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Preface 

The initial objective of this project was to further investigate the association between the 

Healthy Nordic Food Index (HNFI) and the risk of colorectal cancer (CRC) and mortality. In 

line with this aim, a manuscript examining the relationship between the HNFI and CRC risk 

was completed and submitted to a journal shortly after the onset of the COVID-19 pandemic. 

However, after several months, we were informed by the journal that they had been unable to 

find reviewers for the manuscript, resulting in its rejection. 

During the waiting period, I had numerous concerns about using and interpreting composite 

indices in relation to health outcomes and tested alternative constructions for an index to use 

in the analyses between the healthy Nordic diet and CRC and mortality. However, these tests 

and discussions prompted a shift in the project's focus. I became interested in conducting a 

more detailed examination of the individual food groups that hold significance in the Nordic 

diet. This new direction aimed to provide a deeper understanding of the dietary components 

and their association with longevity within the context of the healthy Nordic diet. 

This project offers a glimpse into the complex relationship between elements in a healthy 

Nordic diet and mortality, yet it is just the beginning. Reciting the words of Hanna Resvoll-

Holmsen “But we must move on. In front of us lies the mountain with that plant life, we had 

set ourselves the goal of getting a little insight into.” The potential health benefits of the 

diversity of plants that have been integral to our nutritional and medicinal heritage, await 

further exploration. This includes whole grains and legumes once commonly cultivated, as 

well as wild berries and plants that have yet to be examined within the scope of research on 

the healthy Nordic diet. Given the growing disconnection between consumers and their 

food—geographically, practically, and in awareness—in a world also grappling the loss of 

natural habitats, the decline in biodiversity, climate changes, political instability, conflict, and 

the prevalence of NCDs, it is important to continue the exploration of local and traditional 

diets. This project is a small attempt! 

 

 

  



 

 

  



 

 

Abstract 

Background: Noncommunicable diseases (NCDs), including cancer and cardiovascular 

diseases (CVDs), are the leading causes of death among Norwegian women. Norway is 

aiming for a 33% reduction in premature mortality from NCDs by 2030. To achieve this goal, 

as well as other Sustainable Development Goals (SDGs) such as climate change mitigation, a 

shift towards healthy and sustainable diets is essential. Reviving traditional diets that utilise 

local foods, has been identified as crucial by the Food and Agriculture Organization of the 

United Nations (FAO). The healthy Nordic diet aligns with this necessary shift in dietary 

behaviours according to the World Health Organization (WHO). 

Aim: This thesis aimed to explore adherence to the healthy Nordic diet and examine the 

associations between food groups within this diet and mortality. Additionally, it aimed to 

investigate dietary shifts towards a healthy Nordic diet and the association with mortality 

among women in Norway. 

Methods: This thesis was conducted within the Norwegian Women and Cancer Study 

(NOWAC), a prospective national cohort study that includes more than 170,000 Norwegian 

women. Adherence to the healthy Nordic diet was assessed using the Healthy Nordic Food 

Index (HNFI). Cox proportional hazard models and restricted cubic splines were used to 

estimate the association between key food groups in the healthy Nordic diet and all-cause 

mortality. Additionally, specified substitution analyses were conducted to evaluate the 

associations between replacing red and processed meat with fish and cause-specific mortality. 

Results: Most women were medium adherents to the HNFI, and higher adherence was linked 

to increased food and energy intake, as well as a healthier lifestyle. An increased intake of 

lean fish and whole grain products was associated with lower all-cause mortality. The 

relationship between the intake of Nordic fruits and vegetables, fatty fish, and low-fat dairy 

products and all-cause mortality was non-linear, with moderate intake proving to be optimal. 

Among those who consumed higher amounts of processed meat, replacing processed meat 

with lean fish was associated with lower all-cause, cancer, and CVD mortality, while 

replacing processed meat with fatty fish was associated to lower CVD mortality. Lower 

consumption of processed meat, as well as unprocessed red meat consumption was not 

associated with mortality.   

Conclusion: Whole grain products, lean fish, and Nordic fruits and vegetables should be 

promoted as key components of the healthy Nordic diet to enhance longevity among 

Norwegian women. For women with higher processed meat intake, promoting the substitution 

of processed meat with lean fish could help reduce premature mortality, particularly from 

cardiovascular diseases (CVD). Further research is necessary to explore the potential health 

impacts of processed fatty fish and dairy products, as well as a broader range of healthy 

Nordic foods, to better understand the influence of the healthy Nordic diet on mortality. 



 

 

  



 

 

Sammendrag 

Bakgrunn: Ikke-smittsomme sykdommer, inkludert kreft og hjerte- og karsykdommer, er de 

vanligste dødsårsakene blant norske kvinner. Norge har satt som mål å redusere forekomsten 

av for tidlige dødsfall fra ikke-smittsomme sykdommer med 33 % innen 2030. For å oppnå 

dette målet, samt FNs bærekraftsmål relatert til bevaring av natur og miljø, er en overgang til 

et sunt og bærekraftig kosthold nødvendig ifølge FNs organisasjon for ernæring og landbruk 

(FAO). Verdens helseorganisasjon (WHO) fremhever det sunne nordiske kostholdet som et 

eksempel som er i tråd med disse målene. 

Mål: Formålet med denne oppgaven var å utforske etterlevelse av et sunt nordisk kosthold og 

undersøke sammenhengene mellom matvaregrupper som er en del av dette kostholdet og 

dødelighet blant kvinner i Norge. I tillegg var det et mål å undersøke endringer mot et sunt 

nordisk kosthold og sammenhengen med dødelighet. 

Metoder: Oppgaven bruker data fra Kvinner og Kreft studien (KK), som er en prospektiv 

nasjonal kohortstudie som omfatter mer enn 170 000 norske kvinner. Etterlevelse av et sunt 

nordisk kosthold ble målt ved hjelp av en konstruert indeks – the Healthy Nordic Food Index 

(HNFI). Cox proporsjonale hasardmodeller og «restricted cubic splines» ble brukt for å 

estimere sammenhengen mellom matvaregrupper i det sunne nordiske kostholdet og total 

dødelighet. I tillegg ble det utført spesifiserte substitusjonsanalyser for å estimere 

sammenhengen mellom å erstatte rødt og bearbeidet kjøtt med fisk og dødelighet knyttet til 

kreft og hjerte- og karsykdom. 

Resultater: De fleste kvinnene var i kategorien for middels etterlevelse av et sunt nordisk 

kosthold målt med HNFI. Høy etterlevelse var assosiert med et høyere mat- og energiinntak, 

samt en sunnere livsstil. Økt inntak av mager fisk og fullkornsprodukter var forbundet med 

lavere totaldødelighet. Sammenhengen mellom totaldødelighet og inntak av nordiske frukt og 

grønnsaker, fet fisk og magre meieriprodukter var ikke lineær, og et moderat inntak var 

optimalt. Blant kvinnene med et noe høyere inntak av bearbeidet kjøtt, var det å erstatte 

bearbeidet kjøtt med mager fisk assosiert med lavere totaldødelighet, samt lavere dødelighet 

fra kreft og hjerte- og karsykdommer. Erstatning av bearbeidet kjøtt med fet fisk var også 

knyttet til lavere dødelighet fra hjerte- og karsykdommer. Lavere inntak av bearbeidet kjøtt, 

samt inntak av ikke-bearbeidet rødt kjøtt var ikke assosiert med dødelighet. 

Konklusjon: Fullkornsprodukter, mager fisk og nordiske frukt og grønnsaker bør fremmes 

som viktige matvaregrupper i det sunne nordiske kostholdet for å øke levetiden blant norske 

kvinner. For kvinner med høyere inntak av bearbeidet kjøtt kan det å erstatte noe av dette 

kjøttet med mager fisk bidra til lavere dødelighet, spesielt av hjerte- og karsykdommer. 

Ytterligere forskning er nødvendig for å utforske mulige helseeffekter av bearbeidet fet fisk 

og meieriprodukter, samt et bredere utvalg av sunne nordiske matvarer, for å bedre forstå 

sammenhengen mellom det sunne nordiske kostholdet og dødelighet. 



 

 

 

   



 

 

Thesis at a glance 

 

 

PAPER I 

Research question: To assess adherence to the 

Healthy Nordic Food Index, and to explore 

dietary composition and lifestyle factors 

associated with adherence to the index 

Study sample: 81 516 

Exposure: The Healthy Nordic Food Index  

 

Outcome: Macro- and micronutrients, energy 

intake, food groups outside the Healthy Nordic 

Food Index, age, body mass index, physical 

activity, smoking, and region of living 

 

PAPER II 

Research question: To evaluate the potential 

non-linear associations between food groups 

part of a healthy Nordic diet and all-cause 

mortality  

Study sample: 83 669 

Exposure: Nordic fruits and vegetables, lean 

fish, fatty fish, whole grain products, low-fat 

dairy products 

Outcome: All-cause mortality 

 

PAPER III 

Research question: To examine the impact of 

replacing red and processed meat with lean or 

fatty fish on all-cause and cause specific 

mortality 

Study sample: 83 304  

Exposure: Processed meat (n=81 374), red 

meat (n=77 597), red and processed meat (n=82 

245), replaced with lean or fatty fish 

Outcome: All-cause mortality, cancer- (C00-

C97), and CVD (IHD (I20-I25) and stroke (I60-

I69)) mortality 

Illustrations: Mette Kaada 
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1 Background 

Aligned with the United Nations Sustainable Development Goals (SDG), the World Health 

Organisation (WHO), and its member states (including Norway) are aiming for a 33% 

reduction in premature mortality from noncommunicable diseases (NCDs) by 2030, using 

2015 as the reference year (1). “Premature mortality” is defined as deaths that occur before 

the age of 70, specifically deaths between the ages of 30 and 69 in this context (2).  

To achieve the goals on NCDs reduction, as well other SDGs such as clean water and 

sanitation, and climate change mitigation, a shift to healthy and sustainable diets is necessary 

(3, 4). The Food and Agricultural Organisation of the United Nations (FAO) emphasizes the 

importance of prioritizing the revival of traditional food systems to ensure that populations 

consume healthy diets to meet the public health challenges in a sustainable way (4). 

In this context, the adaptation of traditional and culturally accepted diets that utilize local 

foods, cultivated in harmony with the natural environment and within dynamic ecosystems, 

emerges as a pivotal solution. According to WHO, regional diets such as the Mediterranean 

diet and the healthy Nordic diet align with this needed shift in dietary behaviours and food 

systems (5). 

This thesis explores the relationship between a healthy Nordic diet, measured by the Healthy 

Nordic Food Index (HNFI), other dietary factors, and lifestyle factors among Norwegian 

women. It also focuses on how food groups within the healthy Nordic diet are associated to 

Norwegian women’s all-cause mortality, as well as dietary changes replacing red and 

processed meat with fish in relation to all-cause mortality, and deaths from cancer and 

cardiovascular diseases (CVDs) – two major NCDs. These NCDs share some common 

modifiable risk factors, and consequently, similar strategies for prevention.  

1.1 Mortality in Norway, with focus on noncommunicable 
diseases and Norwegian women 

1.1.1 Mortality in Norway  

The latest data from the Norwegian Cause of Death Register for 2022 (updated data on 

mortality in Norway will not be published until May 30, 2024) shows that there were 45 947 

registered deaths among people living in Norway, with women accounting for 50 % of these 

deaths. While the overall mortality rate in Norway has been declining for several decades, 

there was a noticeable increase in deaths during 2021 and 2022 (6).  

The age-standardised mortality rate for 2022 was 917 per 100 000 individuals, the highest 

since 2015 (6). This increased mortality is partially attributed to the impact of COVID-19, but 

there was also a notable rise in deaths from cancer and cardiovascular diseases (CVDs). 

Moreover, the mortality rate among those under the age of 70 was higher than expected, with 

CVD-related deaths surpassing those associated with COVID-19 in this age group. The exact 
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reasons for relative increase in CVD-related deaths is unclear, but changes in reporting 

practices and the pandemic may have played a role (6).  

1.1.2 Noncommunicable diseases and mortality  

NCDs including the four primary types - CVD, cancer, diabetes, and chronic respiratory 

diseases- are the leading cause of death worldwide (2). The global trend is that mortality 

attributed to these four major NCDs has risen both in absolute numbers and in the proportions 

of all deaths between 1990 and 2019 (2). This increase is primarily due to a growing and 

ageing population, and the age-standardised mortality for the four major NCDs have generally 

decreased during this period, with the exception of diabetes (2). These primary NCDs are also 

the foremost cause of premature death among adults in both the affluent and many low-

income countries.  

Despite the increase in deaths during 2021 and 2022, there has in Norway been an overall 15 

% decrease in NCDs related premature deaths, from 212 to 180 per 100 000 individuals, 

between 2015 and 2022 (1, 6). The decline has been seen in both men and women, although 

the premature mortality from NCDs is higher among Norwegian men than women (1, 6). 

Cancer, which is a general term for diseases characterised by uncontrolled cell division, is the 

leading cause of death in Norway and the primary cause of premature mortality among 

Norwegian women as shown in Figure 1 (1, 7).  

 

Figure 1 NCD mortality in Norwegian women aged 30-69, 2005-2022 

Mortality from NCDs cancer, CVDs, COPD and diabetes in Norway, 2005-2022 for the age group 30-69 years. Deaths per 

100,000 inhabitants, age standardised, women. Adapted from the Cause of Death Register, Institute of Public Health (1) 
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Mortality is an indicator of disease burden, and the incidence of cancer has increased fivefold 

in Norway since the 1950s, paralleling both a growing population, and the doubling of the 

proportion of the population aged over 70, which constituted 13 % in 2022 (7). The age-

adjusted death rates from cancer have been relative stable since the 1960s, with a notable 

decline starting in 2000, however this decline is more pronounced in men (7). 

Approximately, 38 000 Norwegians are diagnosed with cancer each year, and the number is 

expected to rise (7). Current estimates suggest that 38 % of Norwegian women will be 

diagnosed with cancer by the age of 80. The most prevalent cancers among Norwegian 

women include breast, colorectal, and lung cancer, which together account for about 60 % of 

new cancer cases. When compared with other Nordic countries, Norwegian women have the 

second-highest cancer incidence rate after women in Denmark, and the highest incidence of 

colorectal cancer (7). 

Following cancer, CVDs are the leading cause of death in Norway in both women and men, 

accounting for 23 % of all deaths in 2022. As shown in Figure 1, CVDs are also the second 

leading cause of premature death among Norwegian women (6, 8).  

CVD refers to conditions that affects the heart and blood vessels (8). Common CVDs include 

angina pectoris, myocardial infarction, stroke, arterial fibrillation, and heart failure. These 

conditions are often interrelated; for instance, ischemic heart disease (IHD), which 

encompasses both myocardial infarction and angina pectoris, is a significant contributor to the 

development of heart failure and atrial fibrillation. Additionally, arterial fibrillation and 

myocardial infarction are known risk factors of stroke (8).  

IHD and stroke are the most common CVDs, and they account for around 80% of the CVD-

related deaths (2). Even though IHD and stroke mortality are most common above the age of 

70, they are also major contributors to premature mortality in the world causing nearly 30 % 

of all deaths in the age group 50-69 in 2019 (2).    

Mortality rates from CVDs in Norway have been on downward trajectory since the 1970s, 

and particularly there has been a significant decline in deaths due to acute myocardial 

infarction (8). Since the 1990s, mortality rates from both myocardial infarction and stroke 

have decreased by more than 50%. When age-adjusted, the incidence of myocardial infarction 

in Norwegian women has decreased by 31%, while the occurrence of acute stroke has 

declined by 8% from 2017 to 2022. When compared to other Nordic countries, Norway and 

Iceland has the lowest mortality rates from CVDs (6, 8).  

1.2 Common behavioural risk factors for noncommunicable 
diseases 

The primary NCDs share some common behavioural risk factors including unhealthy diets, 

tobacco use, excessive alcohol consumption, and lack of physical activity (2). These factors 
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contribute to metabolic changes that increase the risk of NCDs, including hyperglycaemia, 

hyperlipidaemia, hypertension, and overweight/obesity as shown in Figure 2 (2).  

 

Figure 2 “The relationship between risk factors and NCDs”  

By Nick Banatvala and Pascal Bovet, licensed under CC BY-ND 4.0 DEED  

Dietary risk factors, particularly the overconsumption of red and processed meat, sugar-

sweetened beverages, trans fatty acids, and sodium, alongside a low intake of fruits and 

vegetables, legumes, whole grains, nuts and seeds, milk, seafood omega-3 fatty acids, omega-

6 fatty acids, calcium, and fibre, are leading contributors to NCDs (2, 4). 

In Norway, the low intake of fruits and vegetables, combined with high consumption of sugar 

and salt, is estimated to contribute to 13 % of all deaths, surpassing the contribution from 

tobacco, which contributed to 12 % of all deaths (9).  

1.2.1 Simplification of the diet – a fundamental contributor to dietary risk 
factors for noncommunicable diseases 

FAO identifies simplification of the diet as a key issue leading to dietary risk factors 

associated with NCDs. In their report “Biodiversity and Nutrition, a common path” a complex 

relationship between nutrition and biodiversity is outlined, which includes genetic, species 

and ecosystem diversity (10). The trend towards industrial farming practises and a 

globalization of food systems, has led to a dramatic reduction in biodiversity since the 

beginning of agriculture. This loss of biodiversity, and the resulting decline in the variety of 

foods, has largely contributed to the loss of a variety of dietary components providing 

essential nutrients, and increased availability of energy-dense foods high in refined 

carbohydrates, fats, and salt, and low in essential nutrients (10).  

The rise in ready-to-eat products, of which many are defined as ultra-processed foods, 

exemplifies this issue (11). A study analysing food sales suggest that this simplification of 

diets is evident in Norway, where a considerable portion of food expenditure is on ultra-

processed foods, constituting 46.5% of the total, compared to 36.3% spent on minimally 

processed foods (12).  
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The decline in consumption of locally available foods is according to FAO closely linked to 

the rising rates of overweight, obesity and NCDs (10). These trends are not only bad for 

public health, but also to the environment (2, 11, 13).  

The relationship between diets abundant in dietary species biodiversity and mortality was 

examined in a large European cohort study, which incorporated data from Norwegian women 

in the Norwegian Women and Cancer (NOWAC) study. The results indicated that a high level 

of diversity in the diet, encompassing a variety of foods from different species, was linked to 

lower all-cause mortality. This finding highlights the direct importance of dietary diversity for 

public health (14).  

The opportunity to diversify our diets by incorporating a broader range of local foods, could 

not only conserve genetic diversity within individual regions but also our collective genetic 

heritage worldwide (14). Hence, regional diets, such as the healthy Nordic diet, could be a 

globally relevant strategy for preventing NCDs in a sustainable way (14).  

1.3 The development of the healthy Nordic diet 

Over the course of the 20th century, the dietary focus in the Nordic region has evolved from a 

culture of scarcity, where food preservation and consumption were based on availability, to a 

situation where food is abundant, with a diversity of choices, and a growing awareness of the 

connection between diet and health (15). In Norway, food and nutrition became important 

political issues during the 20th century, with health becoming a central aspect of food culture 

(15). The focus on health also permeates public discussions (15, 16). Despite the efforts, 

unhealthy diets persist as a primary risk factor for NCDs in Norway, a trend that is consistent 

across the Nordic region (17).   

1.3.1 The Nordic collaboration  

Nordic countries, including Norway, Sweden, Denmark, Iceland and Finland, have long 

history of collaboration to develop dietary guidelines known as the Nordic Nutrition 

Recommendations (NNR) (18), as well as on climate, the environment, and the conservation 

of genetic resources (17, 19).  

The collaboration concerning NNR was initiated due to similarities in dietary habits and the 

prevalence of diet-related diseases like CVDs, type 2 diabetes, and obesity in the Nordic 

countries. From the beginning NNR primarily focused on setting dietary reference values for 

single nutrients to plan diets for groups in the population, while in the 5th edition from 2012 

(NNR2012), the focus shifted to the entire diet placing greater emphasis on the role of dietary 

patterns in preventing chronic diseases related to diet (18). The updated version of the 

NNR2012 - NNR2023 - was published in June 2023 (20).  

In addition to updating all the chapters from the previous edition (NNR2012), the latest 

edition (NNR2023) has placed increased emphasis on dietary patterns as well as sustainability 

and environmental considerations (20). Although NNR2023 did not play a role in shaping the 
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concept of the healthy Nordic diet, the NNR23 establishes the basis for forthcoming food-

based dietary guidelines in Norway and points out the course for our future nutrition policies. 

Moreover, it revitalises some of the core principles of the healthy Nordic diet, by reaffirming 

the focus on dietary patterns and sustainability (20).    

1.3.2 The “New” Nordic diet  

The concept of a Nordic diet was not really defined until it became “new” (15). The new 

Nordic diet emerged in the early 2000 as a concept from the collaborative efforts by a group 

of chefs from various Nordic countries, who sought a new culinary identity shaped by the 

region’s “terroir” (15).  

Terroir is described as the alliance between humans and their territory, encompassing a 

unique combination of factors including culture, climate, landscape, and heritage (15, 21) 

(Figure 3). This synergy gives distinctive qualities and flavours to food, specific to a 

particular geographic area, and has been central in branding the new Nordic diet (15).  

The collaboration among chefs, culminated in a manifesto for the new Nordic cuisine in 2003 

based on principles related to health, gastronomic potential, Nordic identity, and 

sustainability, aiming to bridge the gastronomic potential of the regional foods with health 

and sustainability (21).  

 

Figure 3 The concept of “terroir” by Marianne Østerlie,  

Adapted from the report “Kortreist mat og smak med lokal identitet” by Marianne Østerlie, with permission from the author 

(22) 

Following the establishment of the new Nordic cuisine as a prominent concept, driven by 

renowned restaurants like Noma in Copenhagen, researchers sought to translate the concept 

into a Nordic diet - based on principles of health and sustainability- to be applied in research 

context (23).  

Several variations of terms such as the “new Nordic cuisine”, the “new Nordic diet”, the 

“Nordic diet”, and the “healthy Nordic diet” have been used to describe both this culinary 

movement, and a healthy dietary pattern defined by a set of criteria and applied in nutritional 

epidemiological research over the last 10-15 years (23).  
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Consequently, there is no singular “Nordic diet”, instead it is an umbrella term that is used to 

describe any interpretation of a dietary pattern that is based in scientific evidence on diet and 

health, with a focus on foods that originate from the Nordic region, as well as the more 

practical gastronomic new Nordic diet (23). In the following, the term “healthy Nordic diet” 

will be used when referring to the conceptualisation of dietary patterns that focuses on foods 

originating in the Nordic region with anticipated health benefits that are applied in research 

context (23).  

1.3.3 Conceptualization of the healthy Nordic diet 

The selection of foods for inclusion in the healthy Nordic diet have commonly been guided by 

these four criteria (24, 25): 

1. The ability to be produced on a large scale within the Nordic countries without the use 

of external energy such as greenhouses. 

2. A longstanding tradition of being used as a food source within the Nordic countries. 

3. Demonstrating health benefits. 

4. The ability to be consumed as food items, rather than limited to small amounts as 

spices or dietary supplements.  

The healthy Nordic diet places particular emphasis on specific varieties of foods within the 

food groups commonly recognized as contributing to a balanced diet (18, 24). These five 

basic food groups include carbohydrate rich foods such as cereals and potatoes; fruits and 

vegetables; dairy products; protein foods such as fish, meat, and alternative options; and oils 

and fat (24, 26, 27). Within these food groups there are varieties that are emphasised in the 

healthy Nordic diet; i) Cereals: rye, oats and barley, ii) fruits, berries and vegetables: non 

starchy root vegetables, cabbages, apples and pears, wild berries such as blueberries, 

cloudberries, lingonberries and plums, iii) dairy: low-fat dairy, iv) Fish: lean and fatty fish 

and other seafood v) red and processed meat: either omitted or handled as a negative weighted 

factor, vi) oils and fat: rapeseed oil.  

Regional foods that we define as part of the healthy Nordic diet today might however differ 

from what was consumed in the past. For instance, potatoes have a longstanding place in 

Nordic food traditions but are often excluded from the definition of a healthy Nordic diet, as 

the criteria for inclusion require clear evidence of health benefits in the scientific literature. 

Similarly, while full-fat dairy was traditionally consumed in the region, the contemporary 

interpretation of the healthy Nordic diet emphasises low-fat dairy options. Additionally, 

rapeseed oil is recommended as a healthier alternative to butter within this framework. This 

illustrates that the concept of food tradition is dynamic and constantly evolving, rather than 

being static, and that regional foods are selected and defined based on what is currently 

important for us (15).  

The following will summarize the current recommendations and the traditional use of the 

basic food groups covered in this thesis – whole grains (whole grain bread and breakfast 
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cereals), fruits and vegetables (root vegetables, cabbages, apples/pears), dairy (low-fat milk 

and yoghurt), fish (lean and fatty fish) and red and processed meat.  

1.3.3.1 Whole grains  

Whole grain is defined to include all parts of the cereal seeds, including the bran, germ, and 

endosperm, in the same relative proportions found in the intact whole grain (28). Current food 

based dietary guidelines recommend an intake of 75-90 grams of whole grains daily, while 

the NNR2023 recommends a minimum of 90 grams, specifically excluding rice (20, 29). This 

recommendation is based on evidence linking diets rich in whole grains to lower risk of CVD, 

colorectal cancer, type 2 diabetes, and all-cause mortality (20). 

Whole grains such as barley, rye and oats are rooted in Nordic food traditions, with a history 

of cultivation across the region, including areas above the Arctic Circle like northern parts of 

Norway (30). In the past, these whole grains were primarily consumed as porridge and crisp 

bread, while refined wheat-based products did not become common in the general population 

until the 19th century when leavened bread baking at home became more widespread (15).  

Grains remain a staple in the Nordic diet, but currently, wheat is the most widely consumed 

grain in the Nordic region, accounting for 80 % of the total grain consumption, followed by 

rye, barley, and oats (24, 31). Estimates indicate that around 14-28% of the total grain 

consumption in the Nordic countries is in the form of whole grain, suggesting a predominance 

of refined grains (31). In Norwegian women, bread is the major source of whole grains and 

predominantly whole grain wheat, followed by rye mainly from crisp bread, and oat from 

porridge/breakfast cereals (32).  

1.3.3.2 Vegetables, fruits, and berries  

Fruits, berries, and vegetables, excluding potatoes and legumes, comprises a variety of plant 

foods that are commonly classified by their culinary uses in a nutritional context. Vegetables 

are generally defined as the edible parts of plants including leaves, roots, tubers, stems, and 

flowers. Fruits are the edible portions surrounding the seeds of plants and trees, while berries 

are small, seed-containing fruits (28). Norwegian dietary guidelines recommend a daily intake 

of at least 500 grams of fruits, vegetables and berries, while the NNR2023 suggests 500-800 

grams to ensure a sufficient intake of dietary fibres, vitamin C, vitamin E, provitamin A, 

vitamin K, folate, potassium, and iron as well as a wide range of phytonutrients (20, 29). 

Increasing intake of these plant foods is associated with lower risk of cancer in the gastric 

tract and lungs, and is beneficial for cardiovascular health and longevity, with the most 

significant risk reduction observed at lower intake levels (33).  

Historically, the consumption of fruits and vegetables in the Nordic region was relatively low, 

especially prior to the discovery of vitamins in 1912 (15). The awareness of the health 

benefits associated with vegetables grew following this discovery, leading to an increased 

intake. In Norway, the types of fruits and vegetables consumed were primarily root vegetables 

such as turnips and swede, which were commonly stored during winter and served as staples 
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before the introduction of potatoes. Carrots and cabbage were also common. Among fruits 

and berries, blueberries, lingonberries, and cloudberries were valued for their storability 

without sugar. Apples and pears were more common in the southern parts and in Denmark 

(15).  

The current consumption of fruits and vegetables in the Nordic region falls short of the 

amounts recommended by food based dietary guidelines. In Norway, adults are estimated to 

consume less than 400 grams daily (34). According to recent reports, carrots, onions, 

tomatoes, and lettuce are the most consumed vegetables, while bananas, citrus fruits and 

apples are the most consumed fruits over the past decade (35). Data from 2022 commercial 

sales indicate that 3.1% of fruits and 53.4% of vegetables sold were produced in Norway. The 

proportion of domestically grown apples and pears were only 16.5% and 14.6 % respectively, 

while for carrots and swede, it was the 95.2 % and 99.8% (36). 

1.3.3.3 Dairy 

Milk is produced by the mammary glands of female mammals and is consumed by humans in 

various forms (28). The most consumed milk in the Nordic region is cow’s milk. Cow’s milk 

is a mix of approximately 3-4% proteins, 4% fat, and 5 % carbohydrates in the form of lactose 

suspended in water. Beyond direct consumption, milk serves as a raw material in the 

production of yogurt, cheese, creme and butter, which changes the nutritional composition of 

milk. For instance, cheese production involves coagulating casein proteins and separating it 

from the whey, resulting in a product richer in protein and fat and lower in water, water-

soluble nutrients, and lactose (28).  

Dairy products are commonly classified based on fat content into "high-fat" or "low-fat" 

categories, although there are distinctions within these groups. For instance, low-fat yogurt is 

typically defined as containing no more than 3% fat—a level comparable to that of whole 

milk—while low-fat milk is defined as having a fat content of no more than 1.8% (37). 

Additionally, dairy products are commonly categorized as either fermented or non-fermented, 

each encompassing a wide variety of products with diverse nutritional compositions such as 

cheese and yoghurt. In this thesis low-fat dairy products includes low-fat milk and yoghurt. 

The food based dietary guidelines, including the updated NNR2023, advice a daily intake of 

350-500 ml of low-fat milk and dairy products. This is due to their role as an important source 

of calcium, iodine, vitamin B12 and other micronutrients in the diet. The NNR2023 suggests 

that fermented and low-fat dairy products may contribute to a reduction in cardiometabolic 

risk factors, while high consumption of full fat milk could increase the risk of cardiovascular 

diseases (20, 29).  

In the Nordic region, dairy farming has been crucial for centuries, utilizing grazing areas 

unsuitable for other types of agriculture. The cool climate and short growing seasons, 

particularly in the northernmost parts of the region, necessitated food preservation, and it 

wasn’t until the 20th century that fresh milk became widely consumed. Historically, fermented 
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milk products were commonly consumed, often eaten together with cereals such as oats and 

barley (15).  

Since the 1980s, there has been a transition from whole-fat to low-fat milk varieties, and in 

the past ten years low-fat and skimmed milk have accounted for approximately 80 % of milk 

consumption. Over the years, yoghurt consumption has increased slightly, while cheese 

consumption has more than doubled since the 1950s (35).  

1.3.3.4 Fish 

The term “seafood” encompasses a variety of marine species, including fish, shellfish, 

seaweed, kelp, and marine mammals (28). In Norway, fish is the most consumed seafood, and 

for nutritional purposes, it is typically classified by its fat content. The fat content varies 

between types of fish and between seasons, but in this thesis lean fish is defined as fish 

containing < 4 grams of fat per 100 grams including fish such as cod, pollock, haddock, 

plaice, redfish, catfish and tuna, while fatty fish are defined as fish containing ≥ 4 grams per 

100 grams, including fish like trout, salmon and mackerel (38). Nutritionally, fish is like meat 

in relation to the low content of carbohydrate and high-quality complete protein. The fat in 

fish is primarily in liquid form, rich in omega-3 fatty acids (28).  

The food based dietary guidelines, reinforced in the latest NNR2023 scientific update, 

recommend consuming 300-450 grams of fish per week, with at least 200 grams being fatty 

fish (20, 29). This guidance is based on the high-quality protein and essential nutrients fish 

provides, including omega-3 fatty acids, iodine, selenium, vitamin B12, and zinc. The 

NNR2023 bases this recommendation on evidence linking fish consumption with a lower risk 

of CVD and lower all-cause mortality. There is also probable evidence suggesting a protective 

effect against cognitive decline and a lower risk of pre-term birth and low birth weight (20). 

However, concerns about environmental contaminants in fish persists, which may pose health 

risks (39). The Norwegian Scientific committee for food and environment (VKM) has 

however conducted a risk-benefit assessment of fish consumption and concluded that the 

benefits of increasing fish intake to the recommended levels outweigh the potential risk (40).  

Consumption of fish has longstanding traditions in the Nordics (15). In coastal regions, diets 

have historically included a higher consumption of fish, which was typically preserved 

through smoking, drying, and curing. Among these, cod, salmon, halibut and trout were 

considered higher-status fish compared to coalfish and haddock (15). Commercial sales data 

from 2022 indicate that cod and pollock account for 21 %, salmon and trout 21 %, mackerel 

and herring 8%, other types of fish 19%, and fish products, including sandwich spreads, 17 % 

of the total of fish and seafood sales (35).  

1.3.3.5 Red and processed meat  

Red meat is the edible part of mammals, including beef, mutton, goats, game and pork (28). 

Processed red meat is defined as meat that has undergone change by treatment such as curing, 

smoking, and salting, or by the addition of preservatives. While processed meat can include 
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poultry, the majority consists of red meats like pork and beef, including products such as cold 

cuts, sausages, ham, bacon and minced meat (if containing salt and additives) (28).  

Norwegian dietary guidelines recommend limiting red and processed meat to no more than 

500 grams per week (29). The NNR2023 advice keeping red meat consumption below 350 

grams per week, and minimizing processed meat intake as much as possible (20). These 

guidelines are based on the strong evidence demonstrated by the World Cancer Research 

Fund (WCRF) on the relationship between red meat and risk of colon cancer (41). The 

evidence concerning processed meat is valued as a convincing cause for colorectal cancer. 

The International Agency for Research on Cancer (IARC) classifies processed meat as 

carcinogenic for humans and red meat as probably carcinogenic, based on observational, 

animal, and mechanistic studies (42). 

Historically, beef, mutton, and goat were predominantly produced in Norway, whereas pork 

and poultry were more common in the southern part of the Nordic region. Social status 

greatly influenced the amount and type of meat consumed in the past- the elite enjoyed larger 

quantities of fresh meat, while peasants and the general population consumed smaller 

amounts often in the form of salted, dried, smoked or cured meats- what we now classify as 

processed meat (15).  

Today, pork is the most consumed meat in Norway, followed by poultry, beef, and smaller 

amounts of mutton and goat meat. The daily consumption of red meat among women in 

Norway is estimated at 92 grams per day (raw weight), representing the highest intake when 

compared to women in other Nordic countries (34). Additionally, the majority of Norwegian 

women are categorised as having low adherence to the recommended intake levels for 

processed meat according to a study assessing adherence to the food based dietary guidelines 

in Norway (43).  

1.4 Dietary pattern analyses 

Studying the relationship between diet and risk of NCDs and mortality is inherently complex. 

In addition to major challenges related to accurately measure food intake, the diet comprises a 

diverse combination of various complex foods (44). Every food item in a diet is composed of 

a complicated matrix that includes a multitude of nutrients and compounds, many of which 

remain unidentified. The nutrients they provide are also inseparable from the energy they 

contribute to the diet. Furthermore, food preparation and preservation techniques can change 

the nutritional profile of foods, which may, in turn, impact health (44).  

The challenge in isolating the effects of individual nutrients or foods on disease risk or 

mortality, has led to a shift towards a more holistic approach involving dietary pattern 

analyses within the field of nutritional epidemiology (45). This approach acknowledges the 

challenges that lies in the single food exposure and the inability to isolate the individual effect 

of one food from others often consumed together. This concept is often referred to as 

clustering, which occurs when the consumption of certain foods, such as fruits, is strongly 
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correlated with the intake of other foods, like vegetables. Another limitation with single food 

analyses in relation to health outcomes, is that it does not capture the synergetic effect of 

foods eaten together, as their combined effect might be greater than the sum of their 

individual effects. Dietary pattern analysis intends to address some of these complexities by 

including a broader segment of the total diet, more closely reflecting actual consumption 

patterns rather than focusing on individual foods (43, 46).  

Methods for dietary pattern analysis are typically categorized into two overarching 

approaches (45). The first, a posteriori analysis, is data-driven and uses statistical methods 

such as principal component and factor analysis, which condenses observed dietary data into 

components that explains the most variance. This approach identifies the most influential 

factors that explain differences in the dietary data of the study population, and identified 

patterns can then be used to investigate the relationship between dietary patterns and health 

outcomes (45).  

The second approach, a priori analysis, relies on existing literature or food-based dietary 

guidelines to establish predefined criteria that are used to define adherence to these dietary 

principles. This often involves the construction of an index which is a composite measurable 

indicator utilised to investigate the association between dietary patterns and disease risk or 

mortality (45). An index is designed by selecting and weighting components, which could be 

both foods, nutrients, or ratios between them, into a combined quantitative score (46). This 

approach is based on already existing knowledge on the association between single dietary 

components and health, with the aim to capture the combined impact of clustering and 

synergy (46). In the field of dietary pattern analyses in relation to all-cause mortality, a priori 

analyses is the most frequently used approach, in contrast to data-driven methods (47).  

Several indices have been developed for use in dietary pattern analyses, however, concerns 

persist regarding the capacity to conclusively determine the health benefits associated with 

dietary patterns (46). This is due to a lack of consistency in the methodologies employed, 

which limits the ability to compare and synthesize results effectively. The Dietary Patterns 

Methods Project has examined and standardised four dietary indices frequently used within 

US populations, with the objective of evaluating their association with all-cause, cancer and 

CVD mortality (46). They found that high adherence to all four indices- the Healthy Eating 

Index 2010 (HEI-2010), the Alternative Healthy Eating Index 2010 (AHEI-2010), the 

alternate Mediterranean Diet (aMED) score, and the Dietary Approaches to Stop 

Hypertension (DASH)- each developed to measure adherence to a distinct set of dietary 

recommendations, were consistently associated with lower mortality from all outcomes in 

men and women (46). This led to the conclusion that they were valuable tools for informing 

dietary recommendations.  

However, interpreting the association between a composite score, such as an index, and its 

relationship with disease or mortality comes with certain limitations. One key issue is that 

these indices may not fully capture the clustering of healthy dietary behaviours. This is 
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particularly true for participants who fall in the middle range of the scale. Those at the 

extreme ends—either with minimal adherence, meaning they do not meet any of the criteria 

defined for the intended dietary pattern, or with perfect adherence, meeting all criteria—

provide clear data points. For example, with an index like the HEI-2010, which measures 

adherence to food-based dietary guidelines, a minimum score indicates non-compliance with 

the guidelines, while a maximum score signifies full compliance. However, for individuals 

with a medium score, indicating partial adherence, the actual clustering of healthy foods can 

vary significantly. Person 1 might adhere to one set of guidelines, while Person 2 adheres to a 

completely different set, leading to diverse dietary patterns that are not distinguished by the 

index. Regarding the potential synergistic effects of foods that are commonly consumed 

together, such interactions are possible but not guaranteed, and it is not feasible to determine 

the presence or extent of any synergistic relationships within a composite index (48).  

Another challenge arises from the oversimplification inherent in these dietary indices. They 

often condense complex dietary information into broad categories or binary classifications, 

assigning the same values to all individuals within a category or to those with intakes above 

or below a certain threshold. This approach can mask nuances, as dietary intakes that are near 

the cut-off point may be more alike than those that fall within the same category.  

Ultimately, there is a trade-off between the dietary pattern approach and single food 

approaches. Analyses of single food items may provide a deeper understanding of the 

relationship between individual dietary components and the risk of disease and mortality. On 

the other hand, dietary pattern analyses employing a composite score offer a more 

comprehensive perspective on how broader segments of the diet are associated with these 

health outcomes. Both methodologies are alternative tools in the pursuit to examine the 

relationship between healthy Nordic diets and mortality. 

1.5 Operationalisation of the healthy Nordic diet 

This section will begin by introducing the HNFI as a tool for measuring the healthy Nordic 

diet, followed by the approach of non-linearity in single food group analysis. Lastly, the 

approach to dietary changes analyses will be introduced. 

1.5.1 The Healthy Nordic Food Index 

Various indices have been designed to measure compliance with a healthy Nordic diet. 

Among the extensively studied are the HNFI, which was applied in Paper I in this thesis, the 

New Nordic diet (NND), and the Baltic Sea Diet score (BSDS). While each index was 

designed to assess the healthy Nordic diet, variations in selection of components, construction 

methods and framework relating to what dietary information was available in the various 

study populations have led to differences between the indices, and between the same index 

adapted to different study populations. This reflects the same challenges met with different 

indices that were tested and standardised in the Dietary Patterns Methods Project (46). 
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Commonly all three indices include: i) intake of whole grains (Nordic varieties like rye, oat 

and barley if available in dataset), ii) intake of root vegetables, iii) intake of cabbages, iv) 

intake of apples and pears v) intake of fish. The maximum score represents a combination of 

food groups that are most closely aligned with the healthy Nordic diet, and the minimum 

score the lowest alignment. Additionally, the NND score includes meal patterns, intake of 

potato relative to rice and pasta, intake of game, unsweetened milk relative to fruit juice, and 

water relative to sweetened beverages. The BSDS also include intake of other fruits and 

vegetables, potatoes and low-fat milk, red and processed meat, and total fat (E%) as 

negatively scored components, and alcohol consumption below a maximum upper limit (E%). 

An overview of the foods included in these indices are presented in relation to the suggested 

Norwegian food based dietary guidelines and NNR23 in the Appendix C (24-26).  

Among these indices, the HNFI is the most straight forward, both in terms of the number and 

variety of components included, as well as the scoring methodology used. The HNFI 

exclusively incorporates foods considered to be healthy, omitting foods that are recommended 

for limited consumption. It does not account for nutrients or the ratios between included 

components such as the BSDS and the NND.  

The HNFI comprises six food groups that are part of the recommended healthy diet (depicted 

in the Appendix C). Regarding the scoring, the cohort median intake of the included 

components serves as the cut-off in the HNFI which is similar to the methodology used in the 

original Mediterranean diet score (49). Participants whose intake is above the cohort median 

for a given food component receive the score of one for that factor. The HNFI comprises six 

food components, and each component can be assigned a score of zero or one. Consequently, 

the total possible score ranges from zero to six.  

The HNFI was originally designed to explore the relationship between the healthy Nordic diet 

and mortality within the Diet, Cancer, and Health Cohort study in Denmark (25). The 

association observed in this study, which indicates that higher adherence to the HNFI is 

linked to lower all-cause mortality for both women and men, has subsequently been examined 

in other cohort studies. Roswall et al. found that adherence to the HNFI was associated with 

lower all-cause- and cancer mortality among Swedish women, although no association was 

observed with cardiovascular mortality (50). Additionally, a smaller study involving elderly 

men and women from northern Germany, demonstrated that adherence to the HNFI was 

associated with lower mortality (51). This finding of lower mortality with high adherence to 

the HNFI was also observed in a larger cohort within the European Prospective Investigation 

into Cancer and Nutrition (EPIC) (52). 

However, a study that compared the HFNI with a healthy Mediterranean diet score in relation 

to mortality in Swedish women, suggested that the Mediterranean diet score had an 

advantage. This might be due to the fact that the Mediterranean score included a broader 

variety of fruits and vegetables, legumes, fermented dairy products, and use of olive or 
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rapeseed oil in addition to the HNFI components, and it also takes into accounting the 

consumption of red and processed meats and alcohol (53).  

Building on these results, it appears that adherence to the healthy Nordic diet, as measured by 

the HNFI, may be beneficial to overall health, much like what has been found in relation with 

the BSDS and other dietary indices (46, 47, 54). How to interpret the significance of a higher 

index score for public health, considering the variability in high-scoring component intakes 

across different cohorts and populations, still remains a challenge. 

1.5.2 Non-linearity of food groups in the healthy Nordic diet  

The relationship between food and nutrient intakes and the risk of disease is often 

characterised by a U-shaped curve. This means that both low and high amounts or 

concentrations can increase the risk of disease compared to an optimal intake level (29). 

The optimal intake level of foods in relation to health is typically defined as the consumption 

level associated with the lowest all-cause mortality, as per the Global Burden of Disease 

Study (GBD) and WHO guidelines (55). Studies of dietary patterns and mortality with the use 

of composite diet scores like the HNFI, have not been focusing on determining optimal intake 

levels, as the objective of these composite measures is quite the opposite—to step back from 

the details in order to capture a broader view.  

However, the use of cohort-defined cut-offs which may be unrelated to optimal intake levels 

in the construction of the HNFI may partly explain why adherence to the index has not 

consistently demonstrated effective in relation to disease prevention. Studies have shown no 

significant relationship between high adherence to the HNFI and reduced risk of metabolic 

syndrome, cardiovascular disease (CVD), colorectal cancer, breast cancer, or type 2 diabetes 

in certain populations (56). Similarly, in Swedish women, adhering to the HNFI no 

association with lower risk of CVD (57), colorectal cancer (58), or breast cancer was 

observed (59). Additionally, a study within a nested Swedish cohort observed no association 

between metabolites, used as biomarkers for a healthy Nordic diet as measured by the HNFI, 

and risk of developing type 2 diabetes (60). Conversely, among Danish women, higher 

adherence to the HNFI has been linked to a lower risk of stroke (61), colorectal cancer (62), 

and lower risk of type 2 diabetes in women (63).  

When looking at the individual food groups in the HNFI, the Danish cohort study found that 

only a higher intake of the whole grain rye bread (≥63 g/day) component of the HNFI was 

linked to lower mortality in Danish men, while in Danish women, only greater consumption 

of cabbages (≥16 g/day) and root vegetables (≥29 g/day) was associated with lower all-cause 

mortality (25). In the Swedish cohort, only the intake of the whole grain bread component 

above the cohort's median was associated with lower mortality in women (50). Yet, qualifying 

for higher adherence to the HNFI, does not necessarily require an increased intake of the 

foods that are individually associated with lower mortality, except at the maximum index 

score. Consequently, the risk estimates derived from such analyses comparing high versus 
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low adherence category for instance could reflect different combinations of HNFI 

components, and a score of 3 could represent two distinct dietary patterns.  

This inconsistency in results related to the HNFI could possibly be related the hypothetical 

scenario illustrated in Figure 4. If the relationship between the food groups included and all-

cause mortality follows a non-linear curve—indicating that both low and high levels of intake 

are associated with increased mortality—a positive score on the HNFI could encompass 

individuals at both lower and higher risk of mortality. Consequently, this would not 

accurately reflect the optimal impact of the healthy Nordic diet on mortality.  

 

Figure 4 Hypothetical scenario of a non-linear association between food group intake and mortality in relation to 
the cohort median value 

By Kari Wagelid Grønn 

In a systematic review and meta-analysis of prospective studies, non-linear associations were 

observed between the consumption of fruits, vegetables, nuts, and dairy products and all-

cause mortality (64). The study estimated that the impact of optimal consumption of whole 

grains, vegetables, fruits, nuts, legumes, and fish, and a reduced intake of red and processed 

meats, was associated with an 80% reduction in the relative risk of premature mortality (64). 

The study concluded that choosing optimal intake levels of food groups can have a significant 

impact on reducing the risk of premature mortality, with no additional mortality benefit 

observed beyond this point (64). Furthermore, it was underlined that the most effective 
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approach in a public health perspective, is to analyse food groups rather than nutrients, and to 

establishing optimal intake levels in relation to all-cause mortality (64). 

The optimal intake levels of healthy Nordic food groups in the context of a healthy Nordic 

diet in Nordic populations is not well understood.  

1.5.3 Towards a healthy Nordic diet  

The updated NNR2023 guidelines suggest a further reduction in the consumption of meat, 

including poultry, to a maximum of 350 grams per week, down from the previously advised 

500 grams for red and processed meat, for both health and environmental reasons (65). Thus, 

NNR2023 promotes a significant shift away from the current consumption levels of red and 

processed meat towards other dietary sources with a more favourable nutrient composition to 

maintain a stable energy intake (65).  However, there is a lack in evidence to determine which 

protein sources should replace meat in order to inform public health guidelines (65).  

Fish, of which it is recommended to increase the consumption, stand out as a suitable 

replacement offering not only high-quality proteins but also essential micronutrients like 

vitamin A, zinc, selenium, and vitamin B12. Fatty fish provides essential omega-3 fatty acids 

and vitamin D, while lean fish is a primary source of iodine in the Norwegian diet, potentially 

reducing the risk of suboptimal iodine intake among women in Norway.  

A meta-analysis of prospective studies concluded that substituting red and processed meat 

with total fish was associated with lower all-cause mortality, although it did not significantly 

impact the incidence of CHD (66). The potential health impacts of replacing red and 

processed meat with lean or fatty fish are however, not documented well in the research. 

Additionally, there is a lack of clarity regarding the effects of unprocessed red meat 

consumption on mortality within the Nordic population (65). The health outcomes associated 

with the consumption of fatty versus lean fish also remain unclear (67).  

Contrary to the guidelines proposed by NNR2023, the trends in meat and fish consumption 

over the past century have moved in the opposite direction in Norway. There has been a 

notable increase in meat consumption, which has increased from 28 to 60 kilograms per 

capita per year. While, fish consumption has declined, from 26 to 12 kilograms per capita per 

year (35). To gain deeper insights into how shifting from the current high-meat diet towards 

the healthy Nordic diet might influence mortality, specified substitution analyses serve as a 

viable alternative when dietary interventions are not feasible.  
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2 Rationale and aims of the thesis 

The existing literature on healthy Nordic diets and longevity is constrained by the reliance on 

a priori constructed food indices that provide a broad understanding of the healthy Nordic diet 

and health. Data-driven analyses of dietary patterns in the Nordic countries suggest that while 

similar dietary patterns exist across Scandinavian countries, they may reflect subtle cultural 

differences, pointing to a need for country specific analyses (68).  

There is a knowledge gap on the unique contributions of individual food groups that are 

integral to healthy Nordic diets and their associations with mortality, as well as the impact on 

mortality of replacing meat with alternative protein sources in such diets given that processed 

meat is a significant component of dietary patterns in the Nordic countries.   

The overall aim of this thesis was to explore adherence to the healthy Nordic diet measured 

with the HNFI, and to explore the association between food groups part of the healthy Nordic 

diet and all-cause mortality using data from NOWAC. Additionally, the thesis aimed to 

investigate the potential benefits of changing towards a healthy Nordic diet by replacing red 

and processed meats - which are typically linked to the unhealthy part of the dietary pattern in 

Norway - with either lean or fatty fish, both of which are known for their health-promoting 

properties in the healthy Nordic diet. 

The specific objectives of this thesis were: 

• To assess adherence to the HNFI, and to explore dietary composition and lifestyle 

factors associated with adherence to the index 

• To evaluate the potential non-linear associations between food groups part of a healthy 

Nordic diet and all-cause mortality  

• To examine the impact of replacing red and processed meat with lean and fatty fish on 

all-cause and cause specific mortality  

By addressing these objectives, this thesis aims to contribute to the current understanding of 

healthy Nordic diets and their potential as a sustainable approach to address public health 

challenges with NCDs.  
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3 Material and Methods 

The results included in this thesis are based on a cross-sectional analysis (Paper I) and two 

prospective cohort studies (Paper II and Paper III), with data derived from NOWAC. 

3.1 The Norwegian Women and Cancer study 

The Norwegian Women and Cancer (NOWAC) study is a nationwide prospective cohort 

comprising over 170,000 participants and has previously been described in detail by Lund et 

al. (69). In brief, it was initially established with the aim of providing unique opportunities to 

conduct epidemiological cancer research in Norway. Including a national representative 

sample of women randomly selected from the Norwegian Central Population Registry, 

NOWAC provides external validity for estimating relative risks and attributable risks which is 

of interest to public health (70).  

Recruitment for the study occurred in batches between 1991 and 2007. Participants completed 

a self-administered questionnaire on various factors such as hormonal and reproductive 

history, smoking and alcohol consumption, tanning habits, socio-economic status, height and 

weight, physical activity, participation in mammography screening, family history of breast 

cancer, other illnesses, and self-reported health. Follow-up questionnaires were sent to some 

participants, and most of the questionnaires included four pages of food frequency questions. 

3.1.1 Study sample  

The baseline data for this thesis comprises the first mailings of the NOWAC study from 1996 

to 1997 and 2003 to 2004, and the second mailing from 1998 to 1999 of participants enrolled 

in 1991 to 1992 who had not received a FFQ questionnaire at enrolment. The response rates 

for the first and second mailings were 57% and 81%, respectively, with a total of 101 321 

women between the ages of 41 to 76 completing questionnaires that included the food 

frequency questions. After the publication of Paper I, five women withdrew from the 

NOWAC study, leaving 101,316 women eligible for inclusion in the last two papers.  

In Paper I, after excluding participants with implausible energy intake, missing information 

on the HNFI components, and missing values on important covariates, our analyses included 

a total of 81 516 participants. In Papers II and III, we excluded those with zero follow-up 

time, implausible energy intake and missing values on important covariates resulting in a final 

sample of 83 669 participants in Paper II and 83 304 in Paper III. In Paper III, non-consumers 

of processed meat, of unprocessed red meat and of red and processed meat combined were 

excluded for the respective specified substitution analyses resulting in a study sample of 

81 374 for processed meat, 77 597 for unprocessed red meat and 82 245 for red and processed 

meat combined.  
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3.2 Exposures 

Dietary assessment 

We evaluated dietary patterns and Nordic food groups through semi-quantitative Food 

Frequency Questionnaires (FFQs) designed to reflect the typical dietary habits of Norwegian 

women over the previous year, with special attention to traditional food items and fish intake. 

The FFQs provided participants with predetermined frequencies and portion sizes, using 

checkboxes for response alternatives with 4-7 frequency options. For certain food items, it 

was also inquired about usual serving sizes, with participants indicating their typical 

consumption in natural units (Figure 5). 

                               

Figure 5 Example from the NOWAC FFQs regarding questions on vegetable consumption and portion sizes 

 

Standard portion sizes and weights from the Norwegian Weight and Measurement Table (71) 

was used to translate these food item intakes into grams. The energy and nutrient content of 

the foods were sourced from the Norwegian Food Composition Database (72). 

The daily consumption of food items, along with their energy and nutrient contributions was 

calculated, using a specialized SAS statistical syntax developed by the Department of 

Community Medicine at the University of Tromsø, specifically for NOWAC. 

In instances of missing data, conservative assumptions were employed: unreported 

frequencies were interpreted as non-consumption, and absent portion sizes were defaulted to 
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the smallest option provided. For composite question like apples/pears, we generated single 

food item amounts by applying frequency weights derived from a 24-hour dietary recall study 

conducted within the NOWAC cohort (73). 

This thesis examines the HNFI and four key food groups that are representative of a healthy 

Nordic diet. It is important to note that these food groups do not cover the entire range of 

foods that comprise the healthy Nordic diet, rather our analyses were based on the 

information collected and available from the FFQs in the NOWAC study as visually 

illustrated in Figure 6.  

 

                        

Figure 6 The FFQs coverage of foods included in the healthy Nordic diet in this thesis. The sizes of the circles are 
not in proportion to the actual coverage 

 

The included food groups which are essential components of the healthy Nordic diet include 

fish, whole grain products, Nordic fruits and vegetables and low-fat dairy products. The last 

two papers provide further subdivision for fish, distinguishing between lean and fatty 

subtypes, while the first paper subdivides Nordic fruits and vegetables into three overarching 

subgroups: root vegetables, cabbages, and apples/pears.  

Although dairy products are an important part of a Nordic diet, they have not consistently 

been included in analyses of a healthy Nordic diet due to a weaker or less certain association 

with positive health outcomes (74). However, low-fat milk is included in the BSDS and was 

deemed an important food group to include in this project on Nordic diets (54).  

Lastly the fifth food group examined in this thesis was red and processed meat, which 

constitutes a significant component of the diet in Norway (20). Table 1 gives an overview of 

the foods included as exposures in the thesis.  

 

Total 

dietary 

intake  

Broader 

range of 

foods to 

incorporate 

in the 

healthy 

Nordic diet  

Healthy 
Nordic foods 
captured by 
the FFQs  

Dietary intake 

captured by 

the FFQs (≈ 

80 % of total 

energy) 

intake) 
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Table 1 Food items included as exposures in the thesis, number of frequency questions in the FFQs used to 
calculate intake and variable handling 

Food items 

(total 

number of 

frequency 

questions in 

FFQs 

Number of 

frequency 

questions in 

FFQs 

Description of FFQ 

questions  

Paper I Paper II Paper III 

Variable handling (gram per day) 

Fish (14) Lean fish (6) * Poached Cod/pollock/ 

Saithe   

Fried Cod/pollock/ 

Saithe 

Catfish/flounder/redfish 

Dichotomized 

by cohort 

median 

Continuous 

Categories:  

< 15, 15-29, 

30-44, ≥30 

Continuous 

per 20-gram 

increment  

 

Processed:  

Fishcakes 

Fishfingers  

Tinned tuna 

  

Fatty fish (6) 

* 

Salmon/trout 

Mackerel 

Herring 

Dichotomized 

by cohort 

median 

Continuous 

Categories:  

< 5, 5-14,  

15-29, ≥30 

Continuous 

per 20-gram 

increment 

Processed:  

Mackerel in 

tomato/smoked 

Salmon, smoked/cured, 

Herring/anchovies 

 

Fish spread 

(2) 

Caviar* 

Other fish spread* 

  

Fruits and 

vegetables 

(6) 

Root 

vegetables (2) 

* 

Carrots                               

Swede 

Dichotomized 

by cohort 

median 

Continuous 

Categories:  

< 100, 100-

199, 200-

299, ≥300 

 

Cabbages (2) 

* 

Cabbage     

Broccoli/cauliflower 

Dichotomized 

by cohort 

median 

Apples/pears 

(1) 

Apples/pears Dichotomized 

by cohort 

median 

Mixed frozen 

vegetables (1) 

* 

Frozen vegetables 

(typically a mix of carrots, 

broccoli, and cauliflower) 

 

Whole grain 

products (2) 

Whole grain 

bread (1) 

Whole grain bread Dichotomized 

by cohort 

median 

Categories: 

< 60, 60-

119, 120-

179, ≥180 

 

Breakfast 

cereals (1) 

Cereal/oatmeal/muesli Zero 

intake/any 

intake 

 

Dairy (3) Skimmed milk 

(1) 

Skimmed milk (0,1% fat)  Continuous 

Categories: 

Non-

consumers,  

< 200, 200-

399, ≥400 

 

Semi 

skimmed milk 

(1) 

Skimmed milk (1-1,5 % 

fat) 

Yoghurt (1) Yoghurt (0-3 % fat) 

Red meat 

and 

processed 

meat (6) 

Red 

unprocessed 

meat (3)* 

Beef   Continuous 

per 20-gram 

increment 
Chops 

Roast 

Sausages/ wiener sausages   
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Food items 

(total 

number of 

frequency 

questions in 

FFQs 

Number of 

frequency 

questions in 

FFQs 

Description of FFQ 

questions  

Paper I Paper II Paper III 

Variable handling (gram per day) 

Processed 

meat Sausages 

(3) * 

 

Meatballs/hamburgers Continuous 

per 20-gram 

increment Sandwich meat, liver pate 

* Separate portion size question in the FFQs 
 

3.2.1 The healthy Nordic food Index (Paper I) 

In Paper I, the HNFI, developed by Olsen et al., was applied to examine the dietary patterns 

of the NOWAC study participants (25). The purpose of the HNFI is to provide a composite 

measure that reflects the degree to which an individual’s diet aligns with the criteria of the 

healthy Nordic diet. Figure 7 illustrates how the HNFI was applied in NOWAC.  

 

Figure 7 Construction of the HNFI in NOWAC 

To compute the index score for each participant, the intake of each food item included in the 

index-fish, root vegetables (carrots and swede), cabbages (cabbage, broccoli/cauliflower), 

apples/pears, whole grain bread, and breakfast cereals- was divided by the cohort median. 

Participants who had intakes above the cohort median were assigned the score of 1, while 

those who consumed equal to or less than the cohort median were assigned the score of 0. For 
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breakfast cereals, where the median consumption was 0, the score of 1 was assigned to all 

participants who consumed any amount of breakfast cereal. Finally, the scores assigned for 

the six food groups were summed up to obtain a score ranging from 0 to 6. Participants with 

scores of 0-1 were classified as low adherers, those with scores of 2-3 were classified as 

medium adherers, and those with scores of 4-6 were classified as high adherers (Figure 6). 

3.2.2 Healthy Nordic food groups (Paper II) 

The objective in Paper II was to analyse the full intake range within each food group 

exposure, moving beyond the binary categorization used in the calculation of the HNFI, to 

assess the association between central components of the healthy Nordic diet and all-cause 

mortality. The aim was to evaluate the influence of these food groups on all-cause mortality 

within the context of a healthy Nordic diet and to investigate the relationship between 

different levels of intake and all-cause mortality allowing for non-linear associations. 

We investigated the impact of the healthy Nordic food groups - lean fish, fatty fish, Nordic 

fruits, and vegetables (including root vegetables, cabbages, mixed frozen vegetables, and 

apples/pears), and low-fat dairy products- as continuous variables, measured in grams per 

day, and as categorical variables. Whole grain products (including whole grain bread and 

breakfast cereals) were only analysed categorically, as it could not be included as a 

continuous variable (Table 1).  

Our analysis was particularly focused on investigating the potential differences in mortality 

associated with the consumption of lean versus fatty fish. To this end, we concentrated on 

pure fish foods that were free from other ingredients and could be clearly identified as either 

lean or fatty fish. Consequently, we separated the fish component of the HNFI into two 

distinct categories. We excluded fish spreads from our analysis due to their potential mixture 

with non-fish ingredients, such as tomatoes in mackerel in tomato sauce. Additionally, we 

omitted items like caviar and "other fish" that do not fit into the categories of lean or fatty 

fish. 

To assess Nordic fruits and vegetables as a continuous exposure, we combined root 

vegetables, cabbages, and apples/pears, including mixed frozen vegetables that typically 

consist of carrots (a root vegetable element of the HNFI), broccoli, and cauliflower (the 

cabbage elements of the HNFI) into a singular exposure. 

Moreover, we incorporated low-fat dairy products as an additional food group beyond what is 

included in the HNFI for our analysis.  

3.2.3 Red and processed meat and lean and fatty fish with inclusion of 
processed fish, for specified substitution analyses (Paper III) 

The primary objective of the final paper was to assess the impact of substituting a perceived 

unhealthy component of the typical Norwegian diet with food components that is part of the 



 

28 

healthy Nordic diet. In line with this aim, we included red and processed meat as a food group 

in the examination of the healthy Nordic diet. 

Consistent with the approach in Paper II, we also analysed lean and fatty fish as distinct 

exposures in Paper III. However, to supplement the analyses from Paper II, we integrated 

processed fish into the lean and fatty fish categories in these analyses. This approach enabled 

us to investigate the association between lean and fatty fish consumption in accordance with 

the recommendations set forth in our dietary guidelines which includes processed fish (29). 

We did not include red and processed meats or lean and fatty fish that were part of mixed 

dishes such as soups and stews in our analyses. Table 1 provides a detailed summary of the 

food items included.  

In Paper III, red and processed meat were analysed both individually and as a combined 

exposure. The meat and fish variables were treated as continuous exposures, with the analyses 

conducted in increments of 20 grams per day for individual exposure assessments, and 20 

grams was used as the unit of substitution. The unit of 20 grams were chosen as this amount 

roughly equates to a serving size of meat or fish typically used on bread. Similarly, when 

evaluating the potential associated impact of replacing red and processed meat with 

equivalent servings of lean or fatty fish, the substitutions were quantified in 20-gram per day 

(Figure 8). 

 

 

Figure 8 Exposures for specified substitution analyses of one unit increased lean or fatty fish and one equivalent 

unit reduced red or processed meat 

3.3 Outcomes 

The outcome of interest in Paper II and Paper III was mortality, including all-cause mortality 

and death attributed to cancer, and CVDs (ischemic heart disease (IHD) and stroke)), which 

are major subtypes of CVDs associated with atherosclerosis.  
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Mortality outcomes were classified according to the International Classification of Diseases, 

10th Revision codes (ICD-10), including malignant neoplasms at all sites (C00-C97), IHD 

(I20-I25), and stroke (I60-I69). NOWAC study participants' death records were obtained by 

linking their unique personal identity number to the Norwegian Cause of Death Registry.  

In Norway, the quality of the register data is high, with extensive coverage indicating that the 

register covers a large proportion of the population. Additionally, the completeness of the 

register, which refers to the registers ability to attain information about the individuals 

included, is good. Overall, the Norwegian Cause of Death Registry contains medical 

information on more than 98% of the deaths (75).  

3.4 Covariates 

Other variables considered in the analyses are described in the following.  

Sociodemographic covariates 

Information regarding participants’ age (in years) was sourced from the National Population 

registry of Norway. Educational attainment was based on the self-reported number of years of 

schooling completed. In Paper I the region of residence within Norway was segmented into 

six regions: Oslo (the capital), East, South, West, Middle, and North. In the last two papers 

information on region of residence was omitted due to anonymisation of data. 

Physical activity 

The physical activity was estimated from self-reported data, where participants were asked to 

rate their current level of physical activity on a scale from 1, specified as “very low”, to 10, 

meaning “very high”. This scale accounted for physical activity at home, work, exercise, and 

walking. It has previously been validated as a reliable method for ranking physical activity 

levels among adult Norwegian women (76). 

Smoking 

The smoking variable was calculated using responses to questions about participants’ 

smoking history, including whether they had ever smoked and if they were current daily 

smokers, and information about smoking intensity in five-year or ten-year periods. Those who 

reported they had smoked but were not current smokers were classified as former smokers. 

The intensity of smoking among former or current smokers was considered in Paper II and III 

and was assessed based on the age at which participants began smoking and their cumulative 

exposure measured in pack-years. Pack-years were determined by dividing the daily number 

of cigarettes smoked by 20 (the typical number of cigarettes in a pack) and then multiplying 

by the total number of years the individual had smoked.  

Body mass index 

Body Mass Index (BMI), expressed in kilograms per square meter (kg/meters2), was 

calculated using self-reported weight (in kg) and height (in cm). Self-reported measures of 
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weight and height have been shown to be a reliable means of ranking BMI among middle-

aged Norwegian women (77). 

Type 2 diabetes (Paper III) 

Information on the prevalence of type 2 diabetes was self-reported and collected from the 

lifestyle questionnaires. Participants were asked whether they have been diagnosed with 

diabetes (yes), and missing values were treated as no. The questionnaire did not distinguish 

between different types of diabetes, but a previous validation study found that 89.4 % of the 

diabetes cases that were identified were type 2 diabetes (78).  

Dietary factors 

Total energy intake, alcohol consumption (grams/day), and intake of other foods (grams/day) 

was captured through the FFQs which has been described more in detailed in section 3.2.  

Subcohort  

The FFQs have been slightly modified over the years in response to new hypotheses, the 

introduction of new food products, and the withdrawal of others from the market over the 

nearly 10-year period of data-collection. The number of items in the FFQ have broadly ranged 

between seventy to ninety frequency questions, resulting in minor variations between 

different versions of the FFQ (79). For stratification purposes, those FFQs completed within 

closer chronological proximity were grouped into five categories. These groups, or 

subcohorts, were included as a stratification variable in the statistical analyses.   

3.5 Statistical analyses 

For Paper I, the focus was on descriptive analyses based on cross sectional data, whereas 

Papers II and III involved time-to-event analyses to explore the relationship between Nordic 

food groups consumption, as well as substitution of food groups within the Nordic diet and 

mortality outcomes. We defined a statistically significance threshold of 5% (p < 0.05) in all 

papers. All statistical analyses were performed using Stata/MP software, version 14.0 (Paper 

1) and version 16.0 (Papers II and III).  

3.5.1 Cross-sectional analyses (Paper I) 

To gain a better understanding of the overall diet in relation to adherence to the HNFI-score, 

Paper I analysed both the absolute intake, as well as energy-standardised intake, of certain 

non-index foods and nutrients. These dietary factors included the intake of macronutrients 

(protein, carbohydrates, total fat, polyunsaturated fatty acids, monounsaturated fatty acids, 

saturated fatty acids, trans-fatty acids, and alcohol) as percentages (E%) of the total energy 

intake.  

Non-index foods included other fruits and vegetables (oranges, bananas, other fruits, 

tomatoes, salad greens, mixed vegetables, and other vegetables), dairy products, red and 

processed meat, white meat (chicken), and potatoes. Nutrients included sodium, added sugar, 
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fibre in addition to some essential micronutrients like vitamin D, folate, selenium, zinc, and 

iron. The micronutrient intakes were compared to the average requirement (AR) (18).  

The AR represents the daily nutrient intake level estimated to meet the needs of half the 

individuals in the general population. It is commonly used as a measure to determine whether 

the nutrient intake within a group is adequate. The AR is used to calculate the recommended 

intake level, which is the average intake estimated to meet the needs of 97.5 % of the 

population (18).  

Non-parametric trend tests 

The non-parametric Jonckheere-Terpstra test (referred to as the nptrend test in Paper I) was 

used to analyse trends across ordered groups. Specifically, it was applied to investigate trends 

in the consumption of food groups included in the HNFI, as well as non-index foods and 

nutrients, across levels of adherence to the HNFI. The lowest level of adherence was used as 

reference group. This test was also applied to the energy-standardised intake of non-index 

foods and nutrients, and to evaluate participant characteristics such as age, education, BMI, 

physical activity, and smoking status across the adherence categories.  

Multinominal logistic regression  

While the Jonckheere-Terpstra test is used to test for trends across ordered adherence 

categories, multinominal logistic regression allows for the estimation of effect sizes. The 

regression method is appropriate when the dependent variable includes three or more 

categories. It was applied to calculate the Relative Risk Ratios (RRRs) and 95 % CI for 

various participant characteristics. The coefficients represent the “risk” of being in a specific 

adherence category relative to the reference category, per one-unit increase in the predictor 

variables.  

The lowest adherence category was defined as reference group. We applied two distinct 

regression models estimating the associations between adherence categories of the HNFI and 

the participants age, education, BMI, physical activity levels, smoking status, and region of 

living. The partially adjusted model was adjusted for total energy intake (continuous), age 

(segmented into four categories: 41-50, 51-60, 61-70, 71-76 years), and subcohorts (n=5). The 

fully adjusted model additionally included education (<10, 10-12, >12 years of schooling); 

BMI (< 20, 20–24.9, 25–29.9, ≥ 30 (kg/m2)); Physical activity levels (low, moderate, high); 

smoking status (never, former, current) and region of living (Oslo, East, south, West, Middle, 

North). 

3.5.2 Cox proportional hazards regression models (Papers II and III) 

To model time-to-event (death from any cause in Paper II, and death from any cause, death 

due to CVDs or cancer in Paper III) we used Cox proportional hazards regression models to 

estimate hazard ratios (HRs) with 95% confidence intervals (CI), using age as the time metric. 

Participants were tracked until they died, emigrated, or until the study ended (December 2018 

for Paper II; December 2019 for Paper III). The proportional hazards assumption was mainly 
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evaluated by Schoenfeld residuals, and visually using log-log plots. The selection of 

covariates for inclusion in the analyses was based on existing literature. Variables that were 

thought to be common causes of both the exposures and the outcomes were included in our 

main models. This identification was guided using Directed Acyclic Graphs (DAGs) which 

graphically illustrates causal relationships between variables (80). 

3.5.2.1 Adjustment models  

In Paper II, we identified the fully adjusted model as the main model for estimating the 

association between healthy Nordic foods and all-cause mortality. However, in paper III we 

considered the model which controlled for confounders, but was not fully adjusted, as the 

main model. The rationale for this choice was that the fully adjusted model, which also 

controlled for other foods and variables that might act as potential mediators or confounders, 

did not significantly alter the estimates. Therefore, we opted for the parsimonious model for 

simplicity.  

Age, which was the underlying time metric, and subcohorts (divided into 5 categories) were 

controlled for in all models. Subcohorts were incorporated in the models as a strata variable, 

which allows the hazard to vary over the subcohort categories, while maintaining a consistent 

estimation of the exposure across all subcohort categories. In Paper III energy intake 

(continuous) was included in all models, while in Paper II energy intake was included in the 

fully adjusted model.   

The fully adjusted model in Paper II, and the main model in Paper III adjusted for physical 

activity (categorized as low (≤4), moderate (5–6), or high (≥7)), smoking categorized as never 

smokers; current heavy smokers who started smoking before the age of 20 and with 20 or 

more pack-years; current moderate smokers who started smoking before the age of twenty 

with 0-19 pack-years; current smokers late starter (women who started smoking after the age 

of 20), former smoker early starter (smoking initiation before the age of 20), and former 

smoker late starter (smoking initiation after the age of 20)), and alcohol intake (categorized as 

non-consumers; low consumers (0–5 gram/day) and higher consumers (> 5 gram/day)). 

Education was controlled for in both papers but were divided in three groups in Paper II 

(< 10, 10–12, > 12 years of schooling), and in four groups in Paper III (7–9, 10–12, 13–16 and 

≥ 17 years of schooling).  

Additionally in Paper II, the fully adjusted model also controlled for BMI groups (< 20, 20–

24.9, 25–29.9, ≥ 30 (kg/m2)), and processed meat which was divided into four categories 

(< 15, 15–29, 30–44, ≥ 45 g/day).  

The fully adjusted model in Paper III additionally controlled for fruits and vegetables, dairy 

products, whole grain products, refined grain products, potatoes (continuous), BMI groups 

(< 20, 20–24.9, 25–29.9, ≥ 30 (kg/m2)) and diabetes (yes/no).  
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3.5.2.2 Linear trend over categories (Paper II) 

To test for a potential linear trend over consumption categories of the healthy Nordic foods in 

relation to all-cause mortality, a new variable was created by assigning the median intake 

value of each category to all participants within that category. Consequently, the estimated 

associations derived from these analyses remains constant for all consumption levels within 

each category, which gives a limited insight to the relationship across the entire range of 

consumption. To gain a more comprehensive understanding of these associations, we 

conducted subsequent analyses, maintaining the exposure variables as continuous measures, 

using Restricted Cubic Splines (RCS) described in section 3.5.2.4. 

3.5.2.3 Interaction  

Interaction terms were explored with a careful approach to avoid models that are overly 

complex. To test for interactions, we included interaction terms in the statistical models and 

evaluated the fit of models with and without these terms using likelihood-ratio tests. In Paper 

II, we examined potential interactions between smoking status and the Nordic food groups 

based on previous research on dietary patterns in NOWAC (81). Interaction terms were tested 

in the mutually adjusted categorical models. If the inclusion of the interaction term resulted in 

a model that fitted the variability in the data better- as evident by a significant likelihood-ratio 

test- we conducted separate analyses for ever smokers and never smokers.  

3.5.2.4 Restricted cubic splines (Papers II and III) 

The default assumption in regression models is linear associations, although this is often not 

the case in the relationships between nutrients/foods and health. To explore the potential for 

non-linear relationships across various consumption levels of healthy Nordic food groups 

(Paper II), as well as lean fish (including products with non-fish ingredients), fatty fish 

(including products with non-fish ingredients), and red and processed meat (Paper III) in 

relation to mortality outcomes, we used RCS to model the exposures in these studies. 

When linearity between exposure and outcome is uncertain, splines offer a flexible method to 

model the association by transforming the exposure variable into piecewise non-linear 

functions. Within each interval, a separate curve is fitted by cubic polynomials, while the 

overall curve connects smoothly at the intersection points known as knots. Linear functions 

are applied before the first and after the last knot, enhancing the model's performance with 

extreme data values. The number of knots determines how many intervals the exposure 

variable is divided into. It is recommended to determine the position of the knots by 

percentiles (82). The number of knots can be chosen based on the Akaike information criteria 

(AIC), which is a measure based on goodness of fit (82). Models with the lowest AIC score 

are indicative of a better fit to the data, as they effectively balance model complexity with 

goodness of fit. 

In our analyses, the placement and number of knots were determined based on percentiles, 

and by evaluating models with varying numbers of knots using the AIC. We compared 
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models with five, four, and three knots, selecting the model with the lowest AIC value to 

avoid overfitting. The models with three knots provided the best fit for our data, with knots 

placed at the 10th, 50th, and 90th percentiles.  

We evaluated potential non-linear associations by visually examining plots that display the 

spline and tested it statistically by the Wald test. The Wald test assesses whether the inclusion 

of higher-level polynomial functions of the spline intervals provides a statistically 

significantly better fit compared to its linear components. If the Wald test is statistically 

significant, the null hypothesis of linearity is rejected, which supports that the relationship is 

non-linear.    

3.5.2.5 Specified substitution analyses (Paper III)  

Ibsen et al. describes two main statistical methods for examining changes in dietary 

composition with substitution models (83). When adjusted for total energy intake, the first, a 

non-specified substitution model (standard single food group analyses), assesses the impact of 

increasing consumption of a food of interest, without identifying which foods are reduced. 

This approach was utilised in Paper II. The second, a specified substitution model, which was 

applied in Paper III, investigates the associations of specific changes in dietary composition- 

increasing intake of lean or fatty fish while reducing red or/and processed meat consumption 

within a stable energy intake.  

The specified substitution model can be executed using two equivalent methods. We adopted 

the “Leave one out” method, which involves including a composite variable that includes the 

target exposures (lean fish, fatty fish, and red and processed meat), along with other related 

food groups such as other types of fish and meats (e.g., white meat). All food groups included 

in the composite variable, except the one being substituted, are additionally included as single 

exposures in the Cox regression models. Alternatively, one could include all these food 

groups in the Cox regression models and determine the estimate for substitution by 

subtracting the beta coefficients of the foods being replaced.  

Specified substitution analysis can be conducted as a between-person comparison using cross-

sectional data (Paper III), or within individuals using repeated measurements. The estimated 

HR can be interpreted as the combined risk of dying within the study period, associated with a 

dietary shift towards more lean or fatty fish and away from red or processed meat, while 

maintaining the same energy intake. 

In our analyses, substitutions were defined in terms of food weight, replacing 20 grams per 

day of red or/and processed meat with an equivalent weight of lean or fatty fish. This 

approach simplifies the interpretation from a public health standpoint but does not account for 

the residual energy difference in the model. For example, substituting 20 grams of processed 

meat with 20 grams of lean fish may result in a substantial energy discrepancy, as the caloric 

content of processed meat is higher than that of lean fish. This unaccounted energy must then 

be compensated for by other foods not controlled for. If the substitution unit was defined by 
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energy content, the model would estimate the impact of replacing an amount of red and 

processed meat with a certain energy content with an amount of lean or fatty fish of 

corresponding energy content, thus eliminating any residual energy differences. 

3.5.2.6 Sensitivity analyses  

We performed several sensitivity analyses to test the robustness of the results from our main 

analyses.  

Firstly, to address concerns of reversed causation, which occurs when an outcome influences 

or precedes the exposure rather than the exposure preceding and influencing the outcome. 

This concern is relevant to Papers II and III, where there is a possibility that participants may 

have changed their eating habits due to an illness that led to them dying. Consequently, the 

food intake captured in the FFQs might reflect changes made in response to an illness that 

ultimately led to death, rather than the diet influencing the risk of illness and mortality. To 

reduce the risk of reversed causation, we started follow-up for all participants two years after 

baseline assessment and enrolment in the study. This approach ensured that participants who 

died or emigrated within the first two years of the study were excluded, thereby reducing the 

likelihood that reaction to early symptoms influenced the risk estimates.  

Secondly, the underlying understanding is that the foods consumed affects ones BMI status, 

and BMI status subsequently influence mortality. In this scenario BMI is in the causal 

pathway between dietary intake and mortality outcomes, potentially serving as a mediator- 

where the food intake influences BMI, which in turn affects mortality (food intake → BMI → 

mortality). However, when BMI status and food intake are measured at the same timepoint, 

body size, measured by BMI in these studies, is a significant determinant of energy 

requirements, and since energy requirements influence the amount of food consumed, the 

relationship could also be in the other direction where food intake and mortality are both 

influenced by BMI, making BMI a confounder or a common cause of the exposure and the 

outcome (food intake ←BMI→ mortality).  

The interpretation of these causal pathways between diet, BMI and mortality outcomes 

dictates whether BMI is included in the statistical models as a potential confounder or omitted 

because it is considered a mediating factor between diet and mortality. In Paper II, BMI was 

included as a potential confounder in the fully adjusted model, and a sensitivity analysis was 

conducted to assess the impact of excluding BMI. In Paper III, BMI was included as a 

covariate in the fully adjusted model for the main analyses but was not included in the model 

presented as the main model. 

Due to concerns of missing data among covariates which can bias the results, we conducted 

multiple imputation in Paper III. Assuming that data was missing at random, we used multiple 

imputation by chained equations (84, 85). The missing values were imputed for several 

covariates including education, physical activity, smoking status, height, and weight. We used 

predictive mean matching for continuous variables and ordinal or nominal regression for 
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categorical variables. The imputed missing values were based on observed values from 

twenty duplicated datasets. 

3.6 Ethical considerations  

The NOWAC cohort has been granted approval for the collection and secure storage of 

questionnaire data. All data are stored and managed in accordance with the authorization 

granted by the Norwegian Data Protection Authority with reference number 07-00030. 

Participants gave informed consent, for the collection and storage of data, and for linkage to 

the Norwegian Cause of Death Registry, the Cancer Registry of Norway, and the 

Mammography Registry of Norway. The ethical approval for the NOWAC cohort was 

secured from the Regional Committee for Medical and Health Research Ethics in Norway 

(REK) with reference number P REK NORD 01/2003. This project is based on the ethical 

approval obtained in 2003, before the introduction of General Data Protection Regulation. 

Therefore, there are no separate approval from REK for this project. All women received 

information on the right to withdraw (70). 

3.7 Language improvements  

To enhance the language and readability of this text, I have used Google Translate and 

received proofreading and advice from colleagues at the department. Additionally, the AI tool 

ChatUiT, powered by the language model ChatGPT 3.5 Turbo, was used solely to correct 

grammatical errors, and enhance readability, not to generate text.  
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4 Results 

4.1 Paper I 

This paper was undertaken to describe the adherence to the healthy Nordic diet measured by 

the HNFI, and to describe the relationship between adherence to the HNFI and the dietary 

composition and lifestyle factors in Norwegian women.  

A total of 81 516 women was included in the study. Most women (49%) were categorised as 

medium adherers, while 22.8 % were categorised as low adherers, and 28.2% were 

categorised as high adherers to the healthy Nordic diet as measured by the HNFI score.  

High adherence to the HNFI was by design associated with higher intake of food groups 

within the healthy Nordic diet, but also to a higher absolute intake of foods outside the index 

score such as red and processed meat. High adherers also had a higher absolute intake of 

energy, fibre and micronutrients compared to those with low adherence. When intake of foods 

and micronutrients were analysed in relation to energy intake, high adherers consumed more 

fibre, fruits and vegetables, dairy products, chicken, and potatoes, and less red and processed 

meat per energy unit suggesting a better dietary composition among high adherers compared 

to low adherers.  

The proportion of total fruits and vegetables intake that was covered by the Nordic fruits and 

vegetables - cabbages, root vegetables, and apples/pears- increased with higher adherence, 

from approximately 40 % coverage among low adherers to 52 % in the high adherence group.  

High adherence was associated with being older, having higher education and being more 

physical active. Having overweight was associated with a higher likelihood of being in the 

high adherence category. Conversely, being a current smoker was more likely as a low 

adherer. Finally, women living in the western or northern region of Norway was more likely 

to be high adherers, compared to those living in Oslo.   

4.2 Paper II 

The objective of this paper was to examine the association between food groups central in the 

healthy Nordic diet – Nordic fruits and vegetables, whole grain products, fatty fish, lean fish, 

and low-fat dairy products – and all-cause mortality in a population of Norwegian women.  

A total of 83 669 women were included in the study. During a median follow-up period of 20 

years, 8 507 women died, most of them due to cancer or CVD. The older participants were 

more likely to be in the high consumption groups of both lean and fatty fish. Women with 

higher intake levels of healthy Nordic foods were likely to be more physical active and to 

have never smoked, except for those in the high consumption group of lean and fatty fish 

where the trend for smoking was reversed. There was a higher proportion of women having 

overweight (BMI 25.0–29.9 kg/m2) and obesity (BMI ≥ 30 kg/m2) in the high consumption 

group of Nordic fruits and vegetables, while the opposite was observed for the whole grain 
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products group. Women with higher education were found in the highest consumption groups, 

except for lean fish, where a higher proportion of less educated women were in the highest 

intake category. 

In the fully adjusted categorical analyses, we found that consuming 100–199 grams per day of 

Nordic fruits and vegetables, as compared to less than 100 grams per day, was associated with 

lower mortality (HR 0.91, 95% CI: 0.87–0.96). Similarly, a higher consumption of whole 

grain products was associated with lower mortality (p-value for trend across categories = 

0.02). An intake of at least 45 grams per day of lean fish compared with less than 15 grams 

per day, was associated with lower mortality (HR 0.93, 95% CI: 0.88–0.99). However, no 

association was observed between fatty fish intake and mortality. Consumption of less than 

200 grams per day of low-fat dairy products, compared to no consumption, was associated 

with lower mortality (HR 0.91, 95% CI: 0.85–0.96).  

Restricted cubic spline regression analyses revealed a significant J-shaped association for the 

food groups of Nordic fruits and vegetables, low-fat dairy products, and fatty fish, but not for 

lean fish. The lowest mortality for Nordic fruits and vegetables consumption was observed at 

an intake of 200 grams per day (HR 0.83, 95% CI: 0.77–0.91) compared to no consumption. 

Similarly, the lowest mortality for low-fat dairy products, was observed at an intake of 200 

grams per day (HR 0.96, 95% CI: 0.91–1.01), while intake of 800 grams per day or more was 

associated with higher mortality. The optimal intake level for fatty fish appeared to be 

between 10 and 20 grams per day, although this did not significantly differ from not 

consuming fatty fish at all. High intake of fatty fish, starting at 60 grams per day, was 

associated with higher mortality (HR 1.08, 95% CI: 1.01–1.16). Conversely, for lean fish, 

increased intake consistently lowered mortality, with an intake of 80 to 110 grams per day 

significantly linked to lower mortality (80 g/day: HR 0.93, 95% CI: 0.87–0.99). 

A significant interaction between smoking status and consumption of Nordic fruits and 

vegetables was observed, leading to separate analyses for never and ever smokers. The 

median intake of Nordic fruits and vegetables was slightly higher in never smokers (173 

grams per day) than ever smokers (159 grams per day). Categorical analyses indicated a 

significant trend among ever smokers, suggesting that increased consumption of fruits and 

vegetables was associated with lower mortality. The optimal intake level for ever smokers, as 

revealed by restricted cubic spline analyses, ranged from 200 to 250 grams per day (HR 0.79, 

95% CI: 0.72–0.87). For never smokers, the optimal intake of fruits and vegetables was 

observed between 150 and 200 grams per day (HR 0.89, 95% CI: 0.78–1.02), although the 

estimates for this group was less certain.  

4.3 Paper III 

The main aim of this paper was to examine the association between replacing processed meat 

and red meat with lean and fatty fish in relation to all-cause mortality, and mortality caused 

by cancer and by CVD (ischemic heart disease (IHD) and stroke) among Norwegian women.  
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A total of 83 304 women were included in the study. During a median follow-up period of 21 

years 9 420 women died, including 4 708 deaths from cancer and 1068 deaths from CVD 

(IHD and stroke).  

The initial analyses using RCS indicated a significant non-linear relationship between 

processed meat intake and mortality outcomes, with the lowest risk of death occurring at an 

intake of about 30 grams per day. While not statistically significant, the data suggested that 

the lowest risk for all-cause and CVD mortality for red meat might be around 20 grams per 

day. For a combined intake of red and processed meat, the lowest mortality was observed at 

an intake of about 50 grams per day. Consequently, for the purpose of descriptive statistics 

and substitution analyses, the women were divided into groups of higher and lower 

consumption. The cutoff levels for higher consumption were established as follows: over 30 

grams per day for processed meat, over 20 grams per day for red meat, and over 50 grams per 

day for a combination of both. The intake of fatty fish displayed a linear relationship with 

mortality outcomes, whereas lean fish consumption showed a non-linear trend with all-cause 

mortality. However, since all levels of lean fish intake were beneficial, both types of fish were 

treated as continuous variables across the entire range of intake levels in the substitution 

analyses.  

Women with higher processed meat intake tended to have a less healthy lifestyle, a higher 

energy intake and higher intake of red meat and of lean fish. They were also younger than 

women with lower processed meat intake. Similarly, albeit weaker, patterns were observed 

among women with higher intakes of red meat.  

In the unspecified substitution analyses, increasing consumption of processed meat was 

associated with higher all-cause, cancer and CVD mortality among higher consumers (>30 

grams per day), while no association was observed among women consuming less than this. 

No statistically significant association with mortality was observed for consumption of red 

meat among lower or higher consumers. Increasing intake of red and processed meat 

combined was associated with higher mortality from all outcomes in higher consumers (>50 

grams per day), but no association was observed among women with lower intake levels. 

Increasing consumption of lean fish was weakly associated with lower all-cause and cancer 

mortality, while higher all-cause, cancer and CVD mortality was observed for increasing 

consumption of fatty fish.  

In the specified substitution analyses, we found that replacing 20 grams of processed meat per 

day with an equivalent amount of lean fish was associated with 8% lower all-cause (HR 0·92, 

95% CI 0·89, 0·96), 8 % lower cancer (HR 0·92, 95% CI 0·88, 0·97) and 18 % lower CVD 

mortality (HR 0·82, 95% CI 0·74, 0·90) among women who consumed more than 30 grams 

of processed meat per day. For these women, replacing processed meat with fatty fish was 

associated with 13 % lower CVD mortality (HR 0·87, 95% CI 0·77, 0·97), however this 

substitution did not show a statistically significant association with all-cause or cancer 

mortality. No statistically significantly associations were found when replacing processed 
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meat with lean or fatty fish among women who consumed 30 grams or less of processed meat 

per day.  

No significant associations were observed when red meat was replaced with either lean or 

fatty fish, regardless of whether the women were higher or lower consumers of red meat.  

For women with a higher combined intake of red and processed meat (above 50 grams per 

day), replacing red and processed meat with lean fish was associated with lower all-cause and 

CVD mortality, although no association was found with cancer mortality. However, replacing 

red and processed meat with fatty fish did not show any associations with mortality outcomes 

in this group. Conversely, among those with lower consumption of red and processed meat, 

replacing meats with fatty fish was linked to higher all-cause and cancer mortality, while no 

significant associations were observed when replacing with lean fish.  

  



 

42 

5 Discussion 

The aim of this thesis was to investigate adherence to the healthy Nordic diet as quantified by 

the HNFI, and to assess the health aspects of foods central in the Nordic diet among women 

in Norway. This included examination of key food groups integral to the healthy Nordic diet 

and their associations with mortality, and replacement of red and processed meat with fish in 

relation to cause specific mortality. In this chapter, a detailed discussion of the 

methodological approach and the results will be given. 

5.1 Methods discussion  

This section will address concerns related to study design and the validity of the results.  

5.1.1 Study design 

The large prospective cohort study design of NOWAC, with nearly complete follow-up data 

on mortality and emigration obtained through register data, enabled the use of both cross-

sectional and prospective study designs in each paper to explore the aims of this thesis.  

The descriptive approach in the first paper, was suited to explore adherence to the HNFI and 

identifying potential associations for further investigation. Papers II and III had a prospective 

design, enabling the establishment of a temporal relationship between dietary factors and 

mortality.  

While randomized controlled trials (RCTs) are the strongest design for inferring causality 

between diet and health, they are not always feasible or ethical, particularly when assessing 

the impact on long-term health outcomes and mortality. The next best option is the 

prospective cohort study, which, even though being observational, have the advantage of 

establishing temporality as the exposure precedes the outcome. Specified substitution 

analyses, which was applied in Paper III, can provide insight into the health implication of 

dietary changes with the use of statistical methods when RCTs and interventions are not 

possible due to ethical considerations. The observational design also allows for large sample 

sizes and longer follow-up periods than what is feasible in RCT studies, modelling the impact 

of actual eating habits on health outcomes such as NCDs which develop over time.  

However, the findings from these studies must be interpreted with some caution, 

acknowledging the potential influence of chance, bias, and confounding factors as alternative 

explanations for the observed associations. The next sections will discuss some issues related 

to internal and external validity. 

5.1.2 Validity 

The studies validities are related to how accurately the estimates are reflecting true situations 

and relationships. There are several factors that can compromise the validity of our estimates 

including selection bias, information bias, and choice of statistical methods including how 

confounding factors are accounted for which are discussed below.  
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5.1.2.1 Selection bias 

Selection bias as explained in “A dictionary of epidemiology”, refers to systematic distortion 

in the estimated association between the exposure and the outcome in the participants 

included in the study compared to the population they are selected from (86). If the 

distribution of exposures, the factors influencing both the exposures and the outcome, as well 

as the distribution of the outcome, vary between the study participants and the target 

population, this discrepancy can lead to results that do not accurately reflect the population 

they are meant to represent (87). 

The sampling process in NOWAC, which used the central population registry in Norway, and 

the high quality of postal services ensured that nearly all women that were eligible, received 

the invitation to participate in the study (70). However, women born outside the Nordic 

countries had lower response rates, implying that the estimated level of adherence to the 

HNFI in Paper I, as well as the intake of traditional Nordic foods, might be overestimated 

compared to the target population (70). Furthermore, women from Northern Norway had 

higher response rates, and these women were also more likely high adherers of the HNFI than 

women living in the capital Oslo (Paper I).  

In a previous study comparing the distribution of education, smoking habits, weight, parity, 

and oral contraceptive use across samples with different response rates in NOWAC, no 

statistically significantly differences were observed (88). When participants were compared to 

non-responders it was found that a larger proportion of the responders had longer education 

than non-responders, but the difference was minor (70). As education is believed to impact on 

dietary choices it might lead to the fact that low adherers of the HNFI are underrepresented 

impacting the descriptive in Paper I. In the last two papers we included education in the 

statistical models, which should minimise the impact of different education levels to influence 

the estimates, however the intake levels of the healthy Nordic food might be higher than the 

target population.  

Moreover, the participants in NOWAC were younger than the target population, and one 

might anticipate an impact on cancer risk, and on mortality (70). However, the incidence rates 

of cancer within the NOWAC cohort were found to be similar to Norwegian women at the 

same age minimising the risk of selection bias in relation to outcome (70). 

The reasons for not responding to the invitation to participate, included lack of time or 

interest, concerns of confidentiality, or simply forgetting to complete the questionnaire, which 

are factors that probably do not have a strong impact on selection bias (70).  

In summary, while the potential for selection bias exists, the conclusion from the validation 

study suggests that the lack of significant differences in important exposures across varying 

response rates minimizes the risk of selection bias. However, it cannot be entirely dismissed 

for the studies in this thesis, which examines the relationship between Nordic diets and 
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mortality, as these factors have not been specifically examined in responders and non-

responders. 

5.1.2.2 Information bias 

Information bias relates to imprecise or wrong measurements of an exposure, outcome or 

related factors (87). This is of special concern when the measurements are self-reported and 

when asking about past events. Such errors can lead to misclassification, which is when 

participants are placed in the wrong exposure or outcome groups. Misclassification can be 

either nondifferential, which arises when the misclassification is affecting all groups unrelated 

to the outcome, or differential when the misclassification differs between those who 

experience the event or not (87). In both situations the estimates are distorted, but when 

misclassification is nondifferential it usually leads to attenuation of the true associations.  

Outcome  

The Norwegian Cause of Death Registry provides almost complete coverage, capturing 

around 98 % of all deaths, with even higher coverage for women at 99 % (6, 89). However, 

the coverage is less complete for Norwegians who dies abroad (6). Nevertheless, 

misclassification of the outcome for all-cause mortality in Papers II and III is considered 

unlikely. 

The registry follows the WHO guidelines for coding causes of death and uses a semi-

automated international coding system of death (IRIS). For statistical purposes, only a single 

underlying cause of death is identified for each case. This underlying cause is defined as the 

initial event in the sequence leading to death, and it is considered the most significant, 

particularly from a preventive standpoint (6). However, while the underlying cause of death is 

prioritised, the registry does not provide details on the extent to which other contributing 

factors may have played a role in the death. It is therefore probably greater uncertainty 

associated with cause specific mortality outcomes such as cancer and CVD compared to all-

causes mortality. To minimise the risk of reversed causation, where the exposure could be a 

consequence of the outcome rather than preceding it, we started follow-up two years after 

baseline in sensitivity analyses.  

Exposure  

The FFQ was initially developed to investigate the association between a traditional diet with 

high fish consumption and breast cancer risk, resulting in disproportionately high number of 

questions related to fish compared to other food groups included in the healthy Nordic diet, 

and to red and processed meat consumption. This focus may unintentionally induce an 

overreporting of fish consumption in NOWAC, potentially skewing the general intake in the 

cohort higher (73). However, this is likely affecting all participants equally, and thus resulting 

in nondifferential misclassification of fish exposures. However, it makes the precise 

determination of absolute fish consumption in relation to mortality outcomes uncertain. It is 
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particularly tied to uncertainties in the identified optimal intake levels, and the cut-off level 

above which higher intake levels were associated with higher mortality, for fatty fish.  

While the FFQ captures many foods central in the healthy Nordic diet, it was not designed to 

capture the broader varieties of foods integral to a healthy Nordic diet. Consequently, the FFQ 

fails to sufficiently capture the intake of foods like rye crisp bread, oatmeal, kale, wild berries, 

and rapeseed oil to name a few. This could potentially result in misclassification, whereby 

individuals who consume greater amounts of oatmeal and rye crisp bread, for instance, may 

be incorrectly placed into lower categories of the HNFI than they truly belong to. However, 

since the HNFI was calculated solely for descriptive purposes in this thesis, any 

misclassification of index categories does not impact the conclusions drawn regarding 

mortality.  

Several studies have been undertaken to evaluate the validity of the NOWAC FFQs. 

Specifically, the validity has been tested by comparing dietary data obtained from repeated 

24-hour dietary recalls (73), as well as with biomarkers (90). Additionally, the reproducibility 

of the FFQs was examined in a test-retest study, where the FFQ was administered twice to the 

same individuals about three months apart (91). 

The comparison with the dietary data obtained from the FFQ with measures from repeated 24-

hour dietary recall, revealed a higher reported intake of milk and yoghurt as well as alcohol in 

the 24-hour dietary recall than in FFQ (73). Conversely, the intake of fruits and vegetables 

(not specified to the Nordic varieties), as well as fish and fish products were greater in the 

FFQ than the 24-hour dietary recall. No statistically significantly differences were observed in 

the reported intake of whole grain products, or meat and meat products (including white 

meat). Furthermore, habitual fish consumption, as measured by the FFQ, was reflected in the 

serum phospholipid fatty acids composition. The types of fish consumed were identified as 

being more critical than the portion size (90). 

For fruits and vegetables there was a relatively high concordance between the FFQ and the 

24-hour dietary recalls, with 39 % and 26 % of the women being classified in the same 

quintile for each food group, respectively. Furthermore, only 2% and 1 % of the women were 

placed in opposite quintiles for fruits and vegetables, indicating that the agreement is quite 

good. For fish and meat, the agreement was lower, yet only 4% of participants were classified 

in the extreme quintile for both groups, with 22 % and 26% agreement, respectively.  

Regarding energy intake, the FFQ reported lower energy and macronutrient intakes, with 

exception of proteins, compared to the 24-hour dietary recalls. In nutrient density 

calculations, the FFQ showed lower estimates for energy from fat and alcohol, whereas fibre, 

beta carotene, and vitamin D were higher in the FFQ than in the recalls. In contrast, mineral 

intakes, such as iron, were lower in the FFQ. This is probably related to the handling of 

missing values in the NOWAC study, as missing frequencies was treated as no consumption 
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and imputed with null intake, and missing portion sizes was imputed with the smallest portion 

size which likely has resulted in underestimation of energy intake (92). 

The reported intake of most food groups as measured by the initial FFQ was lower when 

filled in the second time in the test-retest study (91). For fruits, bread, breakfast cereals and 

fish a significant decrease was observed in the retest compared to the initial test. In contrast a 

significant increase was observed for red meat. There was a decrease in the intake of 

macronutrients and energy, as well as fibre and micronutrients. The Pearson’s r, that measures 

correlations between the test and retest, had a median value of 0.66 indicating a quite strong 

correlation for most foods indicating that the FFQ can capture the usual diet over time (91). 

However, when the alcohol consumption from the FFQ was calibrated with that from the 24-

hours dietary recalls, the risk estimates for the association between the calibrated alcohol 

consumption and risk of hypertension was attenuated, suggesting that calibration can affect 

the strength of associations.  

In summary, we expect the types of misclassifications of dietary exposures in this thesis to be 

nondifferential, rather than systematically different between those who died and those who 

survived during the study periods.  

5.1.2.3 Statistical validity  

In Papers II and III the statistical analyses were conducted to investigate the potential causal 

relationship between Nordic dietary factors and mortality. However, evaluating causality in 

nutritional epidemiology is particularly challenging due to the complexity of dietary patterns 

and their connection with energy intake and various lifestyle factors that may also affect the 

outcome, which in this case is mortality.   

Factors that have an impact on the exposure of interest and have a causal relationship with the 

outcome are described as being a potential confounder, and when not accurately accounted for 

in the statistical analyses, can skew the actual association between the exposure and the 

outcome. Consequently, the estimated associations between exposure and outcome may be 

weakened or attenuated, or on the contrary, overestimated (86). 

Selection of confounding variables   

We selected potential confounders for inclusion in our statistical models based on existing 

literature, and on our interpretation of these factors as potential confounders in the specific 

relationship between our exposures and outcome (Nordic food group/substitution between 

Nordic food groups ← third factor → mortality). We employed a consistent approach in the 

selection process and evaluated the various food groups equally, so the same adjustment 

factors were identified and adjusted for in all food groups, despite the possibility that certain 

factors might serve as confounders for one food group but not for others. However, the main 

models in Papers II and III mutually adjusted for each food group included as an exposure in 

the analyses.  
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Yet, in the specified substitution analyses (Paper III), if there is an imbalance in the 

distribution of a selected confounder between groups, such as one group having a higher 

proportion of smokers compared to the other, the estimates may be skewed by this confounder 

(83). For instance, in the substitution analyses replacing processed meat, which typically is 

correlated with smoking behaviours, with fish, often correlated with healthier lifestyle choices 

this could be a problem. To mitigate a potential bias being introduced by smoking in this 

scenario, separate analyses for non-smokers is suggested (83). However, in NOWAC, 

“traditional fish eaters” are more likely to be current smokers, as well as having a higher BMI, 

and lower income and education (81).  

In line with the approach taken in Paper II, the preliminary analyses in Paper III initially 

differentiated between never smokers and ever smokers in sensitivity analyses. However, 

these results were excluded from the final revision to maintain clarity and focus within the 

paper due to its complexity. Despite this, conducting more comprehensive analyses on never 

smokers remains crucial, as our initial findings indicated a possible disparity in risk estimates 

for processed meat between never and ever smokers and mortality outcomes. Specifically, 

there appeared to be a more marked association between higher processed meat consumption 

and higher mortality risk among never smokers. Nevertheless, we did not perform separate 

analyses for red meat consumption, nor did we evaluate whether the observed differences 

were statistically significant. 

Incomplete adjustments occur when not all confounders are fully accounted for, both 

measured and unmeasured factors, or when the variables that are adjusted for are not 

adequately corrected, leading to residual confounding. Residual confounding may result from 

measurement errors, the categorisation of continuous variables, or the assumption of linear 

associations between variables and outcome when the relationships are actually non-linear. In 

Paper II, the adjustment for processed meat consumption was tested for linearity before being 

included as a categorical variable. Conversely, in Paper III, other dietary factors that 

contribute to energy intake were included in the fully adjusted model as linear variables 

without testing for linearity. This approach was taken because these foods were considered 

based on the possibility that they might be consumed differently in relation to the replaced 

foods and thus influencing the estimates as underlying dietary patterns.  

Incomplete adjustments for preexisting conditions, such as prior instances of cancer or CVDs, 

or established risk factors for NCDs like hypertension, could have impacted our findings. This 

is because dietary modifications made in response to these health issues before the study’s 

baseline could introduce bias. However, in our analyses, we only accounted for diabetes in the 

fully adjusted model, uncertain of whether it is a confounder or a mediator, since it was the 

only self-reported preexisting disease in the questionnaire that had been validated (78). 

Moreover, considering that the objective of our studies was to investigate longevity in a 

general population- a population that naturally includes individuals at various stages of NCD 

development- we did not include other information about previous diseases. This approach 
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acknowledges the inherent diversity of health statuses within a typical population and focuses 

on the broader implications of diet on lifespan.   

Incomplete adjustment for BMI is also possible considering that women in NOWAC with 

overweight not only report higher consumption of fruits and vegetables but also often report 

engaging in dieting behaviours, and lower total energy intake (93). In a prior study including 

Norwegian men and women, it was found that underreporting of energy was strongly 

associated with dieting and a desire to lose weight, and that female under-reporters consumed 

fewer high-fat and high-sugar foods, such as cakes, potato chips, chocolate, and sweets. 

Conversely, they reported a higher intake of potatoes, meat, and fish. Additionally, under-

reporters consumed more fibre and vitamin C per unit of energy (94). 

Energy intake  

In our main models we included energy intake to control for confounding, as energy intake is 

associated with both disease risk and with food intake (food group intake ← energy intake → 

mortality). Energy intake is directly linked to the amount of food consumed as they contribute 

directly to energy intake, and because individuals with higher energy requirements typically 

consume more food. Greater food consumption is thus reflective of larger body size, which is 

as a major determinant of energy requirements, as well as of level of physical activity and of 

metabolic efficacy (95). The quantity of food required to obtain a health impact can also be 

tied to body size, which is why it is not recommended to assess absolute intake without 

considering its relation to energy intake (95).  

Another reason to control for energy intake is to simulate the effects of dietary changes within 

a stable energy intake, where the increase in one food group necessitates a corresponding 

decrease in other energy-contributing foods (95). This concept aligns with what was 

previously described as non-specified substitution analyses, where the substitution between 

food groups is not controlled for, as applied in Paper II. While, in Paper III, we conducted 

specified substitution analyses, wherein the specific food substitutions were defined and 

controlled for within the analyses. 

However, incorporating energy intake as a confounder when it may not be one can introduce 

errors in the statistical models, potentially leading to erroneous conclusions. The complexity 

arises because energy intake can also act as a mediator in the pathway from food intake to 

mortality outcomes (food group intake → energy intake → mortality). In this scenario, the 

type of food consumed contributes to various amounts of energy, which then affects 

mortality, rather than being a confounder. For instance, if the health benefit of Nordic fruits 

and vegetables on mortality are due to their lower energy contribution, then controlling for 

energy in the model could obscure the true effect of these foods on mortality. 

The residual method offers a solution to this challenge. It is a statistical approach frequently 

used in nutritional epidemiology to adjust for total energy intake (96). This method involves a 

regression analysis where the food of interest is the dependent variable and energy intake are 



 

49 

the independent variable. The residuals, which is the difference between observed intakes and 

those predicted by the regression model based on energy intake, represent the portion of 

nutrient or food intake not accounted for by total energy intake. These residuals are then used 

as the exposure in the statistical models and estimates the impact of the nutrient or food 

independent of total energy consumption. This approach was initially tested in Paper I, but 

because the food groups are not normally distributed it could not be applied without more 

complex statistical analyses and was not pursued further in this thesis. 

Missing 

In this thesis, we conducted complete case analyses, excluding participants with missing 

values on any of the covariates included in the analyses (except dietary data as missing 

frequency had already been imputed with a value of zero if frequency information was 

missing). For Paper I, we conducted a detailed assessment to discern between genuinely 

missing data and zero intake within the variables used to calculate the HNFI. In this approach, 

we treated a missing response as an indication of zero intake if it occurred under a combined 

question where some, but not all, items were reported as consumed. For example, within the 

fruits and vegetables category, if a participant indicated consuming carrots but left the 

response for cabbages blank, we interpreted the absence of a response for cabbages as zero 

consumption rather than missing data. For the last two papers, we used the NOWAC standard, 

imputing missing frequencies with zero. Our aim was to maintain uniform treatment across all 

food variables, thereby avoiding the introduction of potential biases that might arise from 

differential treatment of missing versus zero intake responses. 

Approximately 15 % of participants were excluded due to missing values on non-dietary 

covariates. Such exclusions could potentially introduce bias if the missingness is associated 

with the missing data- for instance, if individuals refrain from reporting their weight due to it 

perceived as too high or low. This concern was raised in the review process of Paper III, and 

thus to address the potential bias resulting from such exclusions we performed sensitivity 

analyses using Multiple Imputation (MI). This was done under the assumption that the data 

were missing at random, which suggests that the likelihood of missingness is not connected to 

unobserved data but may be associated with the observed data. The MI analyses yielded 

results that were consistent with our main analyses. This consistency coincides with findings 

from prior analyses and studies within the NOWAC cohort (48), suggesting that the 

missingness is likely not introducing any more biased results than the complete-case analyses.  

HNFI 

To examine whether the HNFI-score reflected a higher intake of beneficial or less beneficial 

non-index foods, we adjusted these foods in relation to energy intake and compared them 

across adherence scores. In retrospect, this was not the optimal approach. Instead, we should 

have constructed an energy-standardised HNFI and then compared this score with the energy-

standardised intake of non-index foods to obtain a more accurate description of dietary 

balance in relation to the HNFI score (97).  
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The method of using cohort median intake as cut-off for scoring food components has some 

limitations. It introduces variability in what constitutes high adherence across different study 

populations and complicates direct comparisons across studies. Additionally, population-

dependent cut-offs are not stable over time, making it difficult to compare adherence to the 

HNFI measured between two time points within individuals. For example, if there are general 

changes in the population's diet, such as an increased intake of fruits and vegetables, but some 

individuals do not adhere to this change, their HNFI might drop without their intake of that 

component being lower than at the first time point (97).  

There are also some advantages with this method because of its flexibility to adapt different 

consumption levels between populations (97). For instance, the median intake of food 

components in the HNFI varies across studies (25, 98), and using the median allows for an 

even distribution of higher and lower consumers within the respective cohorts, which increase 

statistical power. In contrast, if a standardised cut-off were used, in populations where intake 

is generally lower, few might consume above the defined cut-off, generating uneven groups 

of comparison. However, in studies on disease associations it might be more relevant to use 

cut-offs that are based on epidemiological evidence (97).  

Non-linear associations 

We used both categorical models and RCS models in Paper II, and RCS in Paper III to test 

potential non-linear relationships between the Nordic food groups and mortality. The 

categorical models can be used for this purpose without the need for complex modelling 

techniques while being quite robust against the influence of outliers. The estimate from these 

categorical analyses is also quite easy to interpret and communicate as the comparison is 

between each category compared to the reference group. However, categorical analyses are 

limited due to loss of information as the same risk is assumed across the intake range within 

each category. Furthermore, the choice of cut-off for each category and choice of reference 

group can influence the estimates.   

Continuous models allow for the use of all available datapoints of an exposure, avoiding the 

information loss with categorization. This can give a more detailed description of the 

relationship between food intake and mortality and enhancing statistical power. When 

continuous data are available, RCS is a valuable tool as they can capture non-linear 

relationships between food groups and mortality without imposing a predetermined shape of 

association, as linear regression models do with their inherent linearity assumption (82). The 

estimates derived from RCS can be assessed at any level of exposure and are as interpretable 

as linear regression coefficients. 

Nevertheless, the selection and positioning of knots within the spline can influence the 

estimates. A data-driven strategy, such as using percentiles for knot placement, is often 

recommended over fixed levels, as it is more reflective of the underlying data distribution 

(82). Despite this, there remains a potential for overfitting (picking up noise), particularly if 

an excessive number of knots is used. To mitigate this risk, we evaluated models with five, 
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four, and three knots, ultimately selecting the model with the lowest AIC value. This 

approach ensures that while the model retains flexibility within the range of the knots, the 

estimates remain linear at the extremes—beyond the first and last knots (82).  

In all papers we used cross-sectional dietary data, which provides a snapshot of the 

participant’s diet at a single time point. This was the first analyses of the included food groups 

and mortality in the NOWAC, employing methods designed to investigate potential non-

linearity and food substitution. For this purpose, we confined our analyses to baseline dietary 

data, despite the availability of repeated measurements that would allow us to explore dietary 

changes, or to potentially refine the accuracy of our estimates. Given the extended follow-up 

duration, dietary habits may have changed over time, suggesting that using repeated 

measurements might have yielded more precise estimations. Nonetheless, prior research 

within the NOWAC cohort that use repeated dietary assessments has demonstrated 

consistency with baseline data findings (99, 100).  

In these analyses, we identified optimal intake levels of food groups in relation to mortality 

outcomes and calculate point estimates related for specific grams of intake. However, self-

reported dietary measures are susceptible to errors, introducing uncertainties regarding precise 

intake levels. The NOWAC FFQ is validated to rank individuals by their intake, but FFQs in 

general perform poorly in estimating exact levels of intake (73). Therefore, the shape of the 

curves is likely more relevant, while the intake levels deemed optimal should be considered 

approximate estimates.  

Specified substitution models 

These analyses are constrained to statistical comparisons of average intakes among 

individuals, rather than actual dietary changes. Moreover, we relied on cross-sectional data 

from a single measurement of dietary exposures and covariates, which prevented us from 

estimating the impact of dietary changes over time within individuals. 

We used grams as the unit of measurement for dietary substitutions, resulting in a model that 

incorporates both grams and energy. This approach has two challenges; 1. the model 

incorporates both weight and energy, 2. this results in an energy imbalance. It has been 

suggested that a more standardised approach, by using the energy contribution from foods in 

the substitutions, adjusted for total energy intake, or to include all food groups in the model 

instead of energy intake when grams are used as unit of substitution, yields more precise 

estimates (101).  

Our dataset was limited to variables measured in grams. Converting these measurements to 

energy content would require additional calculations that were not feasible within the 

NOWAC dataset. However, we conducted preliminary tests by modelling the energy 

contributions from the foods included in the meat and fish exposures using food composition 

tables for estimation and including the substitution units as their energy contribution. These 

preliminary analyses yielded results similar to those obtained using grams as the unit of 
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measurement and adjusting for energy. Consequently, we decided not to present both models 

in the paper, considering its already complex nature with numerous analyses of different 

exposures and outcomes. 

Weight as the unit of substitution introduces a residual energy imbalance that was not 

accounted for; this difference in energy is more pronounced between lean fish and processed 

meat compared to fatty fish and processed meat, owing to the lower energy content in lean 

fish (83). This allows for the possibility of different foods that may be associated with distinct 

health behaviours and dietary patterns to influence the estimates (83). For instance, different 

foods may be eaten together with either fish or meat, representing underlying dietary patterns, 

and these foods or underlying dietary patterns may be associated with mortality and thus 

affect the estimates. Additionally, the energy imbalance itself might impact mortality.  

To address these complex relationships between dietary components and their association 

with potential underlying diseases that influence mortality, our fully adjusted model included 

consumption of fruits and vegetables, whole grain products, refined grain products, potatoes, 

and dairy products. Additionally, diabetes and BMI categories were adjusted for in an 

alternative model 3. However, these additional adjustments did not change the estimates from 

our less adjusted model, which suggests that these factors did not confound the association 

observed with the substitution of meat with fish. 

5.1.3 External validity  

The NOWAC study is considered to be a good representation of Norwegian women aged 30 

to 70 years. Factors such as random sampling from the national registry increased the 

likelihood that the women that were invited to participate in the study would be representative 

of the broader population of Norwegian women, and selection biased is considered minimal 

(70). Furthermore, the cancer incidence rates were similar among participants in NOWAC 

and national figures from the Cancer registry, which supports the validity of the NOWAC 

cohort. 

However, whether our results can be generalised to Norwegian women today is more 

uncertain. Since the data was collected about 20 years ago, it may not accurately reflect the 

dietary patterns of middle-aged women today. For instance, immigrants constitute an 

increasingly large segment of Norway's population. As of 2023, there were close to 900,000 

immigrants and 200,000 Norwegian-born individuals with immigrant parents (102). 

Adherence to the HNFI is likely not representative of women from these groups within the 

population. 

Furthermore, over the years since data collection, there have been some notable changes in 

the food consumption at a population level as outlined in the report "Developments in the 

Norwegian Diet 2023" (35). Generally, there has been an increase in the consumption of fruits 

and vegetables, while fish consumption has decreased, and meat consumption has increased. 
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These trends suggest that compliance with the HNFI may vary, among middle-aged women 

today.   
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5.2 Interpretation of results 

5.2.1 The HNFI (Paper I) 

Adherence to the healthy Nordic diet among Norwegian middle-aged women, as measured by 

the HNFI, was found to be relatively low, with only 28% of participants classified as high 

adherers (score 4-6).  

Compared to a previous study on dietary patterns in NOWAC using data-driven analysis, 

several dietary patterns identified may overlap with different components in the HNFI. This 

study identified distinct groups such as "traditional fish eaters" and "traditional bread eaters," 

that were related to distinct foods. The largest group was labelled as "average," representing 

the largest segment of the sample. This dietary pattern was characterised by lower 

consumption of fish, vegetables, and whole grains, and higher consumption of meat, pizza, 

and rice. Another notable group, termed "healthy eaters," were characterized by consuming 

breakfast cereals, fruits, and skimmed milk and typically were younger than the traditional 

fish eaters who were the oldest women (81). This highlights the fact that for medium adherers 

to the HNFI, who represent most women (49%), various dietary patterns may be represented.  

As discussed in Paper I, our findings were in line with previous studies in Denmark and 

Sweden. High adherence to the healthy Nordic diet among women according to the HNFI is 

around 35 % in Denmark (25) and 32 % in Sweden (98). Like our results, high level of 

adherence to the HNFI was associated with an increased intake of energy and red meat in 

Danish women. Concurrently, high adherence was also linked to healthier lifestyle choices, 

including smoking habits, higher education levels and more physical activity (25). Likewise, 

in the Swedish cohort study it was observed that women with high adherence to the HNFI had 

greater consumption of red meat, processed meat, sweets, sodium, potatoes, and total energy 

(98). Adherence was also linked with a higher fibre intake and a lower intake of saturated fats 

among the Swedish women (98).  

These findings suggest that adherence to the HNFI is associated with a mix of dietary factors 

that includes both components that are beneficial and others that are less so for health across 

cohorts, and that an energy-standardised version of the HNFI might give a better description 

of the overall quality of the diet.  

5.2.2 The Nordic food groups (Papers II and III) 

In this section, for each food group, I will start with a summary of our findings. Following 

this, I will explore some of the biological mechanisms relevant to NCDs, as these are major 

contributors to mortality. Covering the complexities of the numerous biological mechanisms 

associated with all food groups and their relation to mortality is beyond the scope of this 

thesis. However, I will address some key mechanisms that may support a causal relationship 

between the consumption of Nordic food groups and mortality outcomes. I will also review 

results from other studies, with a particular emphasis on Nordic populations if relevant 

literature exists.  
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5.2.2.1 Nordic fruits and vegetables (Paper II) 

We found that the association between Nordic fruits and vegetables and all-cause mortality 

was non-linear, with an optimal intake level observed around 200 grams per day, and a non-

significant higher mortality when consumption exceeded roughly 450 grams per day. 

Additionally, we observed that Nordic fruits and vegetables may offer greater benefits for 

women who are current or former smokers compared to those who have never smoked. 

Among the healthy Nordic food groups included in this thesis, Nordic fruits and vegetables 

consumption around optimal levels had the strongest association with all-cause mortality. 

However, it is also the category (along with whole grain products) where the diversity of 

Nordic varieties is least represented. As a result, our analysis is restricted to a relatively 

limited assortment, which constrains our capacity to comprehensively assess the impact of 

Nordic fruits and vegetables on all-cause mortality.  

Biological mechanisms 

Several mechanisms support a causal relationship between the consumption of Nordic fruits 

and vegetables and lower mortality. This could be attributed to the general characteristics of 

fruits and vegetables, which typically have low energy and high water content, aiding in 

weight management and potentially replacing less healthy food options (103). Additionally, 

the synergistic effects of various essential nutrients and phytochemicals are likely contributors 

to the observed benefits (104).  

Of particular interest in disease prevention are the various phytochemicals (bioactive, non-

nutritive compounds) found in plants (28). Polyphenol intake (a group of phytochemicals) has 

been associated with lower all-cause mortality (105), potential impacts on body weight status 

(106), and anti-carcinogenic actions (107). They are believed to work through the antioxidant 

and anti-inflammatory properties of polyphenols, as well as their favourable effects on blood 

pressure, lipid profiles, and insulin resistance.  

There are also some key groups of phytochemicals found in the Nordic varieties of fruits and 

vegetables which include glucosinolates, carotenoids, and flavonoids that may be protective 

against cancer and CVD development (33). Broccoli, cauliflower, and cabbage belonging to 

the brassica vegetables, are particularly high in glucosinolates which are sulphur-rich 

compounds almost exclusively found in these plants (108). Upon ingestion, glucosinolates are 

metabolized into a range of bioactive compounds that can inhibit tumour growth (108). 

Another compound found in broccoli is indole which has phytoestrogenic activity, and may 

lower the risk of hormone-related breast cancer (109). Beyond their anticancer benefits, 

compounds in brassica vegetables also play a significant role in cholesterol metabolism and 

may be protective against CVD (109). 

β-carotenes, a type of carotenoid found in high amounts in carrots, are associated with 

reduced all-cause mortality (110). This may be attributed to β-carotenes potent antioxidant 

properties, which play a crucial role in diminishing the oxidation of low-density lipoprotein 
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(LDL) cholesterol, thereby offering protection against the development of atherosclerosis and 

CVD. Additionally, as a provitamin A, β-carotene is involved in strengthening the immune 

system, further contributing to its potential health benefits (110).  

Consumption of apples has been linked to a reduced risk of heart disease and related risk 

factors (111). This beneficial effect is believed to stem from the rich flavonoid content, 

including compounds such as quercetin and anthocyanins. These flavonoids enhance the 

health of the endothelium (the inner lining of blood vessels) which can aid in regulating blood 

pressure, and have also been found to inhibit cancer cells (107). 

On the other hand, the non-linear association and the potential negative impact observed at 

higher intake levels may be attributed to the fact that excessive quantities of most nutrients 

and bioactive compounds can elevate the risk of disease compared to an optimal intake (29, 

112).  

Findings from other studies 

Our findings are consistent with those from the systematic review and meta-analysis of 

prospective studies by Schwingshackl et al., which also reported on optimal intake levels of 

food groups. Similar, to our study, a non-linear association was observed between the intake 

of fruits and vegetables and mortality (64). The optimal combined intake level was identified 

at 500 grams per day, with approximately a 10% reduction in mortality for every 80-gram 

increment, up to a maximum benefit at 250 grams each for fruits and vegetables. 

Current evidence on all fruits and vegetables supports our findings on the Nordic varieties 

regarding all-cause mortality, showing that risk reduction is more pronounced at lower intake 

levels compared to no consumption (33). However, the maximum benefit, or optimal intake 

levels, is achieved with an intake of approximately 400-480 grams per day (113), or even up 

to 800 grams per day for all fruits and vegetables (114), beyond which the risk reduction 

tends to plateau. However, our results do not support an increased benefit from consuming 

amounts of Nordic fruits and vegetables above these optimal levels, as mortality may be 

higher at the highest intake levels.  

We observed 17% lower mortality at optimal intake levels for Nordic fruits and vegetables in 

relation to no consumption, compared to a 32% reduction in mortality for all fruits and 

vegetables at 800 grams per day in men and women, as reported by Aune et al. (114). In 

studies focusing on Nordic populations, Hjartåker et al. conducted a prospective cohort study 

involving Norwegian men and found that those who frequently consumed fruits, vegetables, 

and berries experienced a 10% lower all-cause mortality compared to those with lower 

consumption levels (115).  

Among the Nordic varieties, there is evidence suggesting that brassica vegetables (broccoli, 

cauliflower, and cabbages), as well as apples and pears, may contribute to the observed 

beneficial effects in relation to all-cause mortality (114). Also, as previously mentioned, 
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Olsen et al. found that intake of cabbages and root vegetables above the cohort median was 

associated with lower all-cause mortality compared to those with lower consumption levels 

(25).  

Our observations concerning current and former smokers are supported by a previous study 

that identified a protective effect from fruits and vegetable consumption against lung cancer 

among smokers (116). 

5.2.2.2 Whole grain products (Paper II) 

Our analyses indicate a linear association between increased consumption of whole grain 

products and lower all-cause mortality. Consuming 180 grams or more per day, compared to 

less than 60 grams, was associated with 11% lower all-cause mortality.  

However, the limited dataset on varieties of whole grain species and whole grain products, as 

well as the whole grain content in the bread and breakfast cereals included in the exposure, 

restricts our understanding of the association between Nordic whole grains/whole grain 

products and mortality. This limitation is also combined by the predominance of wheat as the 

primary whole grain consumed in Norway.  

Biological mechanisms 

Several mechanisms support a causal association between whole grain products and lower 

mortality, likely due to the synergistic interactions among various types of fibres, 

micronutrients, lipids, and phytochemicals found in whole grains. These components 

collectively contribute to longevity for instance by enhancing blood lipid profiles, blood 

glucose levels, improving endothelial function, and diminishing inflammation (117). 

Dietary fibres and carbohydrates, including arabinoxylan, pectin, β-glucan, and resistant 

starch, are integral to the health-promoting properties of whole grains. Viscous fibres such as 

β-glucan (abundant in oats and barley) and arabinoxylans (found in rye and wheat) reduce the 

glycaemic response and cholesterol absorption, thereby impacting blood glucose and lipid 

levels (117). Additionally, dietary fibres significantly influence the gut microbiota 

(comprising bacteria, viruses, archaea, and eukarya) primarily residing in the colon (118). 

While the complex interplay between whole grain dietary fibres and the gut microbiota is 

beyond the scope of this thesis, it is important to comment that the gut microbiotas production 

of short-chain fatty acids (SCFAs) from fermentation of fibre may have a preventive role 

against CRC. The microbiota is also involved in the production of neurotransmitters and 

hormones through intricate pathways, which in turn regulate metabolic, cardiovascular, and 

immunological processes. Consequently, the gut microbiota is associated with the risk of 

CRC, cardiovascular disease (CVD), and related risk factors such as obesity and type 2 

diabetes (118). 
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Findings from other studies 

Consistent with the findings of Schwingshackl et al., we observed a linear association with 

whole grain products, similar to their observation on whole grains. In their study, the 

maximum benefit was noted at an intake of 90 grams of whole grains per day, which 

corresponded to a 21% reduction in mortality at this level. Assuming that the whole grain 

bread included in our whole grain products group contain about 50% whole grains, our results 

align with these findings (64). 

Most of the literature supports the notion that increased consumption of whole grains or 

whole grain products is associated with lower all-cause mortality, with effect estimates 

indicating a 10-20% reduction in mortality among those with high consumption levels, and a 

somewhat stronger association within Scandinavian populations (119). This supports our 

findings, which show an approximately 11% lower mortality among women consuming the 

highest amounts of whole grain products compared to those consuming less than 60 grams per 

day (119).  

While most research on whole grain has been in US populations mostly consuming wheat 

(119), studies in Scandinavian populations have linked total whole grain intake, including 

breakfast cereals and non-white bread, to lower all-cause and cancer mortality, with breakfast 

cereals also associated with lower CHD mortality (120). Doubling the intake of oat and rye, 

key components of the healthy Nordic diet, was associated with lower mortality among 

women (120). 

Our findings suggest that whole grain products, which are predominantly wheat-based, appear 

to be beneficial. This observation aligns with results from the Swedish cohort study on the 

HNFI (50). In contrast, the consumption of rye bread did not show a significant association 

with the mortality of Danish women in the HNFI study (25). However, given the broad 

categorization of Danish participants into high or low consumers of whole grain rye, and the 

limited information regarding the impact of different whole grain varieties in both the 

Swedish cohort and our study, we can only assume that a higher intake of whole grain 

products including mainly wheat and smaller amounts of rye, barley, and oats, seems to offer 

protective benefits.  

5.2.2.3 Low-fat dairy products (Paper II) 

We found that the association between low-fat dairy products and all-cause mortality was 

non-linear, with an optimal intake level observed around 200 grams per day whereas higher 

intake levels above 800 grams per day was not beneficial. In the categorical analyses, 

consuming less than 200 grams of low-fat dairy products, compared to no consumption, was 

associated with 9% lower all-cause mortality. However, the estimate from the restricted cubic 

spline did not reach significance, indicating that the observation from the categorical analyses 

may not be very robust. 
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Biological mechanisms 

This observed non-linear relationship may be attributed to the dual nature of dairy products, 

which are rich sources of numerous essential nutrients beneficial to health yet, may also 

contain saturated fat. Dairy products provide over 60 % of calcium and iodine, and 

approximately 40 % of dietary saturated fat in the Norwegian diet (121).  

The recommendation of replacing high-fat dairy products with low-fat dairy stems from the 

theory that saturated fats contribute to the elevation of LDL-cholesterol levels (121), which 

are involved in the initiation and development of atherogenesis (122). Although our analyses 

focused on low-fat dairy products, they still contain some saturated fat, which may account 

for the observed higher mortality at increased consumption levels. However, current evidence 

reviewed in relation to NNR23, challenges the presumed link between dairy product 

consumption and dyslipidaemia. Notably, it highlights that higher consumption of fermented 

dairy products, such as yogurt and cheese, is associated with lower LDL-cholesterol levels 

(74).  

The beneficial association we observed at lower intake levels of low-fat dairy products may 

be related to the protective link between dairy products and CRC (74), likely due to the 

calcium content in dairy products. Calcium can bind to bile acids and free fatty acids, thereby 

reducing the proliferation of cancer cells. A previous study in NOWAC observed a weak 

protective association between milk intake and CRC incidence (99). Additionally, the 

presence of live bacteria in some fermented products can enhance the bioavailability of 

certain nutrients, strengthen immune function, and combat pathogenic bacteria, potentially 

offering further protection against CRC (123).  

Findings from other studies  

Our result on low-fat dairy products is supported by Schwingshackl et al. This study observed 

a non-linear association between dairy consumption and mortality, identifying the optimal 

intake level at 200 grams per day, similar to our analysis on low-fat dairy. At this intake level, 

the estimates indicated a 3% reduction in mortality, whereas intakes above this level were 

associated with higher mortality (64). 

Current evidence from the scoping review related to NNR23 concludes that dairy products, 

especially low-fat and fermented varieties such as yogurt and cheese, are beneficial for 

cardiometabolic risk factors and are associated with a lower risk of CRC (74). In relation to 

all-cause mortality some studies indicate that increased intake of fermented dairy products, 

such as yoghurt and cheese, are protective, while non-fermented milk consumption is 

associated with higher CHD mortality (124). In our analyses, the primary component of the 

low-fat dairy was low-fat milk, and we could not differentiate between fermented and non-

fermented types, suggesting that our included dairy products (which did not include low-fat 

cheese) may not adequately capture the consumption of fermented dairy products. 
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Dose-response meta-analyses of prospective cohort studies have linked high-fat milk 

consumption to higher mortality from all causes, CVD, and cancer. Conversely, higher total 

dairy intake has been associated with lower CVD mortality (125). It is plausible that the 

higher mortality observed for high-fat milk in these meta-analyses is related to its saturated fat 

content. However, the fact that total dairy, likely consisting of products with even higher 

amounts of saturated fat, does not show convincing evidence for higher CVD risk (74), it is 

plausible that other factors in non-fermented milk may affect mortality. Since our analysis 

included low-fat milk, we cannot dismiss the possibility that the observed higher mortality at 

higher intake levels could be associated with other milk components, such as lactose content 

(123). 

A meta-analysis of eight prospective cohort studies revealed that, although the highest 

consumption category of yogurt, compared to the lowest, did not show an association with 

mortality, a daily intake of 200 grams was linked to reduced mortality. This finding supports 

our results (126).  

In a Swedish cohort with high non-fermented milk intake, individuals consuming non-

fermented milk ≥ 2.5 times per day, compared to those consuming ≤ 1 time per week, 

experienced a 32 % higher all-cause mortality, regardless of fat content. On the other hand, a 

higher intake of fermented milk and yoghurt was linked to 10 % lower all-cause mortality, 

while cheese consumption correlated with 7% lower all-cause mortality for both women and 

men (127).  

These findings are consistent with those from a previous cohort study in another Swedish 

population, which observed that each additional glass of milk was associated with 15 % 

higher all-cause mortality among women, and 3 % among men (128). However, in Denmark, 

a cohort study found no associations between total or fermented dairy and all-cause mortality, 

but a higher consumption of low-fat milk was associated with 23 % lower all-cause mortality 

(129). Yet another Danish study suggested that replacing milk, regardless of its fat content, 

with whole-fat yoghurt and cheese was associated to a lower risk of myocardial infarction, 

questioning the advice to replace high-fat dairy with low-fat alternatives for CVD prevention 

(130).  

5.2.2.4 Lean fish and fatty fish (Papers II and III) 

We found that the consumption of fatty fish that was associated with lowest all-cause 

mortality, was roughly between 10 and 20 grams per day compared to no consumption, 

although this observation was not statistically significant. However, higher consumption, 

exceeding 60 grams per day, was not beneficial among these women as we observed higher 

mortality above this consumption level (Paper II). When processed fatty fish products, like 

mackerel in tomato, were included in the fatty fish category in Paper III, fatty fish 

consumption was linearly associated with higher all-cause, cancer, and CVD mortality.  
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In contrast, increasing consumption of lean fish was weakly associated with lower mortality 

in Paper II. When processed lean fish products, such as fish fingers and fish cakes, were 

included in Paper III, the association with all-cause mortality became non-linear but also more 

markedly beneficial. The curve flattened between an intake of approximately 40 to 60 grams 

per day, suggesting that beyond this range, increased consumption was not associated with 

additional benefits for longevity. The consumption of lean fish was linearly associated with 

lower cancer and CVD mortality. 

Biological mechanisms 

Our results do not provide robust support for the current recommendations that at least 200 

grams of the weekly intake for fish should be fatty fish. This finding is somewhat surprising 

as fatty fish is a main source of marine omega-3 long-chained fatty acids like 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are thought to be 

protective against CVDs. Some key mechanism behind the importance of these fatty acids is 

that they are part of our cell membranes, influencing the fluidity of the cell membrane, 

signalling, and regulation of genes involved in lipid metabolism. They may also have anti-

inflammatory effects (67).  

However, the nutrient content, including beneficial fatty acids, varies among different fish 

species and there are notable differences in the nutritional composition of wild, and the most 

commonly consumed farmed, salmon (131). Wild Atlantic salmon, which feeds on marine 

foods, typically has high levels of EPA and DHA. In contrast, farmed salmon is primarily fed 

a diet with 70% plant-based ingredients, leading to a 50% reduction in omega-3 fatty acid 

content (131). This significant alteration of the diet for farmed salmon, could have 

implications for human health, considering the critical role of omega-3 fatty acids in the 

human body, particularly for cardiac-, immune- and brain cells (67, 131). 

Fatty fish is also a source of persistent organic pollutants (POPs) that are linked to detrimental 

health effects including cancer, reproductive and developmental problems, and disruption of 

the immune and endocrine system (132). A Norwegian study published in 2021, examined the 

levels of essential nutrients— EPA, DHA, and vitamin D—and the presence of POPs in 

Norwegian Atlantic herring, Atlantic mackerel, and Atlantic farmed salmon (132). The 

nutrient content was assessed against recommended daily intake levels, while the contaminant 

levels were measured against the Tolerable Weekly Intake (TWI) thresholds established by 

EFSA. The findings suggest that adhering to the recommended intake levels for fatty fish, 

including farmed salmon, met the health benefits derived from their nutrients and the potential 

risks posed by the contaminants (132). This implies that consuming more than the 

recommended intake of fatty fish could result in exceeding the TWI for certain contaminants 

and could be reflecting the negative impacts of high fatty fish intake in our study.  

Another factor that may support the observed negative impact of high consumption fatty fish 

in this thesis, is process-induced contaminants, such as polycyclic aromatic hydrocarbons 

(PAHs) and heterocyclic aromatic amines (HAAs). These compounds are classified as 
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carcinogens and can form during cooking or processing of both fish and meat, especially 

when subjected to high temperatures. Fatty fish and meats are more likely to have increased 

levels of PAHs, as the preparation of these foods involves melting of fat that generates smoke 

under high temperatures. Using fish with lower fat content can reduce the formation of PAH 

(133).  

We observed a more pronounced association between the consumption of fatty fish and all-

cause mortality in Paper III which included processed fish varieties such as canned or smoked 

fish. This observation may suggest a potential link between the processing methods of fatty 

fish and health outcomes. Among the processed fish products examined in Paper III, canned 

mackerel in tomato sauce was one component, and higher levels of N-Nitrosamines have been 

detected in canned fish products (see section 5.2.2.5 for a more detailed explanation of N-

Nitrosamines and health implications). These findings point to the possibility that certain 

processing techniques or additives used in preserving fatty fish may contribute to the 

observed higher mortality. 

The protein content varies among various fish species, and there is some evidence to suggest 

that proteins derived from lean fish may improve metabolism, such as enhancing insulin 

sensitivity, optimizing glucose metabolism, improving lipid profiles, and positively affecting 

body composition (134). The high content of proteins with high bioavailability along with the 

low energy density may also influence satiety which may be beneficial in appetite control 

(135). The health benefits of lean fish consumption may also be related to the displacement of 

other foods such as red and processed meat in the diet, which has been linked to higher all-

cause mortality (136, 137).  

Findings from other studies 

Our results for lean and fatty fish are not directly comparable to the findings reported by 

Schwingshackl et al., who analysed total fish consumption. In their meta-analysis, they 

observed a 10% reduction in mortality at an intake level of 200 grams per day (64). 

Based on the evidence from the comprehensive review on fish consumption for NNR23, it 

was concluded that there is strong evidence associating fish consumption with lower all-cause 

mortality, which supports our observations for lean fish. Additionally, weak associations were 

found between fish consumption and a reduced risk of cancer, while there was strong 

evidence supporting a protective association between fish consumption and risk of CVDs 

(67). High total fish intake was, specifically highlighted to be protective against CHD and 

stroke incidence, as well as myocardial infarction (MI).  

A systematic review on prospective cohort studies, found a nearly U-shaped association 

between all-cause mortality and fish consumption in Western studies, with the most beneficial 

consumption level at around 20 grams of fish per day, while the association appeared to be 

linear in Asian studies (138). This might be related to types of fish consumed, preparation 

methods, and differences in local nutrients and contaminant levels.  
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In contrast to our results, a systematic review and meta-analysis of prospective cohort studies 

including studies from the US, Europe, and Asia, found that the highest versus the lowest 

intake of fatty fish was associated with 3 % lower all-cause mortality, while the association 

between lean fish and all-cause mortality was not significant (139). Yet, a large prospective 

cohort study across 10 European countries found no association between total fish 

consumption, whether lean or fatty, and all-cause mortality for either men or women (38). 

However, evidence suggests that lean fish, but not fatty fish, is associated with beneficial 

changes in risk factors for morbidity and mortality, such as improvements in abdominal 

obesity, lipid profile, and blood pressure in a study including Norwegian men and women 

(140).  

5.2.2.5 Red and processed meat 

Our findings indicate that consuming processed meat in quantities exceeding 30 grams per 

day is associated with higher all-cause, cancer and particularly with higher CVD mortality. 

This higher risk was not observed for those who consume less than this amount. Consumption 

of red meat was not associated with any mortality outcomes in our study.  

Biological mechanisms 

The potential negative health impact of processed meat consumption may be linked to various 

factors associated with carcinogenic substances and cardiometabolic disturbances.  

IARC has classified processed meat as a Group 1 carcinogen, signifying that there is 

convincing evidence to support the conclusion that processed meat consumption cause cancer 

in humans (141). This conclusion is based on consistent findings across various 

epidemiological studies conducted in different populations, as well as mechanistic evidence 

derived from experiments on both human tissues and animals, suggesting that the association 

is not likely due to chance or confounding factors. Red meat has been categorized as a Group 

2A carcinogen, meaning it is probably carcinogenic to humans. This classification reflects 

strong evidence that suggests a probable causal relationship between red meat consumption 

and an increased risk of cancer (141).  

Several biochemical mechanisms have been proposed to explain the carcinogenic potential of 

red meats, with extra considerations for processed meats. One key mechanism is the presence 

of heme-iron in red and processed meat, which can facilitate the formation of endogenous N-

Nitrosamines and lipid peroxidation products in the digestive tract which can induce DNA 

damage (142). It is estimated that up to 97% of our exposure to N-Nitrosamines arises from 

endogenous production within the body, with dietary sources accounting for the remaining 

contributions (143). The use of nitrites as preservatives in red meat processing can lead to the 

formation of N-Nitrosamines, particularly in meats that have been cooked or smoked.  

However, this is not exclusive to red meats; as previously mentioned, processed fish also 

exhibit elevated formation of N-Nitrosamines, and high level is found in canned and salted 

fish (143).  
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In relation to CVD mortality, it has been proposed that N-Nitrosamines may also act as a risk 

factor for CVDs by promoting the formation of free radicals, which contribute to the 

development of atherosclerosis, and by contributing to an increase in LDL-cholesterol levels 

(144). Similarly, excessive iron, may contribute to the development of CVDs through the 

induction of oxidative stress. Additionally, high iron levels can lead to diminished glucose 

sensitivity, owing to iron deposition in pancreatic cells (145). This can also adversely affect 

insulin secretion and heighten the risk of type 2 diabetes, which is a recognized risk factor for 

CVDs (145, 146) . 

Cooking red meat at high temperatures results in the formation of HAAs and PAHs, as 

explained in relation to fish. Given that processed meats typically contain additional fat, they 

may produce greater quantities of these harmful compounds than unprocessed red meat (142).  

Processed meats are significant sources of saturated fats which have been linked to an 

increased risk of cardiovascular disease (CVD) (145). Red and processed meat intake have 

also been connected to obesity which increases the risk of CVDs (147).  

A distinguishing factor of processed meats is their high sodium content, unlike unprocessed 

red meats, which do not contain added sodium. High sodium intake can adversely affect the 

renin-angiotensin-aldosterone system, leading to increased blood pressure—a well-known 

risk factor for CVD (148).  

Findings from other studies 

In contrast to our findings, a linear association between both red and processed meat 

consumption and all-cause mortality was observed by Schwingshackl et al. (64). Consistent 

with our results, non-linear associations were observed between processed meat intake and 

all-cause and CVD mortality. Additionally, stronger associations with all-cause and CVD 

compared to cancer mortality were observed in dose-response meta-analyses of prospective 

cohort studies (136).  

The overall body of evidence, based on a large number of studies and systematic reviews, 

indicates an association between higher all-cause mortality and increased consumption of red 

meat, particularly processed meat (65). However, the evidence regarding cancer mortality 

remains inconclusive (65, 149).  

The EPIC study, which includes populations from several European and Nordic countries, 

including women participating in NOWAC, found that high versus low consumption of 

processed meat was associated with 44 % higher all-cause mortality for both men and women 

(150). High consumption was also associated with higher cancer and CVD mortality. Unlike 

studies in US populations, red meat consumption in Europe was not consistently associated to 

all-cause mortality, potentially due to lower consumption of meat in Europe compared to the 

US. In a Swedish cohort study, the highest versus lowest intake category of red meat was 

associated with 21 % higher all-cause mortality (151). 
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5.2.2.6 Non-linearity in relation to the HNFI 

As the HNFI was initially developed to evaluate whether greater adherence to the healthy 

aspects of Nordic diets was associated with longevity (25), and given that this was the initial 

intent of our project, I will briefly discuss our findings in this thesis, in relation of utilizing the 

HNFI for this specific purpose.  

A significant challenge in interpreting the risk estimates for the relationship between the 

HNFI and outcomes such as mortality, is that the score assign equal weight to each food 

group. This suggests that a higher index score, reflecting increased consumption across the 

included food groups, would uniformly contribute to mortality. Yet, as Paper II reveals, these 

food groups do not contribute equally to mortality. For example, when disaggregating the 

components of the HNFI, we find that Nordic fruits and vegetables exhibit a stronger 

association with mortality than the other food groups within a specific range of intake, and 

particularly compared to fatty fish. Should these foods have been analysed using the HNFI in 

relation to mortality, the interpretation of the findings, could mistakenly attribute health 

benefits to higher intake of fatty fish that are not supported by the data, while simultaneously 

misjudging the actual health benefits of Nordic fruits and vegetables.  

Based on the analyses conducted in Paper II, our findings do not support the underlying 

assumption of a linear relationship between all foods incorporated as index components in the 

HNFI, where higher intake levels are presumed to be more beneficial and thus receive a 

higher score in the index. However, while constructing a composite score that accounts for 

non-linear associations by rewarding the optimal range of intake—and not the intake ranges 

outside this optimal range—is feasible, it would still require a complex weighting of 

components in relation to their individual contributions to the relevant outcome. Given the 

uncertainties in the food estimates generated from FFQs, defining cut-offs is not 

straightforward, and the issues with comparability across studies and populations would still 

prevail.  

5.2.3 Specified substitution analyses (Paper III) 

Our results suggest that the impact of replacing meat with fish on mortality vary according to 

the specific type of meat being replaced, the choice of fish used as substitute, the quantity of 

meat intake, and the mortality outcome being examined. 

Our preliminary analyses indicated a non-linear relationship between processed meat 

consumption and mortality outcomes. Consequently, we conducted separate analyses for two 

groups: women whose level of processed meat consumption was associated with higher 

mortality (>30 grams per day), and those for whom processed meat intake did not show an 

association with mortality (≤ 30 grams per day).  

We did not observe any associations when replacing processed meat with fish among women 

who consumed ≤ 30 grams per day; therefore, the subsequent results and discussions pertain 

to women with a higher intake of processed meat. Additionally, since no associations were 
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observed when replacing unprocessed red meat with fish and the combined intake of red and 

processed meat are driven by processed meat, the following discussion will focus on 

processed meat. 

In women whose intake of processed meat is associated with higher mortality, substituting 

one unit of 20 grams of processed meat with an equivalent unit of lean fish may enhance 

longevity, with a particular impact on mortality from CVDs. Specifically, for every 20-gram 

substitution of processed meat with lean fish, we observed an 18% lower CVD mortality 

among these women. Additionally, our estimates indicate an 8% lower all-cause and cancer 

mortality per unit of processed meat substituted with lean fish. Substitution with fatty fish 

appears to be beneficial specifically for CVD mortality, with an estimated 13 % lower 

mortality per unit of substitution, but not in relation to all-cause or cancer mortality.  

Biological mechanisms 

Several mechanisms support a causal relationship between replacing processed meat with fish 

and lower mortality, particularly concerning CVD mortality among women with higher 

processed meat intake. These mechanisms are related to factors discussed in sections 5.2.2.4 

and 5.2.2.5 and will only be briefly mentioned in the following.  

Firstly, substituting processed meat with both types of fish decreases the intake of saturated 

fat and heme iron, both of which have been linked to a higher risk of cardiovascular diseases 

(CVDs) (sections 5.2.2.4 and 5.2.2.5). Replacing processed meat with fish not only reduces 

saturated fat consumption but also replaces it with EPA and DHA fatty acids. Unlike 

saturated fats, these fatty acids are known to benefit cardiovascular health (sections 5.2.2.4 

and 5.2.2.5). Fatty fish contain higher amounts of these fatty acids compared to lean fish. 

Therefore, based on this component, replacing processed meat with fatty fish was expected to 

be more beneficial than replacing it with lean fish, however this is not supported in our data.  

Furthermore, depending on the type of fish, as well as the processing and cooking methods 

used, replacing processed meat with fish can reduce exposure to harmful compounds such as 

PAHs, HAAs, and N-nitrosamines (sections 5.2.2.4 and 5.2.2.5). However, several of these 

compounds could similarly influence both processed meat and fatty fish consumption, which 

might explain the more pronounced benefits observed when substituting processed meat with 

lean fish. These include the formation of N- Nitrosamines and the presence of processing-

induced contaminants, which are often the result of smoking, curing, or frying at high 

temperatures (sections 5.2.2.4 and 5.2.2.5). Cooking methods often differ by type of fish; for 

example, salmon is typically pan-fried, while cod is usually poached. These varying cooking 

techniques may play a role in the distinct health outcomes associated with replacing processed 

meat with different types of fish. However, this benefit from poached fish was not observed in 

relation to colon cancer incidence in NOWAC (152).  
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Findings from other studies 

The extensive reviews conducted for the NNR23 highlighted that there is a knowledge gap 

regarding the health implications of substitutions for red and processed meat (65), and as 

highlighted in Paper III, to the best of my knowledge, there are no studies directly comparable 

to ours that conduct separate analyses concerning meat consumption while also differentiating 

between lean and fatty fish.  

However, in a meta-analysis of prospective cohort studies that assessed the risk of CHD and 

all-cause mortality associated with substituting red and processed meat with fish/seafood and 

other protein sources, it was found that replacing one serving of total red meat with 

fish/seafood was linked to an 8% reduction in all-cause mortality which is similar to our 

results for lean fish (66). However, this substitution was not associated with the risk of CHD 

in the same meta-analysis (66). Specifically for the Danish cohort study, which was included 

in the above-mentioned meta-analyses, substituting processed meat—as well as the combined 

intake of red and processed meat, but not red meat alone—with total fish was associated with 

lower all-cause and cancer mortality (153). This supports our results regarding lean fish, and 

also the results on unprocessed red meat in a comparable Nordic population.  

In relation to type 2 diabetes incidence, which is a risk factor for increased mortality, a study 

that assessed the impact of replacing red and processed meat with alternative protein sources, 

found no association when red and processed meat were replaced with fish in the EPIC-Inter 

Act study (154).  
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6 Conclusions 

Drawing from three papers that investigate various aspects of the healthy Nordic diet and its 

impact on mortality among middle-aged Norwegian women, there are several conclusions that 

have been reached. 

• Among middle-aged Norwegian women, adherence to the HNFI is relatively low with 

most women classified as medium adherers. High adherence is associated with a 

generally higher food and energy intake, aligning with findings from other Nordic 

countries. This suggests that energy standardization of the HNFI should be performed 

in future studies. 

• Food groups central to the healthy Nordic diet may have non-linear associations with 

health outcomes. Establishing optimal intake levels is complex and warrants further 

examination in future studies.  

• Our results underline the importance of a varied diet. Moderate consumption of the 

included food groups is either beneficial or not significantly associated with higher 

mortality at lower intake levels. Conversely, higher intake of perceived healthy foods 

like fatty fish and low-fat dairy, as well as processed meat, may not be beneficial. 

• The promotion of Nordic fruits and vegetables, whole grain products, and lean fish 

consumption is supported as integral components of a healthy Nordic diet. In contrast, 

fatty fish, and specifically processed fatty fish products, may be less beneficial than 

previously assumed. This is particularly concerning and warrants further examination 

given the strong public health messages promoting increased consumption of fatty 

fish, including processed products. 

• Replacing processed meat with lean fish in women consuming moderate or higher 

amounts of processed meat is recommended to enhance longevity. 

• The promotion of both lean and fatty fish as replacements for moderate or high intake 

of processed meat is particularly supported for women with a higher risk of 

cardiovascular disease. 
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7 Future perspectives 

In line with the goals on NCDs reduction with a necessary shift to healthy and sustainable 

diets as outlined in the background of this thesis, future research should continue to examine 

the health benefits of Nordic dietary patterns with emphasis on local and seasonal foods. I 

will suggest some future studies/perspectives on insights gained from this project:  

1. Track adherence to the healthy Nordic diet over time, enabling monitoring of both 

overall dietary patterns and specific food group consumption within the diet. 

2. Apply an energy-standardised version of a composite diet score to measure adherence 

to the healthy Nordic diet in relation to nutrient adequacy of the diet. 

3. Investigate fatty fish, and particularly products of fatty fish, in relation to mortality 

and incidence of NCDs and related risk factors by:  

a. Conduct further research in cohort studies, including men, to explore the 

association between fatty fish and its products with mortality and other health 

outcomes such as CRC, type 2 diabetes, and CVDs. 

b. Analyze commonly consumed fatty fish products in Norway for N-

Nitrosamines and other contaminants related to environmental factors and 

processing.  

c. Further explore the optimal consumption levels for fatty fish to balance 

benefits and potential risks, as previous attempts have been limited due to a 

lack of data. 

4. Unprocessed meat and processed meat should be treated as separate exposures in 

analyses on health outcomes, as only processed meat consumption was associated 

with mortality. 

5. Investigate transitioning towards a healthy Nordic dietary pattern for disease 

prevention with specified substitution analyses within individuals with repeated 

measurements to assess the impact on common NCDs such as CRC and other cancer 

outcomes, type 2 diabetes, CVD incidence and risk factors in both women and men. 

This approach will provide more robust data compared to cross-sectional analyses. 

Potential dietary changes to examine include:  

a. Replacing processed meat with lean and fatty fish to confirm our results. 

b. Replacing processed meat with legumes, fermented dairy products, and whole 

grains. 

6. Examine food biodiversity in the context of the healthy Nordic diet:  

a. Study a broader variety of both wild and cultivated plants in relation to nutrient 

content and bioactive compounds specific to their terroir. 

b. Explore the relationship between food biodiversity and outcomes such as 

mortality, incidence of NCDs, and associated risk factors. 

7. Examine motivators and barriers for changes towards a healthy Nordic dietary pattern 

with inclusion of specific varieties of Nordic fruits, berries and vegetables, legumes, 

whole grain rye, oats, and barley in younger adults. 
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Popular scientific summary
•	 This study assessed the dietary composition and lifestyle factors associated with adherence to the 

Healthy Nordic Food Index by energy-adjusted methods.
•	 Energy-adjustment pointed to a better dietary composition among high adherers.
•	 High adherers had a larger fraction of healthy Nordic foods at the expenses of other healthy foods in 

the diet.
•	 High adherers had an overall healthier lifestyle.
•	 Careful adjustment for confounders is warranted when assessing associations between the index and 

health outcomes.

Abstract

Background: High adherence to the Healthy Nordic Food Index has been associated with better health out-
comes, but the results have not been consistent. The association between high adherence and higher intake 
of energy and healthy and less healthy foods has been persistent across countries, highlighting the need to 
examine potential confounding by energy intake.
Objective: This study aimed to examine energy-adjusted dietary factors and lifestyle factors related to the 
index in a Norwegian context.
Design: The study was cross-sectional within the Norwegian Women and Cancer cohort and included 81,516 
women aged 41–76. Information about habitual food intake was based on a food frequency questionnaire 
(FFQ). The index incorporated six food groups (fish, root vegetables, cabbages, apples/pears, whole grain 
bread, and breakfast cereals). Ordered trend and regression analyses were performed to assess the association 
between the index and lifestyle and dietary factors with energy-adjusted models.
Results: Nearly one out of four women (22.8%) had low adherence, 49.0% had medium adherence, and 28.2% 
had high adherence to the index. Intake of energy and of both healthy and less healthy foods increased with in-
creased adherence. Energy adjustment removed the associations between less healthy foods and high adherence 
and demonstrated a better dietary composition in high adherers. The healthy Nordic foods contributed more to 
the total food intake in high versus low adherers, and high adherence was associated with a healthier lifestyle.
Conclusion: High adherence was associated with a healthier lifestyle, both concerning diet and other factors. 
Energy adjustment of potential confounding foods removed associations between high adherence and less 
healthy foods. The Nordic foods accounted for a larger fraction of the diet among high adherers, at the ex-
pense of other healthy foods. Careful adjustment for confounders is warranted when assessing associations 
between the index and health outcomes.

Keywords: healthy Nordic diet; dietary index; dietary pattern regional diet; the environmental impact of foods; energy adjustment
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The Mediterranean diet has been related to improved 
health since the first major studies of  the food patterns 
typical of  Crete in the 1960s (1). This dietary pattern 

consists primarily of  plant foods (i.e. fruit, vegetables, 
whole grain, potatoes, beans, nuts, and seeds), moderate 
amounts of  fish and poultry, low amount of  red meat, 
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and fat primarily from olives, and is strongly associated 
with reduced cardiovascular risk factors and disease 
(1–3). The use of  indices that measure dietary patterns, 
such as in the studies on the Mediterranean diet, has be-
come quite widespread in nutritional research (4). In re-
cent years, there has been a growing interest in studying 
traditional Nordic foods by similar methods in order to 
investigate whether healthy regional based diets defined 
by an a priori index could display similar health benefits 
as the Mediterranean diet (5–8). In this context, several 
diet scores measuring adherence to healthy aspects of  a 
Nordic diet have been developed, such as the Healthy 
Nordic Food Index, the New Nordic Diet, and the Baltic 
Sea Diet Score (7–9). High adherence to any of  the three 
indices is associated with a more physically active life-
style, and by design, high adherers have a higher intake 
of  healthy foods such as whole grains, fish, fruits, and 
vegetables and thereby of  essential nutrients. However, 
high adherence has been associated with a higher energy 
intake in all three indices, and with a higher intake of  less 
healthy foods such as red meat and processed meat, and 
sweets in the Healthy Nordic Food Index and in the New 
Nordic Diet, and with a higher level of  sodium in the 
Baltic Sea Diet Score. For individuals with higher energy 
requirements, and consequently a higher food intake, it 
could be easier to surpass the cutoff  values and thereby 
get a high index score even with a less balanced diet. This 
is a general problem in studies on indices measuring di-
etary patterns, and this is why energy adjustment is rec-
ommended in these types of  studies (10). The Healthy 
Nordic Food Index has not been investigated in a Nor-
wegian context, but it is desirable to do so as high score 
on the index in some (11–14), but not all (15, 16), studies 
has been linked to lower risk of  myocardial infarction, 
stroke, type-2 diabetes, and colorectal cancer in women 
in other countries. Furthermore, a new WHO report 
evaluated the health effects associated with a healthy 
Nordic diet and encourages the Nordic countries to in-
vestigate how it can be transformed into dietary advice 
that can be implemented in the population (17). In order 
to evaluate the effect of  this, there is a need for baseline 
documentation and generally better understanding of 
factors related to the healthy Nordic diet in all Nordic 
countries.

The items included in the original Healthy Nordic 
Food Index (i.e. rye bread, fish, apples and pears, root 
vegetables, cabbages, and oatmeal) were chosen due to 
their positive association with health outcomes, the abil-
ity to be produced in the Nordic nature without the use 
of external energy, traditional use as foods in the region 
(e.g. not as spices), and availability in the FFQ used in 
the study (7). A diet based on local produce and food 
traditions is considered easier to comply with and takes 
the environmental impact of foods into account (14, 15, 

18). This study aimed to describe how the Healthy Nor-
dic Food Index was adapted to the information included 
in the Norwegian Women and Cancer (NOWAC) cohort 
and to describe the relationships between the adherence 
categories on the Healthy Nordic Food Index and the en-
ergy adjusted dietary composition and lifestyle factors in 
the NOWAC cohort.

Materials and methods

Participants
The NOWAC cohort is a prospective nationwide study 
with more than 170,000 participants (19). In short, the co-
hort recruitment took place from 1991 to 2007 in batches 
consisting of women randomly drawn from the central 
national population registry. Participants answered a 
self-administered questionnaire about hormonal and 
reproductive factors, smoking, alcohol, tanning habits, 
socio-economic conditions, height and weight, physical 
activity, participation in mammography screening, breast 
cancer in the family, other diseases, and self-reported 
health. Follow-up questionnaires were mailed to some 
of the participants. A majority of the questionnaires 
included four pages with food frequency questions. The 
baseline for this study is partly the first NOWAC mailing 
from 1996 to 1997 and 2003 to 2004 (response rate of 57 
and 48%, respectively), and partly the second mailing (fol-
low-up questionnaire) from 1998 to 99 to those enrolled in 
1991 to 1992, who at enrolment had not answered an FFQ 
questionnaire (response rate of 81%). In total, this cohort 
comprises 101,321 women aged 41–76 at baseline, who 
answered questionnaires that included the food frequency 
questions. Participants with missing data on food items 
included in the Healthy Nordic Food Index (n = 3,913); 
with an extreme energy intake either <2,500 kJ (n = 924) 
or >15,000 kJ (n = 138) (20); or with missing data on 
height (n = 861), weight (n = 1,229), smoking status (n = 
1,511), physical activity (n = 7,198), or years of education 
(n = 4,031) were excluded, leaving 81,516 participants for 
the analyses.

The NOWAC cohort has received approval for the 
collection and storing of questionnaire information. All 
data are stored and handled according to the permission 
given by the Norwegian Data Inspectorate. Participants 
have given informed consent, and ethical approval for the 
NOWAC cohort has been obtained from the Regional 
Committee for Medical and Health Research Ethics 
(REK).

Dietary assessment
Diet was assessed using a semi-quantitative FFQ. The 
FFQ was designed to capture the typical diet during the 
past year, covering traditional foods in Norway with spe-
cial emphasis on fish consumption (21). The response 
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options were given in fixed frequencies and quantities 
check-boxes, with 4–7 frequency categories (e.g. carrots: 
never/seldom, 1–3 per month, 1 per week, 2 per week, 
3 per week, 4–5 per week, and 6–7 per week). For some 
food items, an additional question concerning the typi-
cal amount consumed per occasion (portion size) was re-
ported as natural units such as slices of bread, florets of 
broccoli and number of potatoes, or household units such 
as tablespoons, with alternatives ranging from 3 to 5 (e.g. 
carrots: 1/2 a carrot, 1 carrot, 1½ carrots, and 2+ carrots). 
The Norwegian Weight and Measurement Table, which 
has standardized portion sizes and weights, was used to 
convert the consumption of food items to grams (22). 
Information about energy and nutrient content in foods 
was obtained from the Norwegian Food Composition 
Database (23). The calculations of daily intake of food 
items, energy, and nutrients were done using a statistical 
program for SAS (SAS Institute Inc., Cary, NC, USA) 
developed at the Department of Community Medicine, 
University of Tromsø, for the NOWAC cohort. Miss-
ing values were substituted by conservative estimations, 
missing frequencies were treated as no consumption, and 
missing portion sizes were assumed to reflect the smallest 
portion size asked for. Food groups such as apples/pears 
were divided into single food items on the background of 
frequency weights obtained from a 24-h dietary recalls 
study within the NOWAC cohort (24).

Absolute and relative nutrient intakes
Total energy intake were calculated in kilojoule (KJ). The 
contribution of macronutrients (protein; carbohydrates; 
total fat; polyunsaturated-, monounsaturated-, satu-
rated-, and trans-fatty acids; and alcohol) was calculated 
as energy percentages (E%) of total energy intake and 
compared across adherence categories. The energy-ad-
justed intake of food items/nutrients was calculated by 
absolute intake of the food items/nutrients divided by en-
ergy intake (KJ) and scaled to intake per 7 MJ, which was 
the median energy intake in the cohort. This energy intake 
was chosen to compare absolute and energy-adjusted in-
take on the same relative scale.

The Healthy Nordic Food Index
The Healthy Nordic Food Index, first developed by Olsen 
et al., was applied as closely as possible for comparability 
with previous studies using the index (7). Six food groups 
were included in the index: fish, root vegetables (carrots 
and swede), cabbages (cabbage, broccoli/ cauliflower), 
apples/pears, whole grain bread, and breakfast cereals. 
Due to the available questions in the FFQ used in the 
NOWAC cohort, and to some extent differences in food 
culture between Denmark and Norway, the original rye 
bread category was replaced by whole grain bread, and 
breakfast cereals (breakfast cereals/oatmeal/muesli) re-
placed the original oatmeal category (Table 1). The index 

Table 1.  Food items from the food frequency questionnaire included in the calculation of the Healthy Nordic Food Index in the Norwegian 
Women and Cancer cohort

Index food category 
(number of questions)

Description of food items included  
in the index food category

Changes Scoring criteria Separate portion 
size question

Fish (12) Median

Fish as a main course (6) •	 Poached cod, pollock, haddock, Pollack
•	 Fried cod, pollock, haddock, Pollack
•	 Catfish/flounder/redfish
•	 Salmon/trout
•	 Mackerel
•	 Herring

Subcohorts 4 
and 5 include 
a category for 
‘other fish’

Yes

Fish spread (6) •	 Mackerel in tomato/smoked
•	 Mackerel
•	 Caviar
•	 Herring/anchovies
•	 Salmon, smoked/cured
•	 Other fish spread

Subcohort 1 includes questions  
on tuna and sardine. Subcohort 1  
and 2 include three categories,  
that is, mackerel in tomato/smoked 
mackerel, caviar, and other fish spread.

No*

Root vegetables (2) •	 Carrots
•	 Swede

Median Yes

Cabbage (2) •	 Cabbage
•	 Broccoli/cauliflower

Median Yes

Apples/pears (1) •	 Apples/pears Median No

Whole grain bread (1) •	 Whole grain bread Subcohorts 4 and 5 include a question 
on kneipp bread (partly whole grain).

Median No

Breakfast cereals (1) •	 Cereal/oatmeal/muesli Consumers/
non-consumers

No

*Correspond to the number of slices of bread with fish spread in the FFQ.
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components fish, root vegetables, and cabbages were based 
on several questions in the FFQ, whereas information on 
intake of whole grain bread, breakfast cereals, and apples/
pears originated from single question. Table 1 shows the 
food items in the FFQ that were included in the six food 
groups incorporated in the index. To compute the index 
score for each participant, the intake of each food item 
included in the index was divided by the cohort median to 
assign each participant either 1 point if  they were equal to 
or above the study median, or 0 point if  below the study 
median. For breakfast cereals, the median consumption 
was 0, so 1 point was given to the participants who con-
sumed any breakfast cereals. Finally, the assigned points 
for the six food groups were summed up, giving each par-
ticipant a score between 0 and 6.

Participants with 0–1 points were defined as low adher-
ers, those scoring 2–3 points were defined as medium ad-
herers, and those scoring 4–6 points were defined as high 
adherers (7).

Foods and nutrients not included in the index
Comparison of the absolute intake (gram/day) and the 
energy-adjusted intake (gram/7 MJ) of some food items 
outside the index that contribute to the total energy intake 
was included in the analysis to get a better understand-
ing of the dietary composition associated with adherence 
to the index. Some of these food items are not associated 
with a clear positive or negative health effect (i.e. milk and 
milk products, chicken, and potatoes), whereas red meat 
and processed meat, sodium and added sugar are consid-
ered less healthy, and other fruits (orange, banana, and 
‘other fruits’) and other vegetables (tomato, salad, and two 
general categories ‘other vegetables’ and ‘vegetable mix’) 
are considered healthy, but not incorporated in the index.

Fiber (gram) and sodium (milligram) were calculated 
as absolute intake (gram or milligram/day) and as ener-
gy-adjusted intake (gram or milligram/7 MJ). Intake of 
some essential micronutrients (vitamin D, folate, sele-
nium, zinc, and iron) was included on the basis of sur-
veys in the Nordic countries which have shown that the 
recommended intake of these nutrients could be difficult 
to fulfil through the diet alone (25). Micronutrients were 
calculated as absolute intake (unit/day), and compared to 
the average requirement (AR), and as energy-adjusted in-
take (unit/7 MJ). AR is defined as ‘the lowest long-term 
intake level of a nutrient that will maintain a defined level 
of nutritional status in an individual’ (25).

Basic characteristics
Information on age, years of education, body mass index 
(BMI), physical activity, smoking habits, and region of 
living was compared across adherence categories.

Age was divided into four age categories: aged 	
41–50, 51–60, 61–70, and 71–76 years. BMI was based 

on self-reported weight and height (kg/m2) (26) and was 
categorized as below normal weight (BMI <20), normal 
weight (BMI ≥20–24.9), overweight (BMI ≥25–29.9), 
and obese (BMI ≥30). Smoking habits were categorized 
as never, former, and current smokers. Physical activity 
was divided into low, medium, and high level based on a 
10-point scale (27). Years of education was divided into 
three categories: <10 years of schooling, 10–12 years of 
schooling, or >12 years of schooling. Region of living in 
Norway was divided into six regions (Oslo, east, south, 
west, middle, and north).

Statistical analysis
Median values with 25th and 75th percentiles or propor-
tions (in percentages) were used to present the intake of 
food items and the basic characteristics of the partici-
pants. The food items (both those included and those not 
included in the Healthy Nordic Food Index) were ana-
lyzed using a nonparametric test for trend across ordered 
groups (nptrend in Stata), which is an extension to the 
Wilcoxon rank-sum test. Nptrend is testing for a linear 
trend over the three adherence categories, and it gives the 
two-sided p-value. It was applied to investigate if  the daily 
intake of food items/nutrients, both as absolute measures 
and as energy-adjusted measures, was linearly associated 
with adherence categories (low, medium and high).

The same trend test, in addition to multinomial logistic 
regression models with the index category as the depen-
dent variable and the low adherence category used as the 
reference category, was used to analyze associations be-
tween adherence categories, and basic demographic and 
lifestyle characteristics.

Multinomial logistic regression can be used when the 
outcome variable has more than two categories (28). We 
found it appropriate to treat the index score variable as 
categorical instead of ordered for the regression analy-
sis to fit two models comparing medium adherence with 
low adherence and high adherence with low adherence. 
Since the outcome variable has three categories, the esti-
mates from the multinomial logistic regression models are 
given as relative risk ratios (RRR) with 95% confidence 
intervals.

All regression models were adjusted for energy intake, 
age, and subcohort. The subcohorts (n = 5) were defined 
in batches with similar FFQs and time of recruitment. As 
the data were collected over a period of almost 10 years, 
some questions have been removed or added, due to the 
introduction of new foods, discontinuation of foods, or 
new study hypotheses generated for the subcohorts. A 
mutually adjusted model that also included education, 
BMI, physical activity, smoking status, and region of liv-
ing was applied. All analyses were conducted using the 
software Stata/MP version 14.0. The significance criterion 
was set to 5% (p < 0.05).
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Results
The number of food items from the FFQ that was in-
cluded in the calculation of the six index food groups var-
ied from 12 items in the fish category to 2 items in the 
root vegetables and the cabbage categories, and a single 
item in the apples/pears, whole grain bread and breakfast 
cereals categories (Table 1). There were 81,516 women in-
cluded in the final analyses, distributed as follows across 
adherence categories: low adherence (score 0–1) 22.8%, 
medium adherence (score 2–3) 49.0%, and high adher-
ence (score 4–6) 28.2% (Table 2). The intake of all food 
groups incorporated in the Healthy Nordic Food Index 
is presented in Table 2. By design, all incorporated food 
groups increased across adherence categories (p < 0.001 
for all food groups), with the biggest difference in the food 
group apples/pears ranging from a median intake of 20 

gram/day to 140 gram/day in low and high adherers, re-
spectively. The increment from medium to high adherers 
was larger than from low to medium adherers for all food 
groups incorporated in the index.

Intake of  energy and macronutrients is presented in 
Table 3. Participants in the high-adherence category 	
had a higher intake of  energy (8.1 MJ in subjects with 
high adherence, 6.8 MJ medium adherence, 5.8 MJ 	
low adherence) (p < 0.001). Although statistically 	
highly significantly related, E% from proteins was only 
weakly associated with adherence categories, whereas 
E% from carbohydrates increased slightly, and E% 
from total-, saturated-, polyunsaturated-, monounsat-
urated- and trans-fatty acids, and from alcohol slightly 
decreased across adherence categories (p < 0.001 for all 
relationships).

Table 2.  Consumption of foods (gram/day) in the Healthy Nordic Food Index in the low-, medium-, and high-adherence categories in the 
Norwegian Women and Cancer cohort

Healthy Nordic Food 
Index components 
(gram/day)

All women Healthy Nordic Food Index score

n = 81,516 0–1 (22.8%) 2–3 (49.0%) 4–6 (28.2%)

Median P25–P75** Median P25–P75 Median P25–P75 Median P25–P75

Fish* 48 29–74 29 17–41 47 29–71 69 52–96

Root* vegetables 40 21.1–74.6 17.9 9.3–30.7 38.4 23.1–67.1 69 51.9–97.8

Cabbage* 22 10–45 11 5–19 22 10–43 44 25–67

Apples/pears* 60 20–140 20 9–60 60 20–140 140 60-140

Whole grain bread* 100 100–180 100 34–100 100 100–180 180 100–180

Breakfast cereals* 0 0–21 0 0–0 0 0–21 21 0–31

* Corresponds to a significant (p < 0.001) nonparametric test for trend over ordered groups.

**25th and 75th percentile.

Table 3.  Consumption of energy and macronutrients in the low-, medium- and high-adherence categories in the Norwegian Women and Cancer 
cohort

Energy and  
macronutrients

All women Healthy Nordic Food Index score p-value 
(direction of 
association)*n = 81 516 0–1 2–3 4–6

Median P25–P75** Median P25–P75 Median P25–P75 Median P25–P75

Energy (MJ) 7.0 5.8–8.2 5.8 4.9–6.9 6.8 5.8–8.0 8.1 7.0–9.3 <0.001 (+)

Protein (E%) 18.1 16.5–19.9 17.9 16.2–19.7 18.2 16.6–20.0 18.2 16.8–19.8 <0.001 (+)

Carbohydrates (E%) 46.2 42.4–50.0 45.1 41.1–49.0 46.1 42.3–49.9 47.2 43.6–50.0 <0.001 (+)

Total fat (E%) 33.3 30.0–36.7 34.5 31.0–38.0 33.4 30.1–36.7 32.4 29.2–35.2 <0.001 (-)

Saturated fat (E%) 13.2 11.6–14.8 13.9 12.2–15.6 13.2 11.7–14.8 12.6 11.2–14.2 <0.001(-)

Polyunsaturated fat (E%) 5.8 4.9–7.0 5.8 4.8–7.0 5.8 4.9–7.0 5.8 4.9–6.8 <0.005 (-)

Monounsaturated fat (E%) 10.4 9.2–11.7 10.8 9.6–12.2 10.4 9.2–11.6 10.1 9.2–11.7 <0.001 (-)

Trans fatty acids (E%) 0.6 0.5–0.7 0.7 0.5 –0.8 0.6 0.5–0.7 0.6 0.5–0.7 <0.001 (-)

Alcohol (E%) 0.8 0.2–2.2 1.0 0.3–2.7 0.8 0.2–2.2 0.7 0.2–1.8 <0.001 (-)

*p-value generated form a nonparametric test for trend over ordered groups, (+) relates to a positive trend over adherence categories, and (-) 
relates to an inverse trend over adherence categories.
**25th and 75th percentile.
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Comparison of absolute intake and energy-adjusted in-
take of food items/nutrients not included in the index is 
presented in Table 4. Absolute intake of fiber, micronutri-
ents, sodium, red meat and processed meat, added sugar, 
fruits and vegetables, milk and milk products, chicken, 
and potatoes increased with index category (p < 0.001 
for all food items and nutrients). The differences in in-
take became less pronounced after energy adjustment but 
were still profound for fruits and vegetables, whereas the 
association with red meat and processed meat and added 
sugar became inversely associated with a high index cate-
gory. The difference between absolute intake and energy-
adjusted intake of red meat and processed meat increased 
from a difference of absolute intake of 5 gram/day (from 
89 to 94 gram/day) between low- and high-adherence 
categories to a difference of 27 gram/7 MJ (from 108 to 
81 gram) between the low- and high-adherence categories 
after energy adjustment (p < 0.001). The percentage of 
total fruits and vegetables covered by the items included 
in the index (cabbages, root vegetables, and apples/pears) 
varied across the adherence categories from 39.9% cov-
erage in the low-adherence category, 49.7% coverage in 
the medium-adherence category, to 51.8% in the high-
adherence category (results not presented). Participant 
characteristics in the low-, medium-, and high-adherence 
categories are presented in Table 5. The high adherers 
tended to be older, be more educated, have higher BMI, 
be more physically active, and be non-smokers (p < 0.01 
for trend over categories for all characteristics).

The relative risk ratios from the multinomial regres-
sion analysis are presented in Table 6. The mutually ad-
justed model showed a greater likelihood of being in the 
high-adherence category if  reporting a higher age and 
having more than 12 years of schooling (RRR 1.50, 95% 
CI 1.41–1.59). Being overweight (BMI ≥25–29.9) relative 
to being in the normal BMI category (≥20–24.9) increased 
the likelihood of being a high adherer with 32% (RRR 
1.32, 95% CI 1.26–1.39). High level of physical activ-
ity increased the likelihood of being a high adherer by 
about 2.63 times (95% CI 2.41–2.87), and being a current 
smoker gave a 33% reduced likelihood of being in the 
high-adherence category relative to never having smoked 
(RRR 0.67, 95 % CI 0.63–0.71). Relatively to women who 
live in the Norwegian capital Oslo, women living in the 
western part (RRR 1.91, 95 % CI 1.76–2.09) or in the 
northern parts (RRR 1.76, 95 % CI 1.60–1.92) were more 
likely to be high adherers.

Discussion
The Healthy Nordic Food Index was adapted to the 
data in the NOWAC cohort. Absolute consumption of 
the index food groups in the NOWAC cohort seems to 
be higher than for similar food groups in the Swedish 
Women's Lifestyle and Health cohort, and to the women T
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in The Diet, Cancer and Health study (6, 7). Whether 
this reflects an actual difference in intake between coun-
tries, or is due to different assessment or criterion in 
the quantification of food intake in the FFQs, has not 
been investigated. However, compared to consumer sur-
veys on household level and national 24-h dietary recall 
surveys in Norway, the intake of the index food groups 
reported in the NOWAC cohort seems reasonable (29). 
The macronutrient distribution was quite similar across 
adherence categories and within the Nordic Nutrition 
Recommendations (6, 7, 25). This is similar to what has 
been found in other studies on the Healthy Nordic Food 
Index (6, 7). Compared to low and medium adherence, 

high adherence coincided with a higher energy intake, a 
higher absolute intake of both healthy and less healthy 
foods, and a higher intake of foods with no clear associ-
ation with beneficial health outcomes. Median intake in 
all adherence categories was within the Nordic Nutrition 
Recommendations for alcohol, carbohydrates, proteins, 
total fat, monounsaturated fat and polyunsaturated fat, 
but the consumption of saturated fat was higher than 
recommended in all adherence categories (25). As the 
high-adherence category had a higher absolute intake of 
some micronutrients, they were more likely to meet the 
average requirements for vitamins and minerals (25). The 
average requirement for zinc and selenium was met by all 

Table 5.   Participant characteristics in the low, medium and high Healthy Nordic Food Index adherence category in the Norwegian Women and 
Cancer cohort (percentage distribution)

Basic characteristics All women Healthy Nordic Food Index score

n = 81,516 0–1 points  
n = 18,510

2–3 points  
n = 40,038

4–6 points  
n = 22,968

p-value*

% % % %

Age <0.001

41–50 46.7 52.9 46.6 41.8

51–60 44.4 40.1 44.0 48.6

61–70 8.5 6.6 9.0 9.2

71–76 0.4 0.4 0.4 0.5

Education <0.001

<10 23.7 24.8 24.5 21.5

10–12 34.6 36.6 34.5 33.4

>12 41.7 38.6 41.0 45.2

BMI (kg/m2) 0.003

<20 6.5 7.2 6.4 6.1

≥20–24.9 53.9 54.6 53.3 54.2

≥25–29.9 30.3 28.7 30.8 30.7

≥30 9.4 9.6 9.6 9.0

Physical activity <0.001

Low 12.8 17.7 12.9 8.9

Moderate 72.7 70.9 73.3 73.0

High 14.5 11.4 13.9 18.1

Smoking status <0.001

Never 37.1 33.6 36.7 40.4

Former 33.6 30.7 33.6 35.9

Current 29.3 35.7 29.6 23.7

Region of living

Oslo 9.2 11.7 8.9 7.8

East 36.0 39.3 35.7 34.0

South 4.8 4.7 4.8 4.9

West 21.6 17.5 21.0 26.0

Middle 7.9 8.7 7.8 7.3

North 20.5 18.2 21.9 20.0

Percentage distribution by columns.
*p-value from the nonparametric test for trend over ordered groups.
BMI, body mass index.
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adherence categories, but only the high-adherence cat-
egory met the average requirement for iron, folate, and 
vitamin D. Participants in the high-adherence category 
exceeded the upper limit for sodium. These results confirm 
and extend findings in previous studies, which link a high 
index score with higher food intake in general, and with a 
higher intake of both healthy foods and foods considered 
less healthy (6, 7). However, after energy adjustment, high 
adherers still had higher intake of fiber, micronutrients 
(except zinc), and fruits and vegetables, but zinc and the 
food items/nutrients considered less healthy (i.e. red meat 
and processed meat, added sugar, and sodium) and the 
foods with no clear health effect were inversely associated 
with a high index score.

Even though there were highly significant associations 
for all foods and nutrients analyzed, some are not consid-
ered to be of any clinical importance. The marginal dif-
ferences in actual intake between adherence categories for 
these food items were statistically significantly associated 
only because of the high number of participants in the 
study. Nevertheless, it shows that the index does not merely 
measure a higher intake of all foods, but that high adher-
ence is associated with better dietary quality. The associa-
tion between high adherence to a healthy Nordic diet and 
higher intake of healthy foods, but not with a higher intake 
of meat and sweets, is supported by Bjørnarå et al. in a 
Norwegian study on the New Nordic Diet (5). Further-
more, the higher fraction of the healthy Nordic fruits and 

Table 6.   Relative risk ratios for medium and high Healthy Nordic Food Index adherence category (with low adherence category as reference) 
according to non-dietary factors in the Norwegian Women and Cancer cohort

Medium adherence High adherence

Energy adjusted Mutually adjusted Energy adjusted Mutually adjusted

RRR* 95% CI RRR 95% CI RRR 95% CI RRR 95% CI

Age

41–50 1 1

51–60 1.42 1.37–1.48 1.42 1.36–1.47 2.00 1.91–2.10 2.03 1.94–2.13

61–70 1.91 1.78–2.10 1.87 1.74–2.02 2.84 2.61–3.10 2.89 2.65–3.16

71–76 1.83 1.36–2.46 1.93 1.43–2.60 3.12 2.22–4.40 3.48 2.46–4.92

Education

<10 1 1

10–12 0.91 0.87–0.96 1.03 0.98–1.08 0.98 0.92–1.04 1.18 1.11– 1.26

>12 0.99 0.94–1.04 1.16 1.10–1.22 1.17 1.11–1.24 1.50 1.41–1.59

BMI (kg/m2)

<20 0.80 0.75–0.87 0.85 0.78–0.91 0.63 0.57–0.69 0.70 0.64–0.77

≥20–24.9 1 1 1 1

≥25–29.9 1.22 1.17–1.27 1.19 1.14–1.24 1.35 1.29–1.42 1.32 1.26–1.39

≥30 1.16 1.09–1.24 1.18 1.11–1.26 1.22 1.13–1.31 1.30 1.20–1.41

Physical activity

Low 1 1

Moderate 1.29 1.22–1.35 1.34 1.28–1.41 1.73 1.62–1.85 1.83 1.71–1.97

High 1.48 1.38–1.59 1.59 1.48–1.70 2.35 2.16–2.56 2.63 2.41–2.87

Smoking status

Never 1 1

Former 1.08 1.04–1.13 1.10 1.05–1.15 1.13 1.07–1.19 1.18 1.12–1.25

Current 0.79 0.75–0.82 0.87 0.83–0.91 0.55 0.52–0.58 0.67 0.63–0.71

Region of living

Oslo 1 1

East 1.13 1.06–1.20 1.14 1.07–1.22 1.18 1.09–1.27 1.20 1.11–1.30

South 1.19 1.08–1.32 1.20 1.08–1.32 1.27 1.13–1.44 1.29 1.14–1.46

West 1.42 1.32–1.52 1.45 1.35–1.55 1.82 1.67–1.98 1.91 1.76–2.09

Middle 1.12 1.03–1.21 1.13 1.04–1.23 1.14 1.03–1.26 1.18 1.06–1.31

North 1.61 1.50–1.73 1.58 1.47–1.70 1.77 1.62–1.93 1.76 1.60–1.92

*Relative risk ratios from multinomial logistic regression.
RRR, relative risk ratios; BMI, body mass index.
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vegetables in the diet among medium and high adherers 
compared to low adherers shows that the index measures a 
healthy Nordic diet and not only a healthy diet. However, 
it also shows that low adherers of the index get a higher 
fraction of their total fruits and vegetables from food items 
outside the index. As these food items, such as tomatoes, 
oranges, and salad, also have anticipated health benefits, it 
should be taken into consideration in future studies on the 
association between the index and health outcomes.

High adherers were more physically active, had higher 
education, were older and were less likely current smokers. 
This is in accordance with what was found in the previ-
ous studies on the Healthy Nordic Food Index, as well as 
in studies on the Baltic Sea Diet Score and in relation to 
the New Nordic Diet (6–9). The association with BMI and 
adherence category was positive even though the low-ad-
herence category had the highest proportion of women in 
both the lowest and highest BMI categories. A positive as-
sociation between BMI and adherence category was found 
in the Swedish Women Lifestyle and Health study, whereas 
a high adherence score was related to lower BMI in the 
New Nordic Diet, as it is in relation the Mediterranean diet 
(6, 9, 30). In the NOWAC cohort, BMI has been identified 
as a predominant factor in explaining weight loss attempts, 
and women trying to lose weight reported a diet with less fat 
and more fiber, fruits, and vegetables compared to women 
not trying to lose weight (31). This may explain why we find 
that high BMI is associated with high adherence.

Women living in the west and north had a higher like-
lihood of being in the high-adherence category than 
women living in Oslo. These were the regions with the 
highest intake of fish, in particular the northern region. 
The high fish consumption in the northern parts of Nor-
way has been confirmed in national dietary surveys (32). 
West and north also had a higher intake of root vegeta-
bles, possibly reflecting a more traditional dietary pattern 
in these regions, as the total intake of fruits and vegetables 
were higher in Oslo compared to north (median 322 gram/
day vs. 259 gram/day) and about the same as in the west 
(330 gram/day). The type of fruits and vegetables more 
commonly consumed in Oslo might be of a more exotic 
kind as it is the capital and assumedly more influenced 
by trends and immigration. The assortment of imported 
fruits and vegetables is therefore probably better in Oslo 
than in the rest of the country.

Strengths and limitations
The construction of the index is based on the median 	
of the index variables, as in previous studies on the 
Healthy Nordic Food Index and the Mediterranean 	
Diet Score (6, 7). Other indices use other scoring criteria 
such as quintiles or recommended values (4). One could 
argue that the use of the median criteria will simplify 
the information to a greater extent compared to other 

methods. However, The Dietary Patterns Methods Proj-
ect (4) has made standardized methods for several indices 
using different scoring criteria with the aim of comparing 
their ability to capture a healthy diet and their association 
with mortality. They found that all indices captured the 
essence of a healthy diet, and the associations with re-
duced mortality were of similar strength. Hence, they did 
not recommend one dietary pattern over the other, and 
neither any particular scoring method in the construction 
of an index. In addition, when considering the positive 
health effects associated with the Healthy Nordic Food 
Index, it seems that the use of the median criteria is an 
acceptable method. The median cutoff  is quite robust 
against misclassification of extreme values and might be 
appropriate when considering the accuracy of the FFQ 
data.

The use of FFQ is likely to introduce errors. These 
could be both random and systematic. As this FFQ has 
more questions concerning fish intake compared to the 
other index food groups, this might introduce overrep-
orting of fish. We have to assume that overreporting due 
to a higher number of FFQ questions will affect all re-
spondents to the same degree. This will result in a higher 
intake, but also a higher median cutoff  value, and hence 
not influence the ranking to a major degree. Overreport-
ing of fiber intake has been found in a NOWAC validation 
study, and overreporting of healthy foods is a well-known 
challenge with FFQs. If  overreporting of healthy foods is 
systematically related to factors associated with the ad-
herence categories (i.e. education and physical activity), 
it could bias the association between adherence category 
and other factors. It is a limitation that the FFQ was 	
not initially designed to assess compliance with a healthy 
Nordic diet and thus does not capture all relevant food 
groups such as wild berries (i.e. cloudberries, blueberries, 
and raspberries), rye and oatmeal-specific whole grain, 
game, and rapeseed oil (18). However, the intake of foods 
such as wild berries and game in the general population 
was not high (29), neither was the intake of rapeseed oil 
at the time of data collection (33). Even though these 
are relevant foods in line with the rationale of the index 
and are relevant in promotion of a healthy Nordic diet, 
it is not likely that questions about these food items in 
the FFQ could have enhanced the precision or validity 
of the index as a measurement tool for a healthy Nordic 
diet, as most women would not have had a measurable 
intake. In relation to the Healthy Nordic Food Index, it 
seems that the six incorporated food items are sufficient 
to find associations with health outcomes and therefore 
is a valid tool. It cannot, however, be ruled out that the 
associations could have been even stronger and more con-
sistent with the inclusion of more healthy Nordic foods. 
The index food groups ‘whole grain bread’ and ‘breakfast 
cereals’ are based on single question from the FFQ. It is 
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likely that a more detailed assessment of types of whole 
grain bread and whole grain products in the breakfast ce-
reals category would give a more precise assessment of the 
type and amount of whole grain in the diet. However, in a 
study part of the NOWAC cohort, it was found that whole 
grain bread captured 84% of the total whole grain con-
sumption in Norwegian women, and approximately 80% 
of the grains in the cereal category were whole grains (34). 
Differences in the food components included in the index 
could affect the associated health outcomes in unknown 
directions and thereby the comparability of the index be-
tween countries. This might be particularly relevant for 
the index food items that include whole grains as there 
are some cultural differences between the types of grains 
commonly consumed in the Scandinavian countries. Dan-
ish women consume mostly rye, whereas wheat is the most 
commonly consumed grain in Norway (34).

The FFQ has been validated through several studies 
(21, 24, 35, 37). Measurement of serum phospholipids 
showed that fatty fish intake was reflected in serum (36). 
A repeated 24-h dietary recalls study (24) found that the 
FFQ gave a good ranking (Spearman’s correlation coef-
ficient) of the participants’ intake of foods/drinks con-
sumed frequently (e.g. coffee and milk) and fairly good 
for macronutrients, but weaker for foods infrequently 
eaten (e.g. desserts) and for some micronutrients. The 
FFQ performed well on ranking high and low consumers 
when compared to recall data, and for the purpose of this 
study, an adequate ranking of participants is more impor-
tant than estimating the absolute intake. The food groups 
in the validation study are not completely overlapping the 
food items incorporated in the index except for fish, which 
had a Spearman’s correlation coefficient of 0.26 (24). 
The study also showed an underestimation of energy, fat, 
added sugar, and alcohol in the FFQ when compared to 
the 24-h dietary recalls, whereas fiber intake was overesti-
mated compared to the 24-h dietary recalls. A test–retest 
study on the reproducibility of the FFQ concluded that 
the FFQ performed within the range described for com-
parable instruments (21). The large sample size also gives 
strength to the study as it is representative of the women 
in Norway at the time of data collection (35).

An advantage of using the a priori approach (which 
is hypothesis-driven based on assumptions of the foods 
that are included) is that the index is analytically simple 
to construct, and the results can more easily be compared 
to other studies than, for instance, data-driven explorative 
constructs (4). The benefit with measuring dietary patterns 
and dietary quality is that it adds the possibility of captur-
ing health effects that might not be detectable for the single 
food component alone, due to the synergistic and combined 
effects of the components of the included food items (38). 
In addition, a dietary pattern is more comparable to what 
people eat, as we do not live eating single food item.

Conclusion
This study links high adherence to a healthy Nordic diet, 
measured by the Healthy Nordic Food Index to a higher 
food and energy intake, and to a higher intake of some 
essential micronutrients. Trend analysis showed a positive 
relationship between both healthy and less healthy foods 
and higher adherence categories, but energy adjustment 
of potential confounding foods removed associations be-
tween high adherence and less healthy foods. The results 
point to an overall better composition of the diet among 
high adherers compared to low and medium adherers of 
the Healthy Nordic Food Index. However, both the ab-
solute intake and the relative intake of Nordic and other 
fruits and vegetables suggest that the index captures Nor-
dic foods and not just healthy foods and lifestyle in gen-
eral. Furthermore, the healthy Nordic foods accounted 
for a larger fraction of the diet among high adherers, at 
the expense of other healthy food items (i.e. salad, toma-
toes, oranges, and other vegetables). High adherence was 
associated with a healthier lifestyle, a higher level of edu-
cation, and older age. This clustering of healthy lifestyle 
factors and a better dietary composition among high ad-
herers should be taken into account in further studies on 
the Healthy Nordic Food Index and health outcomes.
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Non‑linear associations between healthy 
Nordic foods and all‑cause mortality 
in the NOWAC study: a prospective study
Torill M. Enget Jensen1*, Tonje Braaten1, Bjarne K. Jacobsen1,2 and Guri Skeie1 

Abstract 

Background:  The shape of the associations between intake of foods basic in a healthy Nordic diet and long-term 
health is not well known. Therefore, we have examined all-cause mortality in a large, prospective cohort of women 
in Norway in relation to intake of: Nordic fruits and vegetables, fatty fish, lean fish, wholegrain products, and low-fat 
dairy products.

Methods:  A total of 83 669 women who completed a food frequency questionnaire between 1996 and 2004 were 
followed up for mortality until the end of 2018. Cox proportional hazards regression models were used to examine 
the associations between consumption of the Nordic food groups and all-cause mortality. The Nordic food groups 
were examined as categorical exposures, and all but wholegrain products also as continuous exposures in restricted 
cubic spline models.

Results:  A total of 8 507 women died during the 20-year follow-up period. Nordic fruits and vegetables, fatty fish and 
low-fat dairy products were observed to be non-linearly associated with all-cause mortality, while higher intake of 
lean fish and wholegrain products reduced all-cause mortality. Intake levels and hazard ratios (HR) and 95% confi-
dence intervals (CI) associated with lowest mortality were approximately 200 g/day of Nordic fruits and vegetables 
(HR 0.83 (95% CI: 0.77–0.91)), 10–20 g/day of fatty fish (10 g/day: HR 0.98 (95% CI: 0.94–1.02)) and 200 g/day of low-fat 
dairy products (HR 0.96 (95% CI: 0.81–1.01)) compared to no consumption. Consumption of fatty fish ≥ 60 g/day 
compared to no intake statistically significantly increased the mortality (60 g/day: HR 1.08 (95% CI: 1.01–1.16)), as did 
consumption of low-fat dairy products ≥ 800 g/day compared to no intake (800 g/day: HR 1.10 (95% CI: 1.02–1.20)). 
After stratification by smoking status, the observed association between Nordic fruits and vegetables and all-cause 
mortality was stronger in ever smokers.

Conclusion:  The associations between intake of foods basic in healthy Nordic diets and all-cause mortality may be 
non-linear. Therefore, assumptions of linear associations between traditional Nordic food groups and health outcomes 
could lead to wrong conclusions in analyses of healthy Nordic diets.

Keywords:  Healthy Nordic diet, Sustainable diet, Fatty fish, Lean fish, Low-fat dairy, Wholegrains, Fruits and 
vegetables, All-cause mortality, Non-linear, Cohort study

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Over the past decade there has been a movement towards 
health-promoting regional and environmentally friendly 
diets, and healthy Nordic diets have gained much atten-
tion in this context [1–8]. Healthy Nordic diets can be 
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described as dietary patterns with emphasis on foods that 
have traditionally been used and cultivated in the Nordic 
region, such as fish, wholegrains like rye and oats, root 
vegetables, cabbages, fruits like apples and pears, rape-
seed oil and, to a varying degree, including low-fat dairy 
products [1, 2].

In a previous study on healthy Nordic diet and mor-
tality by Olsen et  al., it was concluded that traditional 
Nordic foods should be considered in public health rec-
ommendations [1]. Optimal intake levels of traditional 
Nordic foods, and the ideal composition of healthy Nor-
dic diets for long-term health are, however, uncertain. 
Subsequent studies have supported the results by Olsen 
et  al. and linked high compliance with healthy Nordic 
diets to longevity in populations across Nordic countries, 
and to reduced risk of cardiovascular diseases, type 2 dia-
betes, and colorectal cancer [3–8]. The evidence is, how-
ever, not conclusive [9–12].

The heterogeneity of cut-off points used to classify 
intake level of foods included in healthy Nordic diet 
scores might be the reason for failure to identify credible 
evidence for health benefits of a healthy Nordic diet [12]. 
Differences in cut-off points between studies also create 
confusion for public health recommendations. Another 
dilemma with combined diet scores, such as those com-
monly used to measure adherence to healthy Nordic 
diets, is the assumption that they follow a linear scale, 
while dose–response relationships between foods and 
health-outcomes can be non-linear [13].

It is therefore relevant to examine potentially non-
linear associations between food groups basic in healthy 
Nordic diets, and long-term health. Hence, the aim of 
this study is to evaluate the shape of the associations 
between the intake of Nordic fruits and vegetables, fatty 
fish, lean fish, wholegrain products, and low-fat dairy 
products and all-cause mortality, using a modelling tool 
that allows non-linear relationships.

Materials and methods
Study design and setting
The design of the Norwegian Women and Cancer Study 
(NOWAC) has been described in detail previously [14]. 
Briefly put, a random sample of 172 000 women drawn 
from the Norwegian National Population Registry was 
enrolled in two waves from 1991 to 2007. Participants 
completed a mailed, self-administered baseline ques-
tionnaire including questions about anthropometric, 
sociodemographic, dietary, reproductive, and lifestyle 
factors. Follow-up questionnaires were collected over 
approximately 6-year intervals after recruitment.

The sample for this prospective cohort study included 
101 316 women aged 41–76 who completed a food fre-
quency questionnaire (FFQ) during baseline mailing 

(waves 1996–1997 and 2003–2004; response rates of 57% 
and 48%, respectively), or during the first follow-up (wave 
1991–1992 enrolment did not cover FFQ data; a response 
rate of 81%). Women with no follow-up (n = 16) were 
excluded. We further excluded women with implausible 
daily energy intake (< 2 500 kJ (n = 1 033) or > 15 000 kJ 
(n = 141)), and women with missing information on the 
following variables: body mass index (BMI) (n = 2 272), 
physical activity (n = 8 548), smoking habits (n = 1 407), 
and education (n = 4 230), leaving a total number of 83 
669 women for the present analysis.

Assessment of Nordic foods intake
Diet was assessed using validated, semi-quantitative food 
frequency questionnaires (FFQ) with approximately 85 
frequency items [15–17]. A representative sample of the 
questionnaires used has previously been published [18]. 
The FFQ was designed to measure the typical diet dur-
ing the past year with special emphasis on fish consump-
tion. The response options were given with four to seven 
frequency categories ranging from never/seldom to six or 
more per week. Portion sizes for some food items were 
provided as natural (e.g., number of carrots) or house-
hold units (e.g., tablespoons).

The Norwegian Weight and Measurement Table with 
standardised portion sizes and weights was used to con-
vert the consumption of food items to grams [19], and 
information about the nutrient content in foods was 
obtained from the Norwegian Food Composition  Data-
base [20]. The calculations of daily intake of  food items, 
energy and nutrients were made using a statistical syntax 
in SAS (SAS Institute Inc., Cary, NC, USA) developed at 
the Department of Community Medicine, University of 
Tromsø, for the NOWAC cohort. Missing frequency val-
ues were treated as no consumption, and missing portion 
sizes were set to the smallest portion size alternative.

We have considered consumption of five traditional 
Nordic food groups as exposure of interest, selected to 
reflect components of a healthy Nordic diet [1, 2]; Nordic 
fruits and vegetables (apples/pears, broccoli/cauliflower, 
cabbage, carrots, swede); fatty fish classified as fish 
with ≥ 4% fat in the meat (salmon, trout, herring, mack-
erel); lean fish containing < 4% fat in the meat (cod, had-
dock, plaice) excluding products like fish cakes, fish balls, 
fish spread and stew; wholegrain products (wholegrain 
bread and breakfast cereals); low-fat dairy products 
(skimmed- and semi-skimmed milk, and yoghurt). We 
analysed lean and fatty fish separately because they are 
specified in our dietary guidelines as sources of specific 
essential nutrients such as vitamin D and omega-3 fatty 
acids from fatty fish, and iodine from lean fish [21]. Each 
food group was divided into four consumption catego-
ries, which were roughly based on serving sizes, dietary 
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advice, or multiples thereof. Cut-off points for each food 
group are given in the tables where the categorical analy-
ses are presented (Table 2).

Assessment of covariates
The following covariates were included in the analysis: 
physical activity, body mass index (BMI), smoking status, 
education, and intake of energy, alcohol and processed 
red meat.

Physical activity level was included based on validated 
self-report on a ten-point scale estimating physical activ-
ity at home, at work, exercising and walking, and was 
categorised as low (1–4 points), medium (5–6 points) or 
high (7–10 points) [22].

BMI (kg/m2) was  calculated based on self-reported 
height and weight and has been found to provide valid 
ranking of BMI in NOWAC [23]. BMI was categorised in 
four categories: < 20, 20–24.9, 25–29.9, ≥ 30 kg/m2.

The smoking variable was computed by combining 
information on smoking status (never, former, and cur-
rent), with age at smoking initiation for those who have 
ever smoked and additionally information of pack years 
for current smokers who started smoking < 20  years of 
age. Smoking exposure was then divided into six cat-
egories: never smoker, current heavy smoker (smoking 
20 or more cigarettes per day since smoking initiation) 
early starter (age at start smoking < 20), current moder-
ate smoker (smoking less than 20 cigarettes per day since 
smoking initiation) early starter, current smoker late 
starter (age at start smoking ≥ 20), former smoker early 
starter, former smoker late starter.

Education level was based on self-reported years of 
schooling and was divided into three categories (< 10, 
10–12, > 12  years of schooling). Energy intake (kJ per 
day) was included in the analyses as a continuous vari-
able excluding energy from alcohol. Intake of alcohol 
was included as a categorical variable as a group of non-
consumers and two categories representing low and 
higher intake (g/day): non-consumers, 0–5, > 5. Intake 
of processed red meat included meatballs, hamburg-
ers, sausages, and sandwich meats (e.g., liver pâté), and 
was divided into four categories (g/day): < 15, 15–29, 
30–44, ≥ 45.

As a common procedure for dietary analyses in the 
NOWAC study, subcohorts (n = 5) were included in the 
analyses [18]. Subcohorts were constructed by group-
ing together the FFQs that were most similar as some 
dietary questions have been added to the FFQ due to 
new products available on the market, improvements 
of the questionnaire and specific hypotheses, and which 
were completed closest together in time, as the data were 
collected over a period of almost ten years.

Outcome
The women  were followed from return of the FFQ and 
until death or censoring, which was the date of emi-
gration  or end of follow-up  on 31 December 2018. The 
source for death record linkage was the Norwegian Cause 
of Death Registry, which is the official cause of death sta-
tistics for Norway issued by the Norwegian Institute of 
Public Health [24].

Statistical methods
We present the distribution of covariates for the lowest 
and the highest consumption categories of the Nordic 
food groups, as mean (and standard deviation) for age, 
as median intake (and 10th–90th percentile) for energy, 
and percentages (%) for the covariates expressed cat-
egorically. Spearman’s rank-order correlation was used 
to test the associations between the intake of the Nordic 
food groups. Cox proportional hazards regression mod-
els, with age as the underlying time scale, were used to 
examine the associations between consumption of the 
five Nordic food groups and all-cause mortality. The pro-
portional hazards assumption was tested with a Schoen-
feld residuals test.

Covariates  included in the analysis were chosen based 
on the literature and selected with the use of Directed 
Acyclic Graphs (DAGs) (Supplemental Fig.  1) [25]. Fac-
tors known to be associated with mortality such as smok-
ing, physical activity, BMI, intake of alcohol, intake of 
processed red meat and education, were included risk 
factors in the DAG. In addition, total energy intake and 
central comorbidities were included in the DAG. We 
constructed two different models, one adjusted for age 
and one multivariable-adjusted model.

The multivariable model was adjusted for age, the 
healthy Nordic food groups (mutually adjusted), physi-
cal activity, BMI group, smoking status, education, intake 
of energy, alcohol, and processed red meat. Both models 
examined the Nordic food groups expressed as categori-
cal exposures, and four of the Nordic food groups were 
further examined in the multivariable-adjusted model as 
continuous exposures with restricted cubic splines. The 
wholegrain products variable could not be examined 
with restricted cubic splines because it is only based on 
two FFQ frequency questions and the distribution of val-
ues could not be approximated to a continuous variable.

The number of knots in the restricted cubic splines was 
determined by testing and comparing models with three, 
four and five knots according to the Akaike and Bayes-
ian information criteria to compare how well the differ-
ent models fit the data. Models with the smallest AIC 
value were judged to fit the data better, resulting in three 
knots at fixed percentiles (10, 50, 90) of the distribution 
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[26]. The p-value for non-linearity in the restricted cubic 
spline analysis was calculated by performing a Wald test 
of the null hypothesis that the coefficient of the second 
spline was equal to zero. In all models, subcohorts (n = 5) 
were included as a stratum variable.

Previous analyses in NOWAC have shown associa-
tions between dietary patterns and smoking habits [27]. 
We therefore explored potential interactions between the 
Nordic food groups and smoking habits, by adding prod-
uct terms in the mutually adjusted categorical models 
and performing likelihood-ratio tests to compare model 
fit between the models with and without these terms. If 
a statistically significant interaction effect was observed, 
we performed separate analyses for never and ever 
smokers.

We performed various sensitivity analyses. To mini-
mise the chance of reverse causation (by including 
women who were ill and therefore had changed their 
food habits) we started follow-up two years after enrol-
ment. As findings for Nordic fruits and vegetables in part 
could reflect the influence of the consumption of other 
fruits and vegetables [28], we made further adjustments 
including other fruits and vegetables in the multivariable-
adjusted model. We decided to include BMI as a con-
founding factor even though BMI may be considered a 
mediating factor between diet and health outcomes. The 
reason for this was that the relationship between BMI 
and reported food intake measured at one time point is 
difficult to determine, and over- and under-reporting of 
different food groups has been related to BMI status [29]. 
As a sensitivity analysis, we tested omitting BMI in the 
multivariable-adjusted model for the categorical analyses 
(Supplemental Table 3). A p-value < 0.05 was considered 
statistically significant. The statistical analyses were per-
formed using Stata / MP 16.0.

Results
Descriptive
During a median of 20.0 (range 0.0–22.6) years of fol-
low-up, 8 507 women died, mainly from cancer (ICD-10 
codes C00-C97) (n = 4 469) and cardiovascular diseases 
(ICD-10 codes I00-I99) (n = 1 538). Table  1 shows the 
number of participants, number of deaths, median intake 
of the Nordic foods, and the distribution of the covariates 
in the highest and lowest categories of the Nordic foods 
Table 1.

The oldest women were in the high-consumption 
group of lean and fatty fish. Within the other Nordic food 
groups, the age differences between categories were min-
imal. We found a general tendency of women in the high-
consuming categories within the Nordic food groups 
being more physically active, and more likely to be never 
smokers except among high consumers of lean and fatty 

fish. Across all food groups, energy intake was higher 
in the high-consumption categories. The proportions 
of women reporting overweight (BMI 25.0–29.9  kg/m2) 
and obesity (BMI ≥ 30  kg/m2) were higher among high 
consumers of Nordic fruits and vegetables, whereas the 
opposite was observed within the wholegrain products 
group. Women in the highest consumption groups gen-
erally had higher education, except from the food group 
lean fish, where we see a higher proportion of women 
with low education in the highest intake category.

The highest correlation coefficient between the intake 
of the different Nordic food groups was found between 
lean and fatty fish, but the correlation was still quite low 
rs = 0.21 (Supplemental Table 1).

Categorical analyses for all Nordic food groups
Table  2 describes all-cause mortality according to 
intake categories of the Nordic food groups. Consump-
tion of Nordic fruits and vegetables in all intake catego-
ries higher than < 100  g/day was associated with lower 
mortality in the age-adjusted model, but when further 
adjusted in the multivariable-adjusted model, it was only 
intake of 100–199  g/day compared to < 100  g/day that 
remained significant (HR 0.91 (95% CI: 0.87–0.96)). For 
fatty fish, the intake of 15–29  g/day compared to < 5  g/
day was associated with reduced mortality in the age-
adjusted model, but after further adjustments in the 
multivariable-adjusted model, consumption of fatty fish 
was no longer associated with mortality. Intake of lean 
fish ≥ 45 g/day compared to < 15 g/day reduced all-cause 
mortality (HR 0.93 (95% CI: 0.88–0.99)), and a linear 
trend over categories was found (P = 0.04). For low-fat 
dairy products, an intake of < 200  g/day compared to 
non-consumption was associated with reduced mortal-
ity in the multivariable-adjusted model (HR 0.91 (95% 
CI: 0.85–0.96). Increased intake of wholegrain products 
was associated with lower mortality in the multivariable-
adjusted model (P for trend over categories = 0.02).

Restricted cubic spline regression analyses
The restricted cubic spline regression analyses showed a 
significant J-shaped association for the food groups Nor-
dic fruits and vegetables (Fig.  1A), low-fat dairy prod-
ucts (Fig. 1B) and fatty fish (Fig. 1C), but not for lean fish 
(Fig. 1D) Fig. 1 (Additional file 1).

For Nordic fruits and vegetables, the nadir (the intake 
level associated with lowest mortality) was observed 
at 200 g/day (HR 0.83 (95% CI: 0.77–0.91) compared to 
no consumption) (Fig.  1A). For low-fat dairy products, 
the nadir was observed at 200  g/day (HR 0.96 (95% CI: 
0.91–1.01) compared to no consumption. Consumption 
of low-fat dairy products ≥ 800  g/day compared to no 
consumption increased mortality (Fig. 1B). For fatty fish, 
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the nadir was observed at an intake level of 10–20 g/day 
(20 g/day: HR 0.98 (95% CI: 0.92–1.03)), but the mortal-
ity was not significantly lower than for not consuming 
fatty fish at all (Fig. 1C). Excessive consumption, on the 
other hand, was associated with increased mortality from 
60 g/day (HR 1.08 (95% CI: 1.01–1.16)). For lean fish, we 
observed that increased intake reduced mortality, and 
that intake between 80–110 g/day was statistically signifi-
cantly associated with all-cause mortality (80 g/day: HR 
0.93 (95% CI: 0.87–0.99)) (Fig. 1D).

Intake of Nordic fruits and vegetables and mortality 
in never and ever smokers
We observed a significant interaction between smok-
ing status and Nordic fruits and vegetables regarding 

all-cause mortality, and thus separate analyses for never 
and ever smokers are also presented. The median con-
sumption of Nordic fruits and vegetables was 173 g/day 
(P10: 65  g/day, P90: 342  g/day) in never smokers, and 
159 g/day (P10: 53 g/day, P90: 332 g/day) in ever smokers 
(Supplemental Table 2).

In the categorical analysis, intake between 100–199 g/
day compared to < 100 g/day was associated with reduced 
mortality among never smokers with similar strength as 
in the unstratified analysis (HR 0.89 (95% CI 0.81–0.99). 
However, for ever smokers, increased intake was associ-
ated with lower mortality in the multivariable-adjusted 
model (P for trend over categories < 0.001) (Table  3). In 
the restricted cubic spline regressions, the observed 
association was only significant in ever smokers with the 

Fig. 1  Intake of Nordic food groups and all-cause mortality by restricted cubic spline regression. From: Non-linear associations between healthy 
Nordic foods and all-cause mortality in the NOWAC study: a prospective study. Nordic food groups modeled by restricted cubic splines with 3 
knots at percentiles 10%, 50% and 90% (Nordic fruits and vegetables 57; 164; 336. Low-fat dairy products 0; 138; 550. Fatty fish 0; 13; 35. Lean fish 
0; 24; 66 g/day). Black line hazard ratio, grey area 95% confidence interval. Mutually adjusted for the healthy Nordic food groups, age (underlying 
timescale), BMI < 20, 20–24.9, 25–29.9, ≥ 30 (kg/m2), physical activity (low, medium, high), smoking status (never, current heavy smoker early 
starter, current moderate smoker early starter, current smoker late starter, former smoker early starter, former smoker late starter), education (< 10, 
10–12, > 12 years of schooling), intake of energy (kJ/day continuous), alcohol (non-consumer, 0–5, > 5 g/day), and processed red meat (< 15, 15–29, 
30–44, ≥ 45 g/day), stratified by subcohorts (n = 5)
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nadir at 200–250 g/day (HR 0.79 (95% CI: 0.72–0.87). In 
never smokers, the nadir was observed at 150–200 g/day 
(150 g/day: HR 0.89 (95% CI: 0.78–1.02); 200 g/day: HR 
0.89 (95% CI: 0.76–1.05) (Fig. 2). Furthermore, consump-
tion of Nordic fruits and vegetables > 500 g/day increased 
mortality among never smokers, but there were only 33 
deaths registered at this consumption level Fig. 2 (Addi-
tional file 2).

Sensitivity analyses
Sensitivity analysis, starting follow-up two years after 
enrolment excluding 350 cases, did not change the 
results (Supplementary Fig.  2). Further adjustments 
including other fruits and vegetables in the multivariable-
adjusted model did not influence the results (Supplemen-
tary Fig. 3). Omitting BMI in the multivariable-adjusted 
categorical model did not lead to changes in the results 
(Supplemental Table 3).

Discussion
We observed a J-shaped trend between intake of Nordic 
fruits and vegetables, fatty fish and low-fat dairy products 
and all-cause mortality, implying that with increasing 
intake of some traditional Nordic food groups, mortality 
might change in a non-linear fashion. As the null hypoth-
esis of linearity was not rejected for lean fish,  we con-
clude that the non-linear components did not add more 
information to those data than a linear model. For who-
legrain products, our results were limited to categorical 
analysis, but a test for trend over categories pointed to a 
linear association with mortality.

The restricted cubic splines allow for predictions for 
any value of the variable, compared to only four prob-
abilities in our categorical analyses, or compared to 
the alternative of modelling a linear relationship. Thus, 
the estimates from the splines add more informa-
tion to the results and are therefore emphasized. The 
results from  both  modelling tools point in the same 

Table 2  Hazard ratios (HR) and all-cause mortality according to intake categories of healthy Nordic food groups. From: Non-linear 
associations between healthy Nordic foods and all-cause mortality in the NOWAC study: a prospective study

HR hazard ratio, CI confidence interval
* Age-adjusted with age as underlying timescale and subcohorts (n = 5) included as strata variable
** Age-adjusted and mutually adjusted for the healthy Nordic food groups, BMI < 20, 20–24.9, 25–29.9, ≥ 30 (kg/m2), physical activity (low, medium, high), smoking 
status (never, current heavy smoker early starter, current moderate smoker early starter, current smoker late starter, former smoker early starter, former smoker late 
starter), education (< 10, 10–12, > 12 years of schooling) intake of energy (kJ/day continuous), alcohol (non-consumer, 0–5, > 5 g/day), and processed red meat (< 15, 
15–29, 30–44, ≥ 45 g/day)

Healthy Nordic food groups Intake categories (g/day) Total N No. of deaths All-cause mortality

Age-adjusted* Multivariable-
adjusted model**

P for trend

HR (95% CI) HR (95% CI)

Nordic fruits and vegetables  < 100 20 537 2 530 1.00 1.00 0.94

100–199 32 501 3 168 0.79 (0.75–0.83) 0.91 (0.87–0.96)

200–299 18 904 1 787 0.77 (0.72–0.82) 0.96 (0.90–1.02)

 ≥ 300 11 727 1 022 0.78 (0.73–0.84) 1.00 (0.91–1.08)

Wholegrain products  < 60 14 724 1 419 1.00 1.00 0.02

60–119 24 439 2 669 0.91 (0.85–0.97) 0.96 (0.90–1.03)

120–179 16 071 1 550 0.78 (0.73–0.83) 0.91 (0.84–0.98)

 ≥ 180 28 435 2 869 0.84 (0.79–0.90) 0.89 (0.82–0.97)

Fatty fish  < 5 23 792 2 497 1.00 1.00 0.17

5–14 25 882 2 517 0.94 (0.89–1.00) 1.01 (0.95–1.07)

15–29 22 074 2 090 0.90 (0.85–0.96) 0.99 (0.93–1.05)

 ≥ 30 11 921 1 403 0.98 (0.92–1.05) 1.06 (0.99–1.14)

Lean fish  < 15 28 254 2 529 1.00 1.00 0.04

15–29 22 562 2 023 0.92 (0.87–0.97) 0.96 (0.91–1.02)

30–44 14 841 1 469 0.93 (0.87–0.99) 0.99 (0.92–1.05)

 ≥ 45 18 012 2 486 0.95 (0.90–1.01) 0.93 (0.88–0.99)

Low-fat dairy products Non-consumers 13 916 1 554 1.00 1.00 0.14

 < 200 34 848 3 078 0.79 (0.74–0.84) 0.91 (0.85–0.96)

200–399 18 203 1 883 0.78 (0.73–0.84) 0.96 (0.90–1.03)

 ≥ 400 16 702 1 992 0.84 (0.78–0.90) 0.99 (0.92–1.06)
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direction,  but the effect estimates associated with 
the nadir from the restricted cubic spline models show a 
stronger negative association for Nordic fruits and vege-
tables, and a weaker negative association for low-fat dairy 
products than what we observed in the categorical analy-
ses.  However, as most self-reported dietary assessment 
methods are better suited for ranking than estimating 
absolute intake, the absolute consumption levels found 
to be associated with the lowest mortality in this study, 
as shown in Table 2 and the figures, are probably not as 
important as the shape of the curves.

The maximum benefit of consuming Nordic fruits and 
vegetables was achieved at around 200  g/day, which is 

below the recommended intake of all fruits and vegeta-
bles of five servings per day [21]. Optimal health ben-
efits of fruit and vegetable consumption achieved at a 
more modest intake level than currently recommended 
(around three to four servings per day) have also been 
found in the PURE study [30]. Non-linear inverse asso-
ciations of fruit and vegetable intake with all-cause mor-
tality have been shown in previous meta-analyses [31, 
32], but with dose–response curves that differed from 
our J-shaped curve for Nordic fruits and vegetables. 
Aune et al. found that the benefit of increasing fruits and 
vegetables intake was larger at lower intake levels but 
observed reductions of risk up to 800  g/day [32], while 

Table 3  Hazard ratios (HR) and all-cause mortality according to intake categories of Nordic fruits and vegetables stratified by smoking 
status. From: Non-linear associations between healthy Nordic foods and all-cause mortality in the NOWAC study: a prospective study

HR hazard ratio, CI confidence interval

Age-adjusted and mutually adjusted for the healthy Nordic food groups, BMI < 20, 20–24.9, 25–29.9, ≥ 30 (kg/m2), physical activity (low, medium, high), education 
(< 10, 10–12, > 12 years of schooling), intake of energy (kJ/day continuous), alcohol (non-consumer, 0–5, > 5 g/day), and processed red meat (< 15, 15–29, 
30–44, ≥ 45 g/day)
* Additionally, adjusted for pack-years

All-cause mortality

Never smokers Ever smokers*

Intake categories of Nordic 
fruits and vegetables (g/day)

Total N No. of deaths HR (95% CI) P for trend Total N No. of deaths HR (95% CI) P for trend

 < 100 6 452 588 1.00 0.10 14 085 1 942 1.00  < 0.001

100–199 11 654 905 0.89 (0.81–0.99) 20 847 2 263 0.86 (0.80–0.91)

200–299 7 232 605 1.03 (0.91–1.15) 11 672 1 182 0.82 (0.76–0.89)

 ≥ 300 4 477 333 1.07 (0.93–1.24) 7 250 689 0.84 (0.76–0.92)

Fig. 2  Intake of Nordic fruits and vegetables and all-cause mortality by restricted cubic splines stratified by never and ever smokers. From: 
Non-linear associations between healthy Nordic foods and all-cause mortality in the NOWAC study: a prospective study. Nordic fruits and 
vegetables modeled by restricted cubic splines with 3 knots at percentiles 10%, 50% and 90% (Never smokers: 65; 173; 343. Ever smokers: 53; 160; 
332). Black line hazard ratio, grey area 95% confidence interval. Age-adjusted and mutually adjusted for the healthy Nordic food groups, BMI < 20, 
20–24.9, 25–29.9, ≥ 30 (kg/m2), physical activity (low, medium, high), education (< 10, 10–12, > 12 years of schooling), intake of energy (kJ/day 
continuous), alcohol (non-consumer, 0–5, > 5 g/day), and processed red meat (< 15, 15–29, 30–44, ≥ 45 g/day). *Additionally, adjusted for pack-years
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Wang et al. found that the benefit of fruits and vegetables 
plateaued at approximately 5–6 servings per day [31].

The benefit of consuming Nordic fruits and vegetable 
seemed stronger  in ever- than in never-smokers. Simi-
lar tendencies were reported in the European Prospec-
tive Investigation into Cancer and Nutrition, which also 
included a subsample of women from NOWAC [33]. In 
addition, a meta-analysis of prospective cohort studies on 
the association between consumption of fruits and veg-
etable and risk of lung cancer found stronger associations 
with lung cancer among smokers. Antioxidant properties 
of fruits and vegetables are protective against increased 
oxidative stress caused by smoking [34].

The impact of dairy intake on mortality has been exten-
sively studied, but results are not conclusive [35, 36]. The 
divergence of results could be due to variation between 
the different types of dairy products being investigated 
(i.e., total dairy, specific categories of dairy such as milk, 
yoghurt, cheese, low-fat/high-fat dairy), different cut-off 
points between studies, but also the quality of the under-
lying diet in different populations. Still, when compar-
ing results on low-fat milk consumption as a specific 
dairy category and mortality in Nordic populations, one 
study finds an increased mortality [37] while another 
found no association [38]. It is noted that the fat content 
in yoghurt, which was part of the low-fat dairy products 
in the present study, could be up to 3.4%, and therefore 
not necessarily considered low-fat. Hence, our results are 
not directly comparable with these studies. Our analy-
sis showed a non-linear association with low-fat dairy 
and mortality, much in line with what Ding et al. found 
for total dairy consumption in three prospective cohort 
studies in women and men [39].

We observed that consumption up to the recom-
mended 200 g of fatty fish/week (29 g/day) was within 
a non-significant beneficial range, but when intake 
reached 60  g/day there was a significantly increased 
mortality. In contrast, higher consumption of lean fish 
reduced all-cause mortality. Several large cohort stud-
ies have not been able to show any reduced mortal-
ity linked to frequent fish consumption [40, 41], but 
some protective associations are found in metaanlyses 
[42–44]. Engeset et  al. found a non-linear trend with 
fatty fish consumption and mortality in the European 
Prospective investigation into Cancer and Nutrition 
cohort, which included a part of our sample [41]. Also, 
a study on fish consumption and mortality in a cohort 
of Swedish men and women found a U-shaped associa-
tion between consumption of fish and all-cause mor-
tality, which was more pronounced in women [45]. 
Furthermore, when they considered lean and fatty 
fish separately, they found no associations between 

consumption of lean fish and mortality, but up to 68% 
increased mortality in women who consumed 50 g/day 
fatty fish compared to the median intake level (9 g/day).

Even though fish is a good source of essential nutri-
ents, it is also a source of environmental contaminants 
such as dioxins, which are classified as carcinogens, and 
accumulates in the adipose tissue [21, 46, 47]. While 
lean fish store fat in the liver, fatty fish store it in the fil-
let itself, which then contains more of these substances 
compared to lean fish. One can speculate whether this 
is related to the observed increased mortality associ-
ated with high consumption of fatty fish, but not with 
lean fish.

The observed protective effect of wholegrain prod-
ucts on all-cause mortality in the present analysis is 
supported by meta-analyses of prospective cohort stud-
ies including populations from the US, Europe, and 
Asia [48, 49]. In the meta-analysis by Aune et al., reduc-
tions in mortality for whole grains were observed up 
to an intake of 225 g per day and they found a steeper 
reduction at lower intake levels. In a study on Nor-
wegian wholegrain eaters by Jacobs et  al. included in 
the meta-analyses, they found an inverse association 
between a calculated wholegrain consumption score 
and mortality, with the highest score being most ben-
eficial [50]. This score was calculated based on slices of 
bread multiplied by percentages of wholegrain and was 
thus based on more detailed information on wholegrain 
consumption than was available in the present study.

These findings imply that if linear associations 
between traditional Nordic foods and health outcomes 
are assumed, it might lead to wrong conclusions as 
the relationships can be non-linear. Furthermore, they 
imply that lean and fatty fish might be differently asso-
ciated to health outcomes, and that this aspect there-
fore should be investigated further in future studies. 
Also, the search for optimal intake levels of traditional 
foods should be emphasised in further studies on 
regional sustainable diets, both for health and to reduce 
the burden of food production on the environment.

Establishing optimal intake levels of foods for health 
is, however, not straightforward, given the limita-
tions inherent in FFQs to provide precise estimates of 
actual food intake. Furthermore, analyses on isolated 
foods does not consider synergistic and antagonistic 
interactions between food groups existing within the 
same diet, and possibly also with other lifestyle factors, 
which might explain why isolated foods sometimes 
show a seemingly confusing pattern on health. These 
interactions might be better captured with dietary pat-
tern analyses, but as indicated by our results, careful 
consideration on how to score individual foods in con-
struction of a combined diet score is warranted.
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Strengths and limitations
The strengths of this study include a large sample size, a 
high number of deaths and the long follow-up (median 
20  years), providing enough statistical power in the 
analysis. Linkage to registry  is a strength  as all deaths 
are confirmed. Furthermore, the risk of sampling bias is 
considered low due to the selection of women through 
the National Registry. Another strength is that a vali-
dated questionnaire was used to assess food intake and 
covariates [15–17, 22, 23].

The study is, however, limited  by having only 
one assessment of diet, as dietary habits probably have 
changed during follow-up. Recalling the habitual diet 
with the use of FFQ over the past year could be chal-
lenging and give rise to misclassification of dietary 
exposures, but this is expected to be non-differential. 
In addition, the FFQ was not designed to measure all 
foods that are part of a healthy Nordic diet and hence 
does not capture all relevant food components such 
as wild berries and vegetables like kale or distinguish 
between specific varieties of Nordic wholegrains such 
as rye and barley. Furthermore, precise assessment of 
dietary exposure is difficult and measurement errors 
are inevitable in nutritional epidemiology. Also, even 
though we adjusted for covariates that were unevenly 
distributed across intake categories of the Nordic food 
groups, residual confounding due to imprecise assess-
ment of these factors as well as unmeasured factors is 
likely. The results must be interpreted with caution as 
the moderate consumers are probably more representa-
tive of what most people eat, while both low and high 
consumers can be different in many ways (e.g., extreme 
dieters, vegans, people with allergies).

Conclusion
Nordic fruits and vegetables, low-fat dairy products and 
fatty fish was non-linearly associated to all-cause mor-
tality, while increased intake of lean fish and wholegrain 
products reduced all-cause mortality among middle-aged 
and older women.

While high consumption of fatty fish increased all-
cause mortality, the opposite was found for lean fish, sug-
gesting that they should not be treated as one food group 
in relation to health outcomes.

Consumption of Nordic fruits and vegetables was most 
beneficial in women that were either current or former 
smokers, implying that dietary interventions might be 
especially important for women with higher risk of pre-
mature death due to smoking. Our results indicate that 
more attention to nonlinear associations is warranted in 
analyses of diet and health-outcomes.
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Supplemental Table 1. Spearman correlation coefficients between intake of Nordic food groups 

From: Non-linear associations between healthy Nordic foods and all-cause mortality in the NOWAC study: a prospective 
study 

Healthy Nordic food 
groups 

Nordic fruits 
and  
vegetables 
intake 

Wholegrain 
intake 

Fatty fish 
intake 
 

Lean fish 
intake 
 

Low-fat dairy 
intake 
 

Nordic fruits and 
vegetables intake 

1     

 
Wholegrain intake 

 
0.05 

 
1 

   

 
Fatty fish intake 
 

 
0.19 

 
0.01 

 
1 

  

Lean fish intake 
 

0.15 0.09 0.21 1  

Low-fat dairy intake 
 

0.02 0.14 0.02 0.07 1 

 

Supplemental Table 2. Population distribution and intake of Nordic fruits and vegetables stratified by never and ever 
smokers 

From: Non-linear associations between healthy Nordic foods and all-cause mortality in the NOWAC study: a prospective 
study 

Smoking status Total N No. of 
deaths 

Nordic fruits and 
vegetables intake 
Median intake 
(P10-P90) (g/day) 

Nordic fruits and vegetables intake 
categories (g/day) 

 <100 100-199 200-299 ≥300 

Never smokers 29 815 2 431 173 (65-342) 68  150  237  366  

Ever smokers 53 854 6 076 160 (53-332) 63 148 237 369 
 

 

 

 

 

 

 



Supplemental Table 3. Hazard ratios (HR) and all-cause mortality according to intake categories of Nordic food groups 
leaving BMI out of the multivariable-adjusted model 

From: Non-linear associations between healthy Nordic foods and all-cause mortality in the NOWAC study: a prospective 
study 

Healthy 
Nordic 
food 
groups 

Intake 
categories 
(g/day) 

Total N No. of 
deaths 

All-cause mortality 

Age-adjusted* Multivariable-
adjusted model 

** 

P for trend  

HR (95% CI) HR (95% CI)  

Nordic 
fruits and 
vegetables 

< 100  
100–199  
200–299 
≥ 300 

20 537  
32 501  
18 904  
11 727  

2 530 
3 168 
1 787 
1 022 

1.00 
0.79 (0.75–0.83) 
0.77 (0.72–0.82) 
0.78 (0.73–0.84) 

1.00 
0.91 (0.86–0.96) 
0.95 (0.89–1.01) 
0.98 (0.91–1.06) 

0.94 

Wholegrai
n products 

< 60 
60–119 
120–179 
≥ 180 

14 724  
24 439  
16 071  
28 435  

1 419 
2 669 
1 550 
2 869 

1.00 
0.91 (0.85–0.97) 
0.78 (0.73–0.83) 
0.84 (0.79–0.90) 

1.00 
0.97 (0.90–1.03) 
0.91 (0.85–0.99) 
0.91 (0.85–0.98) 

0.02    

Fatty fish < 5  
5–14 
15–29 
≥ 30 

23 792  
25 882  
22 074  
11 921 

2 497 
2 517 
2 090 
1403 

1.00 
0.94 (0.89–1.00) 
0.90 (0.85–0.96) 
0.98 (0.92–1.05) 

1.00 
1.01 (0.95–1.07) 
0.99 (0.93–1.05) 
1.06 (0.98–1.13) 

0.17 

Lean fish < 15 
15–29 
30–44 
≥ 45 

28 254  
22 562  
14 841  
18 012  

2 529 
2 023 
1 469 
2 486 

1.00 
0.92 (0.87–0.97) 
0.93 (0.87–0.99) 
0.95 (0.90–1.01) 

1.00 
0.96 (0.91–1.02) 
0.98 (0.92–1.05) 
0.93 (0.88–0.99) 

0.04 

Low-fat 
dairy 
products 

Non-
consumers 
<200 
200–399 
≥400 

 
13 916  
34 848  
18 203  
16 702  

 
1 554 
3 078 
1 883 
1 992 

 
1.00 
0.79 (0.74–0.84) 
0.78 (0.73–0.84) 
0.84 (0.78–0.90) 

 
1.00 
0.90 (0.84–0.95) 
0.94 (0.88–1.01) 
0.97 (0.91–1.04) 

0.14 

* Age-adjusted with age as underlying timescale and subcohorts (n=5) included as strata variable  

** Age-adjusted and mutually adjusted for the healthy Nordic food groups, physical activity (low, medium, high), smoking 

status (never, current heavy smoker early starter, current moderate smoker early starter, current smoker late starter, 

former smoker early starter, former smoker late starter), education (<10, 10-12, >12 years of schooling), intake of energy 

(kJ/day continuous), alcohol (non-consumer, 0–5, > 5 grams/day), processed meat (< 15, 15–29, 30–44, ≥ 45 grams/day) 

 

 

 

 

 

 

 

 

 



Supplemental Figures 1-3 

Supplemental Figure 1. DAG constructed for the analyses for estimating the total effect of Nordic foods on all-cause 
mortality 

From: Non-linear associations between healthy Nordic foods and all-cause mortality in the NOWAC study: a prospective 
study 

 

 

Red circle:                                                                                                                                                                                                     
Light grey circle: unobserved variables                                                                                                                                                     
Blue circles: observed variables 
Yellow circle: exposure  
Blue circle with I: outcome  
White circles: adjusted variables  
NF= healthy Nordic foods                                                                                                                                                                                        
CRC= colorectal cancer                                                                                                                                                                               
CVD= cardiovascular disease                                                                                                                                                                    
BMI= Body Mass Index                                                                                                                                                                              
PRCmeat= processed red meat                                                                                                                                                                 
Kcal= energy intake  

The figure is created from www.dagitty.net 

 

 

 

 

 

 



Supplemental Figure 2. Intake of Nordic food groups and all-cause mortality by restricted cubic spline regression excluding 
death cases that occurred in first two years of follow-up 

From: Non-linear associations between healthy Nordic foods and all-cause mortality in the NOWAC study: a prospective 
study 

  

 

 

 

  
  

Nordic food groups modeled by restricted cubic splines with 3 knots at percentiles 10%, 50% and 90% (Nordic fruits and 

vegetables 57;164;336. Low-fat dairy products 0;138;550. Fatty fish 0;13;35. Lean fish 0;24;66 g/day). 

Black line hazard ratio, grey area 95% confidence interval  

Mutually adjusted for the healthy Nordic food groups, age (underlying timescale), BMI <20, 20-24.9, 25-29.9, ≥30 (kg/m2), 

physical activity (low, medium, high), smoking status (never, current heavy smoker early starter, current moderate smoker 

early starter, current smoker late starter, former smoker early starter, former smoker late starter), education (<10, 10-12. 

>12 years of schooling), intake of energy (kJ/day continuous), alcohol (non-consumer, 0-5, >5 gram/day), and processed red 

meat (<15, 15-29, 30-44, ≥45 gram/day), subcohorts (n=5) included as strata variable 
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Supplemental Figure 3. Intake of Nordic fruits and vegetables and all-cause mortality by restricted cubic spline regression, 
estimates further adjusted for other fruits and vegetables 

From: Non-linear associations between healthy Nordic foods and all-cause mortality in the NOWAC study: a prospective 
study 

 

Nordic fruits and vegetables modeled by restricted cubic splines with 3 knots at percentiles 10%, 50% and 90% (57; 164; 

336 g/day).  

Black line hazard ratio, grey area 95% confidence interval  

Mutually adjusted for the healthy Nordic food groups, age (underlying timescale), BMI < 20, 20–24.9, 25–29.9, ≥ 30 (kg/m2), 

physical activity (low, medium, high), smoking status (never, current heavy smoker early starter, current moderate smoker 

early starter, current smoker late starter, former smoker early starter, former smoker late starter), education (<10, 10-12, 

>12 years of schooling), intake of energy (kJ/day continuous), alcohol (non-consumer, 0–5, > 5 grams/day), processed red 

meat (< 15, 15–29, 30–44, ≥ 45 grams/day) and other fruits and vegetables (<100, 100-199, 200-299, ≥300), 

subcohorts (n=5) included as strata variable 
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Abstract
Nordic Nutrition Recommendations recommend reducing red and processed meat and increasing fish consumption, but the impact of this
replacement onmortality is understudied. This study investigated the replacement of red and processedmeat with fish in relation tomortality. Of
83 304 women in the Norwegian Women and Cancer Study (NOWAC) study, 9420 died during a median of 21·0 years of follow-up. The hazard
ratios (HR) formortality were estimated using Cox proportional hazards regressionwith analyses stratified on red and processedmeat intake due
to non-linearity. Higher processed meat (> 30 g/d), red and processed meat (> 50 g/d), and fatty fish consumption were associated with higher
mortality, while red meat and lean fish consumption were neutral or beneficial. Among women with higher processed meat intake (> 30 g/d),
replacing 20 g/d with lean fish was associated with lower all-cause (HR 0·92, 95 % CI 0·89, 0·96), cancer (HR 0·92, 95 % CI 0·88, 0·97) and CVD
mortality (HR 0·82, 95 % CI 0·74, 0·90), while replacing with fatty fish was associated with lower CVDmortality (HR 0·87, 95 % CI 0·77, 0·97), but
not with all-cause or cancer mortality. Replacing processed meat with fish among women with lower processed meat intake (≤ 30 g/d) or
replacing red meat with fish was not associated with mortality. Replacing processed meat with lean or fatty fish may lower the risk of premature
deaths in Norwegian women, but only in women with high intake of processed meat. These findings suggest that interventions to reduce
processed meat intake should target high consumers.

Keywords: Red and processed meat: Lean fish: Fatty fish: Substitution analyses: Cause-specific mortality

Red meat mainly refers to meat derived from pork, cattle, sheep
and goat(1,2). Processed meat primarily consists of red meat that
has undergonemodifications like curing, salting, or smoking and
often contains minced fatty tissues. It includes items such as
bacon, sausages, ham, salami, liver pate and similar products(1).
Red meat is an important source of energy and nutrients such as
proteins, essential amino acids, vitamin B6, vitamin B12, Zn and
Fe(1). However, red meat, especially processed meat, is also a
significant source of SFA and of substances formed during
processing that can have adverse effects on health(1,3).

There is strong evidence that processed meat consumption
increases the risk of colorectal cancer, and probable evidence
that red meat consumption also increases the risk(4,5). Red meat,

and particularly processedmeat, is a probable risk factor for type
2 diabetes and CVD, which are leading causes of death in high-
income countries(6–9). The evidence indicates that the associa-
tion with mortality is stronger and more consistent for processed
meat compared with red meat(9). The precise mechanisms
underlying the adverse health effects linked to the consumption
of red and processed meat are not yet fully established(1,3).
However, the presence of saturated fats and heme iron, in
addition to Na and processed induced substances such as
heterocyclic aromatic amines, and lipid peroxidation products,
have been proposed to contribute to the increased mortality and
disease from processed meat consumption compared with red
meat consumption(1,3).
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Reducing the intake of red and processed meat, as
recommended by dietary guidelines, must however be com-
pensated by an increased intake of other energy-contributing
foods to maintain a balanced energy intake(1,10). Fish serves as
viable alternative to red and processed meat, providing high-
quality protein and essential nutrients such as vitamins A and
B12, Fe, and Zn(2). Additionally, fish has a low content of SFA and
is a source of the long-chain n-3 fatty acids, EPA and DHA, I, Se,
and vitamin D(2).

Increasing fish intake while reducing red and processed
meat consumption could have potential benefits for public
health, but there are only a few studies that have specifically
examined the implications of this replacement on mortality in
specified substitution analyses(11–14). While these studies found
lower mortality by replacing red and/or processed meat with
alternative sources of protein, including fish, they did not
differentiate between replacement of red and processed meat
with lean or fatty fish. Findings from the Norwegian Women
and Cancer Study (NOWAC) study indicates that a higher
consumption of lean fish could have potential benefits in
relation to all-cause mortality, whereas lower intake of fatty fish
showed a neutral association with all-cause mortality, and
higher intake was linked to higher all-cause mortality(15).
Another NOWAC study found that lean fish consumption, but
not fatty fish, was associated with lower risk of type 2 diabetes
mellitus, suggesting that distinguishing between types of fish is
important when examining associations with cause-specific
mortality(16).

When conducting analyses using specified food substitution
models, there is an assumption that the relationship between
exposure and outcome(s) is linear. While there is evidence
supporting a linear relationship between red and processed
meat consumption and mortality(9), there are also indications of
potential non-linear associations(7,8,17,18).

Therefore, the main objective of this study was to investigate
how replacing red and processed meat with lean or fatty fish is
associated with all-cause mortality, and mortality related to
cancer and CVD (ischemic heart disease (IHD) and stroke),
within a cohort of Norwegian women. In support of the main
objective, the study aims to consider potential non-linear
associations between red and processed meat and fish
consumption and cause-specific mortality outcomes, as well
as the associations between red and processed meat and fish
consumption and mortality outcomes without the substitution.

Methods

Study population

We used data from the NOWAC study, including women who
have answered a questionnaire about different lifestyle factors,
in particular food frequency questions. Data were collected in
the period between 1996 and 1998 or 2003 and 2005, from
women aged between 41 and 70 years at inclusion.Womenwere
randomly selected from the National Registry of Statistics
Norway(19). The study sample has been found to be represen-
tative as nomajor source of selection biaswas revealed in a study
assessing the external validity of the NOWAC cohort(20). The

study found minor differences between responders and the total
sample regarding education and parity, but no significant
differences in relation to cancer incidence rates.

A total of 101 316 women were available for inclusion in this
study. Women with zero person-years of follow-up (n 20),
implausible energy intake (< 2500 kJ/d (n 1053) or> 15 000 kJ/d
(n 140)), andmissing values for the covariates of physical activity
(n 8539), education (n 4684), smoking (n 1306) and BMI (kg/m2)
(BMI) (n 2270) were excluded from the analytical sample. A total
of 83 304 womenwere included in the analyses for lean and fatty
fish consumption and mortality, while non-consumers of
processed meat (n 1930), of red meat (n 5707) and of red and
processed meat (n 1059) were excluded in the analysis of red
and processed meat and mortality outcomes and in the
substitution analyses, respectively; see Fig. 1 for clarification.

The NOWAC cohort received approval for the collection and
storage of the questionnaire information. All data were stored
and handled according to permission provided by the
Norwegian Data Protection Authority (Ref.nr. 07–00030).
Participants provided written informed consent, and ethical
approval for the NOWAC cohort was obtained from the Regional
Committee for Medical and Health Research Ethics (REK)
(Ref.nr. 200300119–5).

Exposure

Dietary data were collected using validated semi-quantitative
FFQ which were developed to measure usual food intake over
the past year(21–23). The respondents were asked to report the
average food consumption in four to seven frequency categories
ranging from never/seldom to six or more per week. The FFQ
have been slightly improved and adapted as new hypotheses
have been generated, new products have been introduced, and
other products have been removed from the market during the
data collection period of almost 10 years. In total seven, grouped
into five for stratification, slightly different versions of the FFQ
part of the lifestyle questionnaires have been used to collect
dietary data in this cohort. The items included in the FFQ varied
from approximately seventy-three to ninety frequency ques-
tions, but most of the questions used to estimate the exposures in
this study have remained consistent over time(24). In addition to
the frequency questions, there were separate portion size
questions for most fish, meat and fish and meat products
consumed as main dishes. For sandwich spreads, participants
reported how many slices of bread they consumed with the
various spreads, and this was multiplied with standard
portions(25). To account for small variations between different
versions of the FFQ, those which were completed closest
together in time were grouped together in subcohorts (n 5), and
subcohorts were used as a stratification variable as per NOWAC
analytical strategy(24).

In this study, red meat included beef, chops and roast, and
processed meat included sausages, meatballs/burgers, and
sandwich meat made from red meat (not including processed
poultry) but excluded red and processed meat as part of
combined dishes, such as pizza and stew. Lean fish included cod,
saithe, haddock, plaice, catfish, flounder, redfish, fish cakes,
fried fish and tuna in oil/water but excluded lean fish as part of
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other combined dishes. Fatty fish included salmon, trout,
herring, mackerel, mackerel spread, sardine in oil, pickled
herring, smoked and cured salmon but excluded fatty fish as part
of other combined dishes. Subtypes of fish or fish products,
which could not be defined as lean or fatty fish such as ‘other
fish’, shellfish, liver, caviar and roe were not included in the lean
or fatty fish exposures but were rather controlled for in the
analyses. Red and processed meat and lean and fatty fish were
expressed as continuous exposures with 20 g/d increments in
the analyses, and substitutions of red and processed meat with
lean or fatty fish were expressed in servings of 20 g/d.

The daily intake of food and energy was calculated for each
participant by converting consumption frequency and portion
size to g/d, based on information about standardsed portion
sizes and weights obtained from the Norwegian Weight and
Measurement Table(25), and information about nutrient content
in foods obtained from the Norwegian Food Composition
Database(26). The calculations were done using a statistical
syntax in SAS (SAS Institute Inc., Cary, NC, USA), developed at
the Department of Community Medicine, UiT The Arctic
University of Norway, for the NOWAC cohort.

Outcomes

The outcomes of interest were all-cause mortality and death due
to cancer and the major subtypes of CVD of which athero-
sclerosis is a common risk factor, that is, IHD and stroke.
Mortality outcomes were defined according to the International
Classification of Diseases, 10th Revision codes: cancer including
malignant neoplasms at all sites (C00-C97), CVD including IHD
(I20-I25) and stroke (I60-I69). To obtain information on death,
the NOWAC study participants were linked to the Norwegian
Cause of Death Registry using the unique personal identity
number. Participants were followed up until the date of
emigration or death or 31 December 2019, whichever came first.

Covariates

Included covariates were chosen a priori based on literature and
directed acyclic graphs (online Supplementary Fig. 1).

Information on age (years) was based on information from
the National Population Registry in Norway, whereas all the
other covariate information was obtained from the lifestyle
questionnaires (which included the FFQ). The variable for

Women available for 
inclusion

n=101 316

Excluded:
women with zero years 
follow-up, implausible 

energy intake and missing 
values among covariates

(n= 18 012)

Study sample
n=83 304

Excluded: 
Women with 0 

intake of 
processed meat

(n=1 930)

Excluded: 
Women with 0 
intake of red 

meat
(n=5 707)

Excluded: 
Women with 0 

intake of red and 
processed meat

(n=1 059)

Study sample for 

analyses for 
processed meat

n=81 374

Study sample for 

analyses for red meat
n=77 597

Study sample for 

analyses for red and 
processed meat

n=82 245

Fig. 1. Flow chart with overview of participants included in the analytic samples.
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physical activity was based on self-reported physical activity
levels on a scale from low (1) to high (10), including physical
activity at home, work, exercise and walking(27). The smoking
variable was computed by combining information about
smoking status (never, former and current), age at smoking
initiation and the number of pack-years (number of cigarettes
smoked per d, divided by 20, multiplied by the number of years
smoked). Information on education was based on self-reported
number of years of schooling. Total energy intake, excluding
energy from alcohol (kJ/d), alcohol intake (g/d) and other foods
(g/d), were obtained from the FFQ.

BMI was calculated as weight divided by the square of height
based on validated self-reported weight (kg) and height (m)(28).
Information about prevalent diabetes (yes/no) was self-reported
and obtained from lifestyle questionnaires(16).

Statistical analyses

Descriptive statistics were used to calculate baseline character-
istics for the total cohort and for low and high consumers of
processed meat and low and high consumers of red meat, using
proportions for categorical variables and medians and 10th and
90th percentiles for continuous variables. The cut points for high
and low consumption were based on the restricted cubic spline
analyses (see below and results).

Cox proportional hazard models with age as the underlying
timescale were used to estimate hazard ratios (HR) between the
intake of processed meat, red meat, the total intake of red and
processed meat, lean and fatty fish, and mortality, and between
the substitution of processed meat, of red meat, and of the total
intake of red and processed meat with lean or fatty fish and
mortality. The proportional hazards assumption was evaluated
visually using log-log plots and Schoenfeld residuals.

The association between intake of processed meat, red meat,
red and processedmeat, lean and fatty fish, andmortality outcomes
was investigated for non-linearity using restricted cubic splineswith
three knots placed at the 10th, 50th and 90th percentiles.

Specified substitution analysis was performed using the
‘Leave-one-out’method to estimate the association between the
replacement of 20 g/d of processedmeat, 20 g/d of red meat and
20 g/d of red and processed meat with 20 g/d of lean or fatty
fish(29). The model for substitution of processed meat with lean
or fatty fish can be parameterised as

log h t; xð Þð Þ ¼ log h1 tð Þð Þ þ y1fattyfish1 þ y2leanfish2
þ y3otherfish3 þ y4shellfish4 þ y5chicken5
þ y6redmeat6 þ ytotalðfattyfish þ leanfish

þ otherfish þ shellfish þ chicken þ redmeat

þ processedmeatÞtotal;

where the total variable is the sum of the intakes of processed
meat, red meat, lean fish, fatty fish, and other foods in similar
food groups, that is, other fish (including ‘other fish’, roe, caviar
and liver), shellfish and chicken. When processed meat was not
included and red meat was, the coefficient for lean or fatty fish
represented the replacement of processedmeatwith lean or fatty
fish, respectively.

We adjusted for various covariates in four different models.
Model 1a was mutually adjusted for lean fish, fatty fish, red meat,
processed meat, other fish, shellfish, and chicken, and addi-
tionally adjusted for age (continuous timescale), energy intake
(continuous kJ/d (excluding energy from alcohol)), and for
subcohorts (n 5), which was included as a stratum variable.

In model 1b, which is specified as our main model, we
additionally adjusted for physical activity divided into three
categories (low (≤ 4), moderate (5–6) or high (≥ 7)), smoking
divided into six categories (never smokers, current heavy
smokers, current moderate smokers, current smokers late starter,
former smoker early starter and former smoker late starter) and
alcohol intake divided into three categories (non-consumers, low
consumers (0–5 g/d) andhigher consumers (> 5 g/d)). Inmodel 2,
we further adjusted for the consumption of other food groups that
are related to meat consumption and mortality, including fruits
and vegetables, dairy products, wholegrain products, refined
grain products and potatoes (all continuous in g/d). In model 3,
we further adjusted for BMI category (< 20, 20–24·9, 25–29·9,
≥ 30 kg/m2) and diabetes (yes/no).

Stata/MP 16.0 was used to perform statistical analyses.
Statistical significance was set at P< 0·05.

Sensitivity analysis

The following two sensitivity analyses were conducted:

(1) Because of concerns for reverse causation, we performed
analyses starting at follow-up for all participants 2 years after
enrolment.

(2) Because of concerns due to missing data among covariates,
we performed multiple imputation for the specified
substitution analyses with processed meat and lean or fatty
fish under the assumption that missing data could be
missing at random. The imputation was performed by
chained equations for missing data for the covariates:
education (7–9, 10–12, 13–16 and≥ 17 years of schooling),
physical activity (continuous scale 1–10), smoking status
(never smoker, current heavy smoker, current moderate
smoker, current smoker late starter, former smoker early
starter and former smoker late starter), height (cm) and
weight (kg). The other covariates included in our models
and mortality outcomes were included in the imputation
models. The missing values were replaced with imputed
values estimated based on observed values from twenty
duplicated datasets. Imputed values were drawn with the
use of predictive mean matching with the 100 nearest
neighbours for physical activity, height and weight which
were based on linear scales, and with the use of ordinal
regression and multinominal regression to impute missing
values for education and smoking, respectively.

Results

We included 83 304 women in this study, of whom 9420 died
during follow-up, including 4708 deaths from cancer and 1068
deaths from CVD (IHD or stroke) during a median follow-up
time of 21·0 years (Table 1).
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Table 1. Baseline characteristics for all women and for women with low and high intake of processed meat and for women with low and high intake of red meat

Characteristics Cohort
Processed meat

≤ 30 g/d
Processed meat

> 30 g/d
Red meat
≤ 20 g/d

Red meat
> 20 g/d

No. of participants n 83 304 39 119 42 255 55 476 22 121
No. of total deaths 9420 4637 4515 6240 2482
No. of deaths from cancer 4708 2227 2363 3080 1295
No. of deaths from CVD 1068 550 491 716 275

Age at baseline in years Mean SD Mean SD Mean SD Mean SD Mean SD

51·6 6·4 52·5 6·5 50·8 6·1 51·8 6·6 51·2 5·9

Education* n % n % n % n % n %

7–9 19 873 23·9 9151 23·4 10 384 24·6 12 855 23·2 5934 26·8
10–12 28 984 34·8 13 023 33·3 15 452 36·6 18 978 34·2 8341 37·7
13–16 23 040 27·7 11 089 28·4 11 377 26·9 15 743 28·4 5562 25·1
≥ 17 11 407 13·7 5856 15·0 5042 11·9 7900 14·2 2284 10·3

Smoking*
Never 29 684 35·6 14 359 36·7 14 592 34·5 20 890 37·7 6605 29·9
Current heavy smoker,
early starter

5647 6·8 2300 5·9 3254 7·7 3248 5·9 2106 9·5

Current moderate smoker,
early starter

10 816 13·0 4502 11·5 6173 14·6 6702 12·1 3561 16·1

Current smoker, late starter 7915 9·5 3710 9·5 4064 9·6 4977 9·0 2516 11·4
Former smoker, early starter 18 990 22·8 9027 23·1 9473 22·4 12 675 22·9 4887 22·1
Former smoker, late starter 10 252 12·3 5221 13·4 4699 11·1 6984 12·6 2446 11·1

Physical activity*
Low 22 198 26·7 10 009 25·6 11 742 27·8 14 594 26·3 6206 28·1
Medium 36 028 43·3 16 788 42·9 18 500 43·8 24 160 43·6 9527 43·1
High 25 078 30·1 12 322 31·5 12 013 28·4 16 722 30·1 6388 28·9

Alcohol* (g/d)
Non consumers 16 740 20·1 7776 19·9 8401 19·9 11 638 21·0 3384 15·3
0–5 45 895 55·1 21 600 55·2 23 379 55·3 31 066 56·0 11 953 54·0
> 5 20 669 24·8 9743 24·9 10 475 24·8 12 772 23·0 6784 30·7

BMI*
< 20 5414 6·5 2525 6·5 2644 6·3 3495 6·3 1369 6·2
20–24·9 44 873 53·9 21 651 55·4 22 075 52·2 30 006 54·1 11 628 52·6
25–29·9 25 188 30·2 11 730 30·0 13 035 30·9 16 848 30·4 6882 31·1
≥ 30 7829 9·4 3213 8·2 4501 10·7 5127 9·2 2242 10·1

No. of participants with
diabetes

1483 1·8 624 1·6 834 2·0 992 1·8 389 1·8

Dietary covariates Median Percentile 10–90 Median Percentile 10–90 Median Percentile 10–90 Median Percentile 10–90 Median Percentile 10–90

Energy intake (kJ/d) 6790 4686–9343 6289 4343–8623 7301 5238–9845 6678 4636–9142 7205 5050–9916
Processed meat (g/d) 30 9–62 18 8–27 45 32–73 28 10–59 38 15–71
Red meat (g/d) 13 3–28 11 2–25 16 5–32 11 4–17 26 21–41
Lean fish (g/d) 36 10–84 33 8–83 39 12–86 35 10–82 39 11–91
Fatty fish (g/d) 16 3–43 16 3–44 16 3–42 16 3–42 17 3–46
Fruits and vegetables (g/d) 304 125–598 310 125–614 295 124–572 300 124–586 307 129–603
Wholegrain products (g/d) 121 34–201 111 34–201 121 34–201 121 34–201 121 34–201
Refined grain products (g/d) 34 10–76 31 10–73 36 10–78 34 10–73 34 10–78
Potatoes (g/d) 126 22–189 126 22–189 126 22–189 126 22–189 126 22–189
Dairy products (g/d) 219 45–604 210 44–592 228 49–614 221 49–604 218 42–609

No, number of participants.
* Percent by columns.
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Test for linearity

The restricted cubic spline analyses showed that the association
between the intake of processed meat and mortality was
significantly non-linear, with the nadir of the curve around an
intake of 30 g processed meat/d (Fig. 2(a)). The intake of red
meat did not show a significant deviation from linearity in
relation to mortality outcomes, but the level of intake that
exhibited a non-significant trend towards the lowest all-cause
and CVDmortality was approximately 20 g per d (Fig. 2(b)). Red
and processed meat combined was significantly non-linearly
associated with mortality outcomes, with the nadir of the curve
around an intake of 50 g/d (online Supplementary Fig. 2). Based
on these results, we decided to split the subsequent analyses
between higher (> 30 g/d) and lower (≤ 30 g/d) intakes of
processedmeat, between higher (> 20 g/d) and lower (≤ 20 g/d)
intakes of red meat and between higher (> 50 g/d) and lower
intakes of red and processed meat (≤ 50 g/d).

The restricted cubic spline analysis estimating the association
between lean fish consumption and all-cause mortality was non-
linear with the curve being at its steepest between 0 g/d and
approximately 40 g/d, before flattening out about 60 g/d
(Fig. 2(c)). Since all intake levels of lean fish were beneficial, we
treated it as a linear exposure in the following analyses. Fatty fish
intake did not deviate from linearity in relation to mortality
outcomes and was thus treated as a linear exposure in the
following analyses (Fig. 2(d)).

Baseline characteristics for high and low consumers of red
and processed meat

Table 1 presents the baseline characteristics of all participants
and the high and low processed meat consumers, and the high
and low red meat consumers. We note that there were
tendencies to a less health-conscious lifestyle among high
consumers of processedmeat, but also higher energy intake, and
consequently higher intakes of most food groups including red
meat and lean fish. They were also younger and had lower
education than low consumers. There were similar tendencies,
but weaker, among higher consumers of red meat.

Red and processed meat and fish consumption in relation
to mortality

Processed meat consumption was associated with higher all-
cause, cancer and CVD mortality among women consuming
> 30 g/d, while no significant association was observed
between processed meat consumption and mortality out-
comes among women consuming ≤ 30 g/d (Table 2). No
significant associations between red meat consumption and
mortality outcomes were observed either among high or low
consumers of red meat (Table 2). Total consumption of red
and processed meat was associated with higher all-cause,
cancer and CVD mortality among women with higher red and
processed meat intake (> 50 g/d), while no significant
association was observed among women consuming ≤ 50 g
of red and processed meat/d (Table 2). Lean fish consumption
was marginally associated with lower all-cause and cancer

mortality, while fatty fish consumption was marginally
associated with higher all-cause and cancer mortality and
with higher CVD mortality (Table 2).

Specified substitution analyses

Replacing 20 g processed meat/d with 20 g lean fish was
associated with 8% lower all-cause mortality (HR 0·92, 95% CI
0·89, 0·96), 8 % lower cancer mortality (HR 0·92, 95% CI 0·88,
0·97) and 18 % lower CVDmortality (HR 0·82, 95%CI 0·74, 0·90)
among women consuming > 30 g processed meat/d (Table 3).
Replacing 20 g processedmeat/d with 20 g fatty fish was among
high consumers of processed meat associated with 13 % lower
CVD mortality (HR 0·87, 95% CI 0·77, 0·97), but not statistically
significantly with all-cause mortality (HR 0·97, 95% CI 0·93,
1·01) or cancer mortality (HR 0·96, 95% CI 0·90, 1·01) (Table 3).
Replacing processed meat with lean or fatty fish was not
significantly associated with mortality outcomes among lower
consumers of processed meat ≤ 30 g/d (Table 3).

Replacing 20 g of red meat/d with 20 g of lean fish was among
women consuming> 20 g red meat/d not statistically significantly
associated with all-cause mortality (HR 0·93, 95% CI 0·86, 1·01),
cancer mortality (model 1b: HR 1·03, 95% CI 0·92, 1·17) or CVD
mortality (HR 0·88, 95% CI 0·69, 1·12) (Table 4). Among higher
red meat consumers (> 20 g/d), replacing red meat with fatty fish
was not significantly associated with all-cause mortality (HR 0·99,
95% CI 0·91, 1·08), cancer mortality (HR 1·06, 95% CI 0·93, 1·21)
or CVD mortality (HR 1·00, 95 % CI 0·77, 1·29) (Table 4). No
associations were observed between replacement of red meat
with fish among women consuming≤ 20 g of red meat/d
(Table 4).

Overall, additional adjustments for other foods (model 2) and
potential mediators BMI and diabetes (model 3) did not lead to
significant changes in anyof thepresented associations (Table 2–4).

For the specified substitution analyses replacing red and
processed meat with lean fish, we observed lower all-cause and
CVD mortality, but not cancer mortality, among women
consuming> 50 g of red and processed meat/d (online
Supplementary Table 1(a)). No associations with mortality were
observed with replacing red and processed meat with lean fish
among low consumers of red and processed meat (online
Supplementary Table 1(b)). Replacing red and processed meat
with fatty fishwas not associatedwithmortality outcomes among
high consumers of red and processed meat (online
Supplementary Table 1(a)), while higher all-cause and cancer
mortality was observed with replacing red and processed meat
with fatty fish among low consumers of red and processed meat
(online Supplementary Table 1(b)).

Sensitivity analyses

Starting follow-up for all participants 2 years after enrolment did
not change our main results (online Supplementary Table 2–3).

Conducting multiple imputation for handling missing data
among covariates gave similar results as our complete-case
analyses (online Supplementary Table 4).
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Discussion

In this prospective cohort study of Norwegian women, we
observed non-linear associations between processed meat and
red and processedmeat consumption andmortality which led to
separate analyses for high and low consumers of meat. We
observed that higher consumption of processed meat can
increase the risk of premature death including death from cancer
and IHD and stroke, while this risk was not evident at lower
consumption levels of processed meat. Red meat consumption
was not significantly associated with mortality even at higher
intake levels. Expanding our analyses to the combined intake of
red and processed meat revealed similar associations as with
processed meat. Higher intake of lean fish was beneficial, while
higher fatty fish intake was associated with higher all-cause and
CVD mortality. Among women with higher processed meat
intake (> 30 g/d), replacing processed meat with lean fish was
associated with 8% lower all-cause mortality and cancer

mortality and with 18 % lower CVD mortality (per 20 g/d
replacement). Replacement of processed meat with fatty fish
among higher processed meat consumers was associated with
13 % lower CVD mortality per 20 g/d replacement. No
associations were observed in women with lower processed
meat intake. Replacing red meat with lean or fatty fish was not
significantly associated with mortality outcomes. When the
substitution analyses were expanded to the combined intake of
red and processed meat, only substitution with lean fish was
beneficial among high consumers, while among low consumers
we observed higher all-cause and cancer mortality when
replaced with fatty fish.

Explanation of findings

The stronger associations between processed meat intake
compared with red meat intake and mortality in high consumers
ofmeat are probably due to different nutritional composition and

All-cause mortality Cancer mortality CVD mortality
(a)

(b)

(c)

(d)
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Fig. 2. Intake of processed meat, red meat, lean and fatty fish and cause-specific mortality by restricted cubic spline regression.
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preparationmethods of red and processedmeat. Processedmeat
usually has higher energy density and lower levels of essential
nutrients typically present in red meat as well as higher levels of
Na and additives. The observed differences in mortality by
replacing processed meat with fish in different strata of
processed meat intake may be attributed to that the incorpo-
ration of processed meat in the diet enhances dietary diversity
and provides essential nutrients like Fe. Alternatively, it is
plausible that adverse health effects from processed meat
primarily manifest when the intake of some nutrients and
substances reaches a threshold, and thus that replacing lower

intake levels of processed meat with fish has less impact.
Moreover, a higher consumption of processed meat tends to
displace other food items, resulting in reduced dietary variety.
Lower intake of SFA or the replacement of SFA with unsaturated
fatty acids may play a significant role in the strongest association
observed between the substitution of processed meat with lean
or fatty fish in relation to CVD mortality in high processed meat
consumers(30,31). The observed linear association between
higher intake of fatty fish and higher all-cause mortality is
somewhat different from our previous analyses on fatty fish and
all-cause mortality in the NOWAC cohort where we observed a

Table 2. Hazard ratios (HR) and cause-specific mortality according to intake of processedmeat, red meat, red and processedmeat combined, lean and fatty
fish

All-cause mortality

Model 1a†† Model 1b‡‡ Model 2§§ Model 3||||

Per 20 g/d HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Processed meat> 30 g per d* 1·12 1·09, 1·16 1·07 1·04, 1·11 1·07 1·04, 1·11 1·06 1·03, 1·10
Processed meat≤ 30 g per d† 1·00 0·92, 1·08 0·97 0·89, 1·05 0·98 0·90, 1·06 0·97 0·90, 1·06
Red meat> 20 g per d‡ 1·16 1·07, 1·26 1·06 0·97, 1·14 1·06 0·98, 1·15 1·06 0·97, 1·15
Red meat≤ 20 g per d§ 1·07 0·97, 1·19 1·00 0·90, 1·11 1·00 0·90, 1·11 1·01 0·91, 1·12
Red and processed meat> 50 g per d|| 1·12 1·08, 1·15 1·06 1·03, 1·09 1·06 1·02, 1·09 1·05 1·02, 1·08
Red and processed meat≤ 50 g per d¶ 1·03 0·98, 1·08 0·98 0·94, 1·03 0·99 0·95, 1·04 0·99 0·95, 1·04
Lean fish** 0·99 0·98, 1·01 0·99 0·97, 1·00 0·99 0·98, 1·00 0·99 0·98, 1·00
Fatty fish** 1·04 1·02, 1·06 1·03 1·01, 1·06 1·04 1·02, 1·06 1·04 1·02, 1·06

Cancer mortality

Model 1a Model 1b Model 2 Model 3

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Processed meat> 30 g per d* 1·12 1·07, 1·17 1·08 1·03, 1·13 1·08 1·04, 1·13 1·08 1·04, 1·13
Processed meat≤ 30 g per d† 0·96 0·86, 1·08 0·93 0·83, 1·04 0·93 0·83, 1·05 0·93 0·83, 1·05
Red meat> 20 g per d‡ 1·05 0·94, 1·18 0·97 0·86, 1·09 0·97 0·86, 1·09 0·97 0·86, 1·09
Red meat≤ 20 g per d§ 1·04 0·89, 1·20 0·97 0·83, 1·13 0·97 0·84, 1·13 0·98 0·84, 1·14
Red and processed meat> 50 g per d|| 1·09 1·05, 1·13 1·04 1·00, 1·08 1·05 1·00, 1·09 1·04 1·00, 1·09
Red and processed meat≤ 50 g per d¶ 1·00 0·94, 1·07 0·96 0·90, 1·02 0·96 0·90, 1·03 0·96 0·90, 1·03
Lean fish** 0·99 0·97, 1·01 0·98 0·97, 1·00 0·98 0·96, 1·00 0·98 0·97, 1·00
Fatty fish** 1·04 1·01, 1·07 1·03 1·00, 1·06 1·03 1·00, 1·06 1·03 1·00, 1·06

CVD mortality

Model 1a Model 1b Model 2 Model 3

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Processed meat> 30 g per d* 1·26 1·16, 1·37 1·19 1·09, 1·30 1·20 1·10, 1·31 1·16 1·06, 1·27
Processed meat≤ 30 g per d† 1·09 0·87, 1·38 1·06 0·84, 1·34 1·09 0·86, 1·38 1·06 0·83, 1·34
Red meat> 20 g per d‡ 1·23 0·98, 1·55 1·09 0·86, 1·37 1·10 0·87, 1·39 1·10 0·87, 1·39
Red meat≤ 20 g per d§ 1·03 0·76, 1·40 0·94 0·69, 1·29 0·95 0·70, 1·30 0·95 0·69, 1·29
Red and processed meat> 50 g per d|| 1·22 1·13, 1·32 1·14 1·05, 1·23 1·14 1·05, 1·23 1·12 1·03, 1·21
Red and processed meat≤ 50 g per d¶ 1·07 0·93, 1·22 1·01 0·88, 1·15 1·04 0·91, 1·19 1·02 0·89, 1·17
Lean fish** 1·01 0·98, 1·05 0·99 0·96, 1·03 1·00 0·97, 1·04 1·00 0·96, 1·03
Fatty fish** 1·08 1·02, 1·14 1·07 1·02, 1·13 1·07 1·02, 1·13 1·06 1·01, 1·12

* n 42 255, no. of deaths= 4515, no. of cancer-related deaths= 2363, no. of CVD-related deaths= 491.
† n 39 119, no. of deaths= 4637, no. of cancer-related deaths= 2227, no. of CVD-related deaths= 550.
‡ n 22 121, no. of deaths= 2482, no. of cancer-related deaths= 1295, no. of CVD-related deaths= 275.
§ n 55 476, no. of deaths= 6240, no. of cancer-related deaths= 3080, no. of CVD-related deaths= 716.
|| n 34 959, no. of deaths= 3784, no. of cancer-related deaths= 2002, no. of CVD-related deaths= 420.
¶ n 47 286, no. of deaths= 5501, no. of cancer-related deaths= 2645, no. of CVD-related deaths= 635.
** n 83 304, no. of deaths= 9420, no. of cancer-related deaths= 4708, no. of CVD-related deaths= 1068.
††Mutually adjusted for red meat, processedmeat, lean fish, fatty fish, chicken, other fish, shellfish (with the exposure omitted in the respective analyses), age (underlying timescale)

and energy intake (continuous kJ/d excluding energy from alcohol), stratified by subcohorts (n 5).
‡‡Model 1aþ adjusted for education (7–9, 10–12, 13–16 and≥ 17 years of schooling), alcohol (non-consumer, 0–5,> 5 g/d), smoking (never, current heavy smoker, current

moderate smoker, current smoker late starter, former smoker early starter, former smoker late starter) and physical activity (low, medium, high).
§§ Model 1bþ adjusted for other foods: fruits and vegetables, wholegrain products, refined grain products, potatoes, dairy products (g/d continuous).
|||| Model 2þ adjusted for BMI categories (< 20, 20–24·99, 25–29·99,> 30), diabetes (yes/no).

538 T. M. Enget Jensen et al.

https://doi.org/10.1017/S0007114523002040 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114523002040


J-shaped curve(15). This might be explained by the inclusion of
processed fish such as mackerel in tomato which contains added
sugar, Na and preservatives, in current analyses.

Findings from other studies

To the best of our knowledge, no previous studies are directly
comparable to the present one, as they have not examined the
association between replacing red and/or processed meat with
lean or fatty fish, while stratifying the analyses based on intake

level of red and processed meat. Nevertheless, a few previous
studies have assessed the association between replacing red and
processed meat with fish and mortality. None of these studies
were, however, restricted to women, nor did they present sex-
specific results. Nielsen et al. found similar results as we did in
The Danish Diet, Cancer and Health cohort study, which is quite
comparable to our cohort study, both in terms of geographical
proximity and food culture(11). Their findings indicated that
replacing processed meat with fish or poultry showed a stronger
association with lower mortality compared with replacing red

Table 3. Hazard ratios (HR) and cause-specific mortality according to specified substitution analyses of processed meat with lean or fatty fish for women
consuming > 30 g and≤ 30 g processed meat per d

3a. Specified substitution analyses for processed meat intake> 30 g per d

All-cause mortality (no. of deaths = 4515)

n 42 255 Model 1a* Model 1b† Model 2‡ Model 3§

Per 20 g/d HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Lean fish for processed meat 0·89 0·86, 0·92 0·92 0·89, 0·96 0·92 0·89, 0·96 0·93 0·90, 0·97
Fatty fish for processed meat 0·93 0·89, 0·97 0·97 0·93, 1·01 0·97 0·93, 1·01 0·97 0·93, 1·01

Cancer mortality (no. of deaths= 2363)

Per 20 g/d

Model 1a* Model 1b† Model 2‡ Model 3§

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Lean fish for processed meat 0·90 0·85, 0·94 0·92 0·88, 0·97 0·92 0·87, 0·96 0·92 0·87, 0·97
Fatty fish for processed meat 0·93 0·88, 0·98 0·96 0·90, 1·01 0·95 0·90, 1·01 0·95 0·90, 1·01

CVD mortality (no. of deaths= 491)

Per 20 g/d

Model 1a* Model 1b† Model 2‡ Model 3§

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Lean fish for processed meat 0·79 0·72, 0·87 0·82 0·74, 0·90 0·82 0·74, 0·91 0·84 0·76, 0·93
Fatty fish for processed meat 0·82 0·73, 0·92 0·87 0·77, 0·97 0·87 0·77, 0·97 0·89 0·79, 1·00

3b. Specified substitution analyses for processed meat intake≤ 30 g per d

All-cause mortality (no. of deaths = 4637)

n 39 119 Model 1a* Model 1b† Model 2‡ Model 3§

Per 20 g/d HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Lean fish for processed meat 0·99 0·91, 1·08 1·01 0·93, 1·10 1·01 0·93, 1·10 1·02 0·93, 1·10
Fatty fish for processed meat 1·05 0·96, 1·14 1·07 0·98, 1·16 1·07 0·98, 1·17 1·07 0·98, 1·17

Cancer mortality (no. of deaths= 2227)

Per 20 g/d

Model 1a* Model 1b† Model 2‡ Model 3§

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Lean fish for processed meat 1·02 0·90, 1·14 1·05 0·93, 1·18 1·04 0·93, 1·18 1·04 0·92, 1·18
Fatty fish for processed meat 1·07 0·94, 1·20 1·10 0·97, 1·24 1·10 0·98, 1·25 1·10 0·98, 1·25

CVD mortality (no. of deaths= 550)

Per 20 g/d

Model 1a* Model 1b† Model 2‡ Model 3§

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Lean fish for processed meat 0·93 0·73, 1·18 0·95 0·75, 1·20 0·93 0·74, 1·19 0·96 0·75, 1·22
Fatty fish for processed meat 1·01 0·79, 1·28 1·02 0·80, 1·30 0·99 0·78, 1·27 1·02 0·80, 1·31

* Mutually adjusted for red meat, lean fish, fatty fish, chicken, other fish, shellfish, age (underlying timescale) and energy intake (continuous kJ/d excluding energy from alcohol),
stratified by subcohorts (n 5).

†Model 1aþ adjusted for education (7–9, 10–12, 13–16,≥ 17 years of schooling), alcohol (non-consumer, 0–5,> 5 g/d), smoking (never, current heavy smoker, current moderate
smoker, current smoker late starter, former smoker early starter, former smoker late starter) and physical activity (low, medium, high).

‡Model 1bþ adjusted for other foods: fruits and vegetables, wholegrain products, refined grain products, potatoes, and dairy products (g/d continuous).
§ Model 2þ adjusted for BMI categories (< 20, 20–24·99, 25–29·99,> 30) and diabetes (yes/no).

Replace processed meat for fish and mortality 539

https://doi.org/10.1017/S0007114523002040 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114523002040


meat. Specifically, they observed that 150 g of processed meat/
week (which is comparable to 20 g/d used in present study),
with total fish, was associated with lower all-cause and cancer
mortality, but not with CVD mortality, in men and women.
Deviating results on CVDmortality between our studiesmight be
explained by the different definitions of CVD-related deaths, as
Nielsen et al. included ICD-10 codes I00-I99, while we only
included IHD and stroke, which are the leading causes of CVD-
related deaths. In line with our results, Pan et al. found that
replacing one serving of processed meat per d (85 g/d) with one

serving of fish was associatedwith 10 % lower all-causemortality
in a cohort of men and women from the USA(13). In contrast to
our results, they found that red and processed meat intake was
linearly associated with higher mortality, and that substituting
red meat with fish was associated with lower mortality, although
to a lesser extent than the association observed with processed
meat(19). In another study from the USA, Etemadi et al. found that
intake of both red and processed meat was associated with
higher mortality, and that 20 g per 1000 kcal increased daily
intake of fish and similarly decreased intake of red and

Table 4. Hazard ratios (HR) and cause-specific mortality according to specified substitution analyses of red meat with lean or fatty fish for women
consuming > 20 g and≤ 20 g red meat per d

4a. Specified substitution analyses for red meat intake> 20 g per d

All-cause mortality (no. of deaths = 2482)

n 22 121 Model 1a* Model 1b† Model 2‡ Model 3§

Per 20 g/d HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Lean fish for red meat 0·86 0·79, 0·93 0·93 0·86, 1·01 0·93 0·86, 1·01 0·93 0·86, 1·02
Fatty fish for red meat 0·90 0·83, 0·98 0·99 0·91, 1·08 0·99 0·91, 1·08 0·99 0·91, 1·08

Cancer mortality (no. of deaths= 1295)

Per 20 g/d

Model 1a* Model 1b† Model 2‡ Model 3§

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Lean fish for red meat 0·96 0·85, 1·08 1·03 0·92, 1·17 1·03 0·92, 1·16 1·03 0·91, 1·16
Fatty fish for red meat 0·98 0·86, 1·11 1·06 0·93, 1·21 1·06 0·93, 1·21 1·06 0·93, 1·21

CVD mortality (no. of deaths= 275)

Per 20 g/d

Model 1a* Model 1b† Model 2‡ Model 3§

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Lean fish for red meat 0·80 0·63, 1·01 0·88 0·69, 1·12 0·88 0·69, 1·12 0·88 0·69, 1·12
Fatty fish for red meat 0·90 0·67, 1·12 1·00 0·77, 1·29 1·00 0·77, 1·29 0·98 0·76, 1·27

4b. Specified substitution analyses for red meat intake≤ 20 g per d

All-cause mortality (no. of deaths = 6240)

n 55 476 Model 1a* Model 1b† Model 2‡ Model 3§

Per 20 g/d HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Lean fish for red meat 0·93 0·83, 1·03 0·99 0·89, 1·10 0·99 0·89, 1·10 0·98 0·88, 1·09
Fatty fish for red meat 0·97 0·87, 1·08 1·04 0·93, 1·15 1·04 0·93, 1·15 1·02 0·92, 1·14

Cancer mortality (no. of deaths= 3080)

Per 20 g/d

Model 1a* Model 1b† Model 2‡ Model 3§

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Lean fish for red meat 0·95 0·82, 1·11 1·01 0·87, 1·17 1·01 0·86, 1·17 1·00 0·86, 1·16
Fatty fish for red meat 1·00 0·86, 1·17 1·07 0·91, 1·24 1·06 0·91, 1·24 1·06 0·91, 1·23

CVD mortality (no. of deaths= 716)

Per 20 g/d

Model 1a* Model 1b† Model 2‡ Model 3§

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Lean fish for red meat 0·98 0·72, 1·35 1·06 0·78, 1·45 1·06 0·77, 1·45 1·06 0·77, 1·45
Fatty fish for red meat 1·03 0·75, 1·41 1·11 0·81, 1·53 1·10 0·80, 1·51 1·10 0·80, 1·52

* Mutually adjusted for processedmeat, lean fish, fatty fish, chicken, other fish, shellfish, age (underlying timescale) and energy intake (continuous kJ/d excluding energy fromalcohol),
stratified by subcohorts (n 5).

†Model 1aþ adjusted for education (7–9, 10–12, 13–16,≥ 17 years of schooling), alcohol (non-consumer, 0–5,> 5 g/d), smoking (never, current heavy smoker, current moderate
smoker, current smoker late starter, former smoker early starter, former smoker late starter) and physical activity (low, medium, high).

‡Model 1bþ adjusted for other foods: fruits and vegetables, wholegrain products, refined grain products, potatoes, and dairy products (g/d continuous).
§ Model 2þ adjusted for BMI categories (< 20, 20–24·99, 25–29·99,> 30) and diabetes (yes/no).
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processedmeat was associatedwith 5% lower all-causemortality
in men and women(14). One more study including US men and
women by Zhong et al. found that substituting both redmeat and
processed meat with fish could reduce all-cause mortality(12). In
line with our results, van den Brandt et al. observed that
processed meat intake was associated with overall higher
mortality in men and women, while red meat intake was not(32).
However, they found no deviation from linearity between
processed consumption and all-cause, cancer or CVD mortality.
They observed higher all-cause and cause-specific mortality
from higher fish consumption, and that replacing processed
meat with fish was not significantly associated with all-cause,
cancer or CVD mortality, but the HR was elevated for all
outcomes. One might consider whether consuming fish like
salmon and herring of possible Baltic Sea origin which exhibits
higher levels of dioxins and polychlorinated biphenyls (PCBs)
than fishes of non-Baltic origin could potentially have under-
mined the benefits of replacing processed meat with fish in the
Dutch study(33). However, these are mere speculations since the
origin of the fish consumed is unknown.

Strengths and limitations

These findings should be interpreted with caution, as the lower
mortality observed from replacing processed meat and red and
processed meat combined with particularly lean fish is limited
to interpretation using statistical methods and is not based on
an observed effect from actual dietary changes. However,
intervention studies are poorly suited for investigating dietary
interventions and outcomes that require a long follow-up
period, such as mortality. The strength of this study was that it
included a nationally representative cohort of women with a
low risk of sampling bias and high external validity. The linkage
to the death registry of Norway, which confirms all deaths,
lowers the risk of misclassification, although the cause of death
may be misclassified. The large sample size and long follow-up
time provided a high number of deaths, strengthening the
statistical power in the analyses and making it possible to
perform analyses in subsamples of the study sample.
Furthermore, validated FFQ with detailed information on
different types of fish facilitated a good measure of lean and
fatty fish exposure and allowed for separate analyses of lean
and fatty fish. However, the study was limited by self-reported
dietary intake, which is prone to error and unlikely to be
precise. The meat consumption, as estimated through four
repeated 24-h dietary recalls in a validation study, was however
not significantly different from the amount estimated using the
FFQ. Conversely, the intake of fish, as estimated in the FFQ,was
higher than the estimations derived from the 24-h dietary
recalls(22). The actual consumption of meats and fish is
nevertheless underestimated due to the unknown amount
from combined dishes. In the validation study, combined
dishes were treated as grams of the dish and not as grams of its
ingredients. Another limitation is that we were unable to
capture changes in diet or covariates over time, as we only used
one time point for exposure measurements.

Errors due to self-reporting of covariates and residual
confounding from unmeasured factors can introduce bias.

Hence, we cannot rule out that the beneficial effect on
mortality from replacing processed meat with fish can be
attributed to lifestyle factors associated with fish consumption
or high consumption of processed meat, or with other foods
often consumed together with these protein sources. For
example, the composition of meals with fish compared with
processed meat might be healthier in general. This has been
shown in a study comparing nutritional composition between
red meat dinners (including processed meat) and fish dinners
in Norwegian adults where fish dinners generally had a
healthier profile with less energy and a higher percentage of
energy from proteins than red meat dinners(34). Adjusting for
other foods in our analyses did, however, not change the
association between replacing processed meat and red meat
with lean or fatty fish. In a previous study on dietary patterns in
NOWAC, fish eaters were characterised by a high intake of fat
and boiled coffee, current smoking, lower education, and
higher BMI than women belonging to different dietary
clusters, indicating a less healthy lifestyle among fish
eaters(35). These characteristics may however not accurately
reflect the diverse range of dietary habits and lifestyles among
all fish eaters, as fish consumption has been associated with
overall healthier meal compositions and lifestyles(34,36). It is
also likely that there may be some residual confounding by
smoking, a major predictor of mortality, in the analysis. The
relatively high number of participants with missing data for
included covariates could bias the observed associations.
However, the fact that our main results for substitution of
processed meat with lean or fatty fish were similar after
imputing missing values suggests that the observed associa-
tions from the complete-case analyses is quite robust.
Furthermore, we chose to do substitution by weight, rather
than by energy, and the difference in energy content between
red and processed meat and particularly with lean fish leaves
an unspecified energy substitution that must be replaced by
other foods that were not controlled in the analyses.

Public health implications

The findings of this study align with the Nordic Nutrition
Recommendations 2023, which suggest limiting the consump-
tion of red and processed meat to a maximum of 350 g per week
for health purposes, as we observed that an intake above this
was associated with higher mortality(1). However, our results
emphasise the significant role of processed meat in explaining
the positive association between red and processed meat
consumption and mortality.

The potential reduction of premature deaths in high
processed meat consumers by replacing some of the
processed meat intake with particularly lean fish could be
substantial in a public health perspective as the estimated
intake of processed meat among women in Norway is higher
than recommended(1,37). The replacement of processed meat
with fish of equal serving size is applicable to traditional
Norwegian meal settings and can provide an easy interpre-
tation from a public health perspective. Implementing such a
transition is however not straightforward, and a study
conducted by Erkkola et al. in Finland highlighted that when
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individuals make transitions away from red meat consump-
tion, they tend to shift their dietary preferences towards
poultry over fish(38).

Conclusion

Our study indicates that higher consumption of processed meat,
but not red meat, is associated with higher cause-specific
mortality, while lower processed meat consumption may not
increase the risk of premature death among women in Norway.
While lean fish consumptionwas associatedwith lower all-cause
mortality, higher consumption of fatty fish was associated with
higher all-cause and CVD mortality.

Replacing processedmeat with lean fish in higher processed
meat consumers could potentially lower the risk of premature
deaths from all causes, including cancer and CVD in Norwegian
women. Replacing processed meat intake with fatty fish may
specifically reduce the risk of early death from IHD and stroke
in women with higher processed meat consumption. It is
important to highlight that our observations regarding benefits
of replacing processedmeat with fish were restricted to women
with higher processedmeat consumption. Further investigation
is warranted to confirm these results and to understand the
potential effects of replacements of processed meat with lean
and fatty fish in women with lower processed meat intake and
in men.
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Supplemental Tables 
Supplemental table 1.  Hazard ratio (HR) and cause specific mortality according to specified substitution 
analyses for red and processed meat with lean or fatty fish for women consuming >50 grams/day and ≤ 50 
grams/day of red and processed meat  

ST1a. Specified substitution analyses for red and processed meat intake > 50 grams/day 

n= 34 959 All-cause mortality (No. of deaths = 3 784) 

Per 20 g/day 

Model 1a* Model 1b† Model 2‡ Model 3§ 

HR 95% CI HR 95% CI HR 95% CI HR 95% CI 

Lean fish for red and processed meat 0.90 0.87-0.93 0.94 0.91-0.97 0.94 0.91-0.97 0.95 0.92-0.98 

Fatty fish for red and processed meat 0.93 0.89-0.97 0.97 0.93-1.01 0.97 0.93-1.02 0.98 0.94-1.02 

Cancer mortality (No. of deaths = 2 002) 

Per 20 g/day 

Model 1a* Model 1b† Model 2‡ Model 3§ 

HR 95% CI HR 95% CI HR 95% CI HR 95% CI 

Lean fish for red and processed meat 0.93 0.88-0.97 0.96 0.92-1.01 0.96 0.91-1.01 0.96 0.91-1.01 

Fatty fish for red and processed meat 0.94 0.88-1.00 0.97 0.92-1.03 0.97 0.91-1.03 0.97 0.91-1.03 

CVD mortality (No. of deaths = 420) 

Per 20 g/day 

Model 1a* Model 1b† Model 2‡ Model 3§ 

HR 95% CI HR 95% CI HR 95% CI HR 95% CI 

Lean fish for red and processed meat 0.81 0.73-0.89 0.85 0.77-0.93 0.85 0.77-0.94 0.86 0.78-0.95 

Fatty fish for red and processed meat 0.86 0.77-0.97 0.92 0.82-1.04 0.93 0.82-1.04 0.93 0.83-1.05 

ST1b.  Specified substitution analyses for red and processed meat intake ≤ 50 grams/day 

n= 47 286 All-cause mortality (No. of deaths = 5 501) 

Per 20 g/day 

Model 1a* Model 1b† Model 2‡ Model 3§ 

HR 95% CI HR 95% CI HR 95% CI HR 95% CI 

Lean fish for red and processed meat 0.96 0.91-1.01 1.00 0.94-1.05 0.99 0.95-1.04 0.99 0.95-1.04 

Fatty fish for red and processed meat 1.02 0.97-1.07 1.07 1.01-1.12 1.06 1.00-1.11 1.06 1.00-1.11 

Cancer mortality (No. of deaths = 2 645) 

Per 20 g/day 

Model 1a* Model 1b† Model 2‡ Model 3§ 

HR 95% CI HR 95% CI HR 95% CI HR 95% CI 

Lean fish for red and processed meat 0.97 0.91-1.04 1.01 0.94-1.09 1.00 0.93-1.08 1.00 0.93-1.08 

Fatty fish for red and processed meat 1.03 0.96-1.11 1.08 1.00-1.16 1.08 1.00-1.16 1.07 1.00-1.16 

CVD mortality (No. of deaths = 635) 

Per 20 g/day 

Model 1a* Model 1b† Model 2‡ Model 3§ 

HR 95% CI HR 95% CI HR 95% CI HR 95% CI 

Lean fish for red and processed meat 0.96 0.83-1.11 1.00 0.87-1.16 0.98 0.85-1.14 1.00 0.86-1.15 

Fatty fish for red and processed meat 1.01 0.87-1.17 1.06 0.91-1.23 1.03 0.89-1.20 1.04 0.90-1.21 

HR, hazard ratio
CI, confidence interval 
CVD, cardiovascular disease  
* Mutually adjusted for lean and fatty fish, chicken, other fish, shellfish, age (underlying timescale), energy intake (continuous kJ/day 

excluding energy from alcohol), stratified by subcohorts (n=5)

† model 1a + adjusted for education (7-9, 10-12, 13-16, ≥ 17 years of schooling), alcohol (non-consumer, 0–5,>5 g/day), smoking (never,

current heavy smoker early starter, current moderate smoker early starter, current smoker late starter, former smoker early starter,

former smoker late starter), physical activity (low, medium, high)

‡ model 1b + adjusted for other foods (fruits and vegetables, whole grain products, refined grains, potatoes, dairy products (grams/day 

continuous))

§ model 2 + adjusted for BMI categories (<20, 20-24.99,25-29.99, >30), type 2 diabetes
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 Supplemental Table 2. Hazard ratios (HR) and cause specific mortality according to specified substitution 
analyses of processed meat with lean or fatty fish for women consuming >30 grams/day and ≤ 30 grams/day of 
processed meat starting follow-up two years after baseline  

ST2a. Specified substitution analyses for processed meat intake > 30 grams/day 

n= 42 076 All-cause 
(No. of deaths = 4 350) 

Cancer 
(No. of deaths = 2 265) 

CVD 
(No. of deaths = 468) 

Per 20 g/day HR 95% CI HR 95% CI HR 95% CI 

Lean fish for processed meat 0.92 0.89-0.96 0.92 0.88-0.97 0.81 0.73-0.89 

Fatty fish for processed meat 0.97 0.93-1.01 0.96 0.90-1.02 0.86 0.76-0.96 

ST2b. Specified substitution analyses for processed meat intake ≤ 30 grams/day 

n= 38 921 All-cause 
(No. of deaths = 4 454) 

Cancer 
(No. of deaths = 2 105) 

CVD 
(No. of deaths = 531) 

Per 20 g/day HR 95% CI HR 95% CI HR 95% CI 

Lean fish for processed meat 1.01 0.93-1.10 1.05 0.93-1.19 0.92 0.72-1.17 

Fatty fish for processed meat 1.06 0.97-1.15 1.09 0.96-1.23 0.98 0.76-1.26 

HR, hazard ratio
CI, confidence interval 
CVD, cardiovascular disease  
Mutually adjusted for red meat, lean and fatty fish, chicken, other fish, shellfish, age (underlying timescale), energy intake (continuous 

kJ/day excluding energy from alcohol), education (7-9, 10-12, 13-16, ≥ 17 years of schooling), alcohol (non-consumer, 0–5,>5 g/day), 

smoking (never, current heavy smoker, current moderate smoker, current smoker late starter, former smoker early starter, former smoker 

late starter), physical activity (low, medium, high), stratified by subcohorts (n=5) 
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Supplemental Table 3. Hazard ratios (HR) and cause specific mortality according to specified substitution 
analyses of red meat with lean or fatty fish for women consuming >20 grams/day and ≤ 20 grams/day of red 
meat starting follow-up two years after baseline  

ST3a. Specified substitution analyses for red meat intake > 20 grams/day 

n= 22 009 All-cause 
(No. of deaths = 2 378) 

Cancer 
(No. of deaths = 1 231) 

CVD 
(No. of deaths = 260) 

Per 20 g/day HR 95% CI HR 95% CI HR 95% CI 

Lean fish for processed meat 0.94 0.86-1.02 1.03 0.91-1.16 0.92 0.71-1.18 

Fatty fish for processed meat 1.00 0.91-1.09 1.06 0.93-1.21 1.03 0.79-1.35 

ST3b.  Specified substitution analyses for red meat intake ≤ 20 grams/day 

n= 55 235 All-cause 
(No. of deaths = 6 017) 

Cancer 
(No. of deaths = 2 936) 

CVD 
(No. of deaths = 691) 

Per 20 g/day HR 95% CI HR 95% CI HR 95% CI 

Lean fish for processed meat 0.98 0.88-1.10 1.00 0.85-1.17 1.11 0.80-1.53 

Fatty fish for processed meat 1.02 0.92-1.14 1.04 0.89-1.21 1.17 0.85-1.62 

HR, hazard ratio
CI, confidence interval 
CVD, cardiovascular disease  
Mutually adjusted for processed meat, lean and fatty fish, chicken, other fish, shellfish, age (underlying timescale), energy intake 

(continuous kJ/day excluding energy from alcohol), education (7-9, 10-12, 13-16, ≥ 17 years of schooling), alcohol (non-consumer, 0–5,>5 

g/day), smoking (never, current heavy smoker, current moderate smoker, current smoker late starter, former smoker early starter, former 

smoker late starter), physical activity (low, medium, high), stratified by subcohorts (n=5) 
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Supplemental Table 4 Hazard ratios (HR) and cause specific mortality according to specified substitution 
analyses of processed meat with lean or fatty fish for women consuming >30 grams/day and ≤ 30 grams/day of 
processed meat using multiple imputation for missing values on confounding covariates  

ST4a. Specified substitution analyses for processed meat intake > 30 grams/day 

n= 49 545 All-cause mortality (No. of deaths = 5 853) 

Per 20 g/day 

Model 1a* Model 1b† Model 2‡ Model 3§ 

HR 95% CI HR 95% CI HR 95% CI HR 95% CI 

Lean fish for processed meat 0.90 0.87-0.93 0.93 0.90-0.96 0.93 0.90-0.96 0.94 0.91-0.97 

Fatty fish for processed meat 0.93 0.87-0.96 0.97 0.93-1.00 0.97 0.93-1.00 0.97 0.94-1.01 

Cancer mortality (No. of deaths = 2 910) 

Per 20 g/day 

Model 1a* Model 1b† Model 2‡ Model 3§ 

HR 95% CI HR 95% CI HR 95% CI HR 95% CI 

Lean fish for processed meat 0.91 0.87-0.96 0.94 0.90-0.98 0.94 0.89-0.98 0.94 0.90-0.98 

Fatty fish for processed meat 0.94 0.89-0.99 0.97 0.92-1.02 0.96 0.92-1.02 0.97 0.92-1.02 

CVD mortality (No. of deaths = 701) 

Per 20 g/day 

Model 1a* Model 1b† Model 2‡ Model 3§ 

HR 95% CI HR 95% CI HR 95% CI HR 95% CI 

Lean fish for processed meat 0.80 0.74-0.87 0.83 0.76-0.90 0.83 0.76-0.90 0.85 0.78-0.92 

Fatty fish for processed meat 0.84 0.77-0.93 0.89 0.81-0.98 0.88 0.80-0.97 0.90 0.82-0.99 

ST4b.  Specified substitution analyses for processed meat intake ≤ 30 grams/day 

n= 47 912 All-cause mortality (No. of deaths = 6 455) 

Per 20 g/day 

Model 1a* Model 1b† Model 2‡ Model 3§ 

HR 95% CI HR 95% CI HR 95% CI HR 95% CI 

Lean fish for processed meat 0.99 0.90-1.04 0.98 0.92-1.06 0.98 0.91-1.05 0.98 0.92-1.05 

Fatty fish for processed meat 1.02 0.95-1.09 1.03 0.96-1.11 1.03 0.96-1.11 1.03 0.96-1.11 

Cancer mortality (No. of deaths = 2 922) 

Per 20 g/day 

Model 1a* Model 1b† Model 2‡ Model 3§ 

HR 95% CI HR 95% CI HR 95% CI HR 95% CI 

Lean fish for processed meat 0.94 0.85-1.05 0.97 0.87-1.07 0.96 0.86-1.07 0.96 0.86-1.06 

Fatty fish for processed meat 0.99 0.89-1.10 1.01 0.91-1.13 1.01 0.91-1.13 1.01 0.91-1.12 

CVD mortality (No. of deaths = 809) 

Per 20 g/day 

Model 1a* Model 1b† Model 2‡ Model 3§ 

HR 95% CI HR 95% CI HR 95% CI HR 95% CI 

Lean fish for processed meat 0.97 0.80-1.18 0.98 0.81-1.20 0.97 0.80-1.19 1.00 0.82-1.21 

Fatty fish for processed meat 0.99 0.81-1.20 1.00 0.82-1.22 0.99 0.81-1.21 1.01 0.83-1.24 

HR, hazard ratio
CI, confidence interval 
CVD, cardiovascular disease  
* Mutually adjusted for lean and fatty fish, chicken, other fish, shellfish, age (underlying timescale), energy intake (continuous kJ/day 

excluding energy from alcohol), stratified by subcohorts (n=5)

† model 1a + adjusted for education (7-9, 10-12, 13-16, ≥ 17 years of schooling), alcohol (non-consumer, 0–5,>5 g/day), smoking (never,

current heavy smoker early starter, current moderate smoker early starter, current smoker late starter, former smoker early starter,

former smoker late starter), physical activity (low, medium, high)

‡ model 1b + adjusted for other foods (fruits and vegetables, whole grain products, refined grains, potatoes, dairy products (grams/day 

continuous))

§ model 2 + adjusted for BMI categories (<20, 20-24.99,25-29.99, >30), type 2 diabetes



Replacing red and processed meat with lean or fatty fish and all-cause and cause specific 
mortality in the Norwegian Women and Cancer Study (NOWAC): a prospective cohort study 

 

Supplemental Figures 
Supplemental Figure 1. Directed acyclic graph (DAG) illustrating the hypothesized causal relationships between 
covariates in the association between the substitution of red and processed meat with lean or fatty fish and 
mortality  

 exposure  outcome  ancestor of outcome  ancestor of exposure and outcome  causal path  biasing path 

BMI= body mass index 

The DAG illustrates the hypothesized causal relationships between covariates in the association between the substitution of red and 

processed meat with lean or fatty fish and mortality. The direction of the arrows illustrates the assumed direction of the causal relationship 

between the covariates and the exposure and outcome. The arrows direction is based on the following assumptions: 

Increasing age, smoking, and high alcohol intake are associated with higher mortality, while higher levels of education and physical activity 

are linked to lower mortality.  

Age-related changes, along with the influence of education, smoking, alcohol consumption and physical activity, impact food intake, food 

choices, and other lifestyle factors. Smoking is associated with higher red and processed meat intake, alcohol consumption, and a person's 

level of physical activity. As these factors affects both the exposure and outcome as illustrated in the DAG, they are identified as 

confounders in the relationship between substitution of red and processed meat with lean or fatty fish and mortality.  

Food and energy intake play a role in BMI, BMI is also a risk factor of type 2 diabetes. Furthermore, processed meat consumption has been 

linked to a higher risk of type 2 diabetes, while the intake of lean fish has been found to reduce the risk of type 2 diabetes. Both BMI and 

type 2 diabetes are associated with mortality and are thus considered mediators in the hypothesized causal pathway between substituting 

red and processed meat with lean or fatty fish meat and mortality. However, it's important to note that BMI is also related to energy needs 

and energy expenditure, which can lead to increased food and energy intake in individuals with higher BMI. Additionally, being diagnosed 

with type 2 diabetes may induce dietary changes. Therefore, both BMI and type 2 diabetes can act as mediators as illustrated in the DAG 

(Substitution of red and processed meat with lean or fatty fish → BMI → type 2 diabetes → mortality) or confounders (Substitution of red 

and processed meat with lean or fatty fish ← BMI / type 2 diabetes → mortality) in the relationship between substitution of red and 

processed meat with lean or fatty fish and mortality. 
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Supplemental Figure 2. Intake of red and processed meat and cause specific mortality by restricted cubic spline regression 

All-cause mortality Cancer mortality CVD mortality 

HR, hazard ratio 
CVD, cardiovascular disease  
Black line hazard ratio, gray area 95% confidence interval, p-value for non-linear trend. 

Red and processed meat intake modelled using restricted cubic splines with three knots at percentiles 10%, 50% and 90% (18, 45, 84 grams/day), 50 grams ref. value. 

Mutually adjusted for lean fish, fatty fish, chicken, other fish, shell fish, age (underlying timescale), energy intake (continuous kJ/day excluding energy from alcohol), education (7-9, 10-12, 13-16, ≥ 17 years of 

schooling), alcohol (non-consumer, 0–5,>5 g/day), smoking (never, current heavy smoker, current moderate smoker, current smoker late starter, former smoker early starter, former smoker late starter), physical 

activity (low, medium, high), stratified by subcohorts (n=5) (model 1b) 

gram intake gram intake 

HR 

gram intake 

HR 
HR 
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Food 

groups 

Grains Fruits and vegetables Fish and seafood, meat Dairy Oils 

and fat 

FBDG, 

Norway 

(2011) 

70-90 g whole 

grains/day 

≥ 500 g/day 400-450 g/week, at least 200 g 

fatty fish 

500 g/week (upper limit) red and 

processed meat  

3 portions 
low fat 

dairy 

products 

 

- 

NNR  

2023 

90 g whole 

grains 

500-800 g/day 400-450 g/week, at least 200 g 

fatty fish 

350 g/week (upper limit) meat 

350-500 

ml/day 
low fat 

dairy 

products 

25 g/day 

plant oils 

Nordic, 

foods 

Rye, 

barley

, oats 

Whol

e 

grain

s  

Berries, 

Apples/ 

Pears 

Root 

vege-

tables 

Cabbages Fish/sea food Meat Low fat 

dairy 

Rape-

seed oil 

HNFI 

(Olsen 

et al. 

2011) 

Whole 

grain 

rye 

bread 

+ 

oatme

al  

 Apples and 

pears 

(would like 

to include 

cloudberrie

s, 

blueberries 

and 

cowberries 

but the 

FFQ did 

not include 

informatio

n about 

these 

berries) 

Raw or 

cooked 

root 

vegetabl

es- 

mainly 

carrots 

Cauliflower, 

Brussels 

sprouts, 

broccoli, kale, 

white 

cabbage, and 

red cabbage 

Fish as hot meal and 

in open sandwiches  

- - - 

HNFI 

(Roswal

l et al. 

2015) 

Oatme

al 

Whol

e-

grain 

bread 

Apples/pea

rs 

Carrot; 

yellow 

turnip 

and 

beetroot 

White/red 

cabbage; 

cauliflower; 

broccoli/Brus

sels sprouts 

Atlantic 

herring/herring/mack

erel; salmon; 

cod/pollock/ 

pike; shellfish 

- - - 

BSDS 

(Kanerv

a et al. 

2013) 

Rye, 

oats, 

barley 

 Bilberries, 

lingonberri

es, apples, 

pears 

Roots, different cabbages 

tomatoes, lettuce, 

cucumbers 

Salmon, Baltic 

herring, mackerel 

Included 

as a 

negative 

compone

nt: beef, 

pork, 

processed 

meat 

products 

and 

sausages 

Low-fat 

milk < 2% 

fat 

Ratio of 

PUFA:S

FA (high 

use of 

rapeseed 

oil and 

low use 

of butter) 

Overview of the foods included in the HNFI, BSDS and NND
in relation to the Norwegian food based dietary guidelines and NNR23



 

 

NND 

(Hillesu

nd et al. 

2014) 

Oatme

al 

porrid

ge 

Whol

e 

grain 

bread

s 

relati

ve to 

refine

d 

bread

s 

Wild 

berries, 

apples, 

pears, 

plums and 

strawberrie

s 

Carrots, rutabaga and 

various types of onions 

Kale, cauliflower, broccoli 

and brussels sprouts  

+ potatoes relative to rice 

and pasta 

Fish, seafood Game Unsweeten

ed milk 

relative to 

fruit juice 
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