentrations (Sobiecki et al., 2016) of selenium in vegans than in 

omnivores. However, a Swiss study (Schüpbach et al., 2017), detected no difference between 

vegans, vegetarians and omnivores in selenium status. The median selenium intake reported 

by vegans in the present study was below values observed in previous studies, even in studies 

reporting intake from food alone (Allès et al., 2017; Elorinne et al., 2016; Sobiecki et al., 

2016). Overall, the present findings corroborate studies suggesting vegans and vegetarians to 

be at potential risk of inadequate selenium intake. The results are also consistent with animal-

based foods being the most important source of selenium in Norwegian diets (NNR, 2012). 

As the selenium content in Norwegian soil is low, domestically grown plant-foods contain 

little selenium, which also might explain the present results. 

 

6.2.4.7 Iodine 

The median intake of iodine was above the AR in vegans and pescatarians, and only slightly 

lower than the AR in vegetarians. However, the wide IQR in all dietary groups suggest great 

variations in iodine intake, which are most likely due to supplementation, including the use of 

kelp (Groufh-Jacobsen et al., 2020). The sources of iodine in the Norwegian diet are mainly 

fish, shellfish, egg and cow milk (due to iodization of cow fodder) (NNR, 2012). Because 

pescatarians, as opposed to the two other dietary groups, include all these food groups in their 

diet, the higher 25th percentile of iodine reported in this group, might reflect the respective 

eating patterns. The proportions of participants reporting iodine intake below the AR in the 

present study was consistent with the published paper by Groufh-Jacobsen et al. (2020). Low 

intake and inadequate iodine status in vegetarian and vegan diets have also been previously 

observed both nationally (Brantsæter et al., 2018; Henjum et al., 2018) and internationally 

(Eveleigh, Coneyworth, Avery, & Welham, 2020; Kristensen et al., 2015; Sobiecki et al., 

2016; Waldmann et al., 2003).  

 

6.2.5 Contribution from different food groups to the intake of selected micronutrients 

(objective 3) 

Overall, supplements was the single major dietary source of all the selected micronutrients, 

except calcium. For vitamins B12 and D, which are almost exclusively found in animal-based 

foods (NNR, 2012), it would be expected that supplements accounted for most of the intake. 

It is however interesting that milk, dairy, fish and seafood did not supply a larger proportion 
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of the total intake of these vitamins among vegetarians and pescatarians. A potential 

explanation is low absolute intake in grams of these food groups. It could also be that the very 

high intake from supplements of vitamin B12 (five times the AR) and vitamin D (nearly three 

times the AR) in the vegans (n=62), might have skewed the proportion. Although, also 

obtained mainly from animal-source foods in Norway, a more likely distribution was seen for 

iodine as animal-source foods accounted for 21% of the total intake. In accordance low iodine 

intakes in vegan diets without use of supplements (Sobiecki et al., 2016; Waldmann et al., 

2003), the plant-based food sources, were limited and only accounted for one quarter of the 

iodine intake. 

 

Overall, whole grains was the main food source (non-supplement) of the selected 

micronutrients. Because this food group is considered one of the main plant-based sources of 

both iron and zinc, this observation was as expected (NNR, 2012). Also nuts and seeds, 

legumes and pulses, grains, fruits and berries and vegetables were important plant-based 

dietary sources. The contributions from multiple food sources to the intake of the selected 

micronutrients in this study, underlines the necessity of dietary diversity in plant-based diets 

to ensure intake of essential nutrients in adequate amounts. 

 

6.2.5.1 Supplements 

In this study, use of supplements was reported by 68 % of participants. In comparison, 46 % 

of participants in the NPHS (2021) reported daily or regular use of supplements. Comparable 

numbers were found in a Danish study on vegans where 69 % of the sample reported 

supplement use (Kristensen et al., 2015). The present study’s higher proportion of vegans 

reporting use of supplements compared to the two other dietary groups, may either indicate 

that vegans are more aware of the potential risk of deficiencies of plant-based diets in general, 

or that they consider their diets to be too restricted to obtain adequate intake of certain 

micronutrients. These explanations are both supported by a Finnish study (Elorinne et al., 

2016) and a recent German Study (Weikert et al., 2020), in which more than 90 % of vegan 

participants reported supplementation. These rates were however, higher than those observed 

in a another German study which found 46 % of the participants using supplement, with no 

difference between strict vegans and moderate vegans (lacto-ovo vegetarians) (Waldmann et 

al., 2003).  
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6.2.6 Intake of plant-based substitutes in the diet (Objective 4) 

Plant-based dairy substitutes were reported by 68 % of the sample and meat substitutes by 44 

% in the 24HR. Considering the increased selection of substitute products available in 

Norway (Grundekjøn, 2021), and that vegans, vegetarians and pescatarians may want to 

replace animal-based foods in their diets, these results were not surprising. Using substitute 

products may offer this population a convenient way of maintaining parts of previous dietary 

habits. Consistent with this explanation, the products reported by most participants in the 

24HR were cold cuts and spreads, plant-based milks and cheese, which all represent important 

food groups in the Norwegian diet.  

 

In this study, vegans had significantly higher odds of reporting meat and dairy substitute 

intake than pescatarians. A possible explanation for this result, may be that vegans exclude 

more animal-based foods from their diets than pescatarians, and therefore consequently need 

to replace a larger part of their diets with plant-based foods. This explanation is corroborated 

in several studies, which suggest that consumption of substitute products increases with 

increased avoidance of animal-based foods (Allès et al., 2017; Gehring et al., 2020; Haddad & 

Tanzman, 2003; Papier et al., 2019). Another potential explanation for the large proportion of 

vegans reporting use of substitutes, is that they consider these products to be good sources of 

protein (soy-based meat substitutes) or calcium and vitamins B12 or D (fortified plant-based 

milks). As the main ingredient in the early meat substitutes, tofu and tempeh (Alcorta et al., 

2021) soybeans have long been recognized as source of high-quality protein in vegetarians 

diet (Alcorta et al., 2021; Messina, 2016; Papier et al., 2019). In addition, soybeans are 

recommended as a source of iron, potassium, zinc and selenium in diets excluding meat. 

Furthermore, many variants of plant-based milks on the Norwegian market are fortified with 

vitamin B12 and vitamin D (Alpro, 2021; Dream, 2021; Gryr, 2021; Oatly, 2021). 

 

6.2.7 Raw ingredients in plant-based substitutes (objective 5) 

The large proportion of soy-based products reported in all meat substitute categories is 

consistent with soy being one of the most common raw ingredients in these products (Alcorta 

et al., 2021). However, peas and legumes and vegetables were also frequently reported, which 

may reflect a growing interest in alternative plant-based protein sources (FoodProFuture, 

2017; Smart Protein, , 2019). Both in Europe (Smart Protein, 2019) and in Norway 

(FoodProFuture, 2017), projects have been initiated to identify protein rich plants that can 

thrive in the Northern climate. The projects are also working on how to develop these plants 
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into products with high protein content, that will appeal to the consumers. Most plant-based 

milks, yoghurts, cream and crème fraiche reported in the 24HR were based on either soy or 

oats. These results are comparable with the consistently high sales values of soy-based dairy, 

in addition to a substantial growth in sales values for oat-based products seen in Europe 

(Smart Protein Project, 2021). Most of the cheese was based on modified starch. Although, 

this ingredient is not a good source of protein, the products are marketed as “cheese 

alternatives”, which may cause them to be wrongfully perceived as a good protein source. The 

proportions of raw ingredients were estimated based on how frequently each product was 

reported, consequently the actual amount of raw ingredients from substitute products was not 

assessed. However, the assessment gives an indication of preferences of raw ingredients. 

 

6.2.8 Predictors of plant-based substitute intake in logistic regression (objective 6) 

Dietary practice motivated by animal welfare, was the strongest predictor of dairy substitute 

intake. As animal welfare is a one of the most common motives for adhering to plant-based 

diets in general and vegan diets in particular (Hoffman, Stallings, Bessinger, & Brooks, 2013; 

Ruby, 2012), this result was not surprising. However, the wide C.I, indicates uncertainty in 

the estimate, which could be due to insufficient sample size (n=108) and the small proportion 

of participants (15 %) not reporting animal welfare as a motivation for dietary practice. 

 

Interestingly, health motivated dietary practice was the second strongest predictor of plant-

based dairy substitute intake. The association might indicate that dairy substitutes are 

perceived as healthy, or as previously mentioned, as an important source of certain 

micronutrients. In support of this finding, health has been suggested as one of the drivers for 

the growing demand for substitute products (Ismail et al., 2020), which is reflected in 

marketing of the products as “good for you”, implying that they hare healthy (Alpro, 2021; 

Hälsans kök, 2021). Although many of the raw ingredients in plant-based substitutes are 

confirmed as both healthy and sustainable (Clune et al., 2017; Norwegian Directorate of 

Health, 2015a), there is limited evidence to the nutrient quality and sustainability of the final 

products (Alcorta et al., 2021; Choudhury et al., 2020), and a recent study suggested that high 

intake of plant-based substitute products could decrease the nutritional quality in plant-based 

diets (Gehring et al., 2020). Nevertheless, the impact  of plant-based substitutes on diet 

quality and health remains to be further investigated and nuanced (Wickramasinghe et al., 

2021). 
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7.0 Conclusion 

The results of this thesis indicate that vegan, vegetarian and pescatarian diets in Norway may 

have a beneficial macronutrient composition, since all groups reported advantageous fatty 

acid distribution with low E% from SFA. In addition, the results indicate a low intake of 

added sugar and salt and high intake of dietary fibres in the plant-based diets. As for 

micronutrients, results suggest a risk of inadequate intake of vitamin D and iodine in all 

groups, and of selenium in vegans and vegetarian. Vegans and vegetarians may also have a 

moderate risk of inadequate vitamin B12 intake. The vegans reported higher median intake of 

most micronutrients than vegetarians, probably due to higher intake of supplements. 

Supplements were also the main contributor to the intake of all except one of the selected 

micronutrients. Combined, these results suggest that use of supplements may be necessary to 

maintain adequate intake of vitamins D, B12, and iodine in plant-based diets. Furthermore, the 

need for supplementation may also apply to the diets less restrictive than the vegan diet. 

According to the results, plant-based substitutes were included in the diet by 2/3 participants. 

However, it may seem that vegans could be more inclined to consume plant-based substitutes 

than vegetarians and pescatarians. Moreover, intake of dairy substitutes was predicted by 

having animal welfare, or health, as motivation for dietary practice. The results also imply 

that use of plant-based milks may dominate among the dairy-substitutes being the most 

frequently reported. A majority of the reported meat substitutes were based on soy, while 

large proportions of the dairy substitutes were based on oats, soy or modified starch.  

 

Based on the high intake of plant-based substitutes found in this study, and the limited 

knowledge of the nutrient content in these products, the impact of these products on diet 

quality and health, should be investigated in future studies. In addition, the low intake of 

vitamin D and selenium observed in the participants and the proportions of vegans and 

vegetarians at moderate risk of intake of B12, suggest further studies are needed to assess the 

status of these nutrients in vegans, vegetarians and pescatarians. Future studies on nutrition 

and health in plant-based diets, should also include flexitarian diets, as these are increasing 

most rapidly in the population.  
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