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Preface 

This thesis is based on a collection of three scientific papers that are thematically bound by 

their use of a multifactor exposure measure, termed a healthy lifestyle index, to investigate 

cancer risk and survival. UiT The Arctic University of Norway provided funding to the 

Systems Epidemiology research group at the Department of Community Medicine to employ 

a PhD student to perform the research in this project. I am honoured to have been given the 

job.  

Over the past century, humans have taken on epidemics of cancer, cardiovascular disease, and 

other metabolic syndromes at alarming rates and to wide detriment. The evidence suggests 

that this is a product of our changing ecologies as we modify the environment around us, and 

thus our behaviours. In line with this holistic thinking is the concept of the healthy lifestyle 

index. In the past decade, the use of a healthy lifestyle index has become increasingly popular. 

According to NCBI’s PubMed, when searching for healthy lifestyle index in titles and 

abstracts, there were 9 publications before 2014. There were 68 publications from 2014 to 

February 2023. In this thesis, I assess the relationship between such an index and cancer-

related outcomes.  

This seemed a straightforward task at the outset. However, combining factors that science 

seemed to know much about (except for elusive diet) was challenging. The discussions that 

come in this thesis address the epidemiology and findings of the papers; and, importantly, the 

complexities of using multifactor exposure measures which have become so commonplace. I 

appreciate being given this opportunity to expand beyond the brevity of the papers.  
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Abstract 

Background: Cancer is currently the leading cause of death in Norway and the number of 

new cancer cases is projected to continue its rise. With improvements in early detection and 

treatment, the number of survivors is increasing. It has been estimated that 30-50% of cancer 

cases are preventable and a large portion has been attributed to lifestyle behaviours.  

Aim: This thesis aimed to investigate a healthy lifestyle index, as a simple multifactor 

exposure measure representing a gradient of healthy lifestyle behaviours, and its association 

to cancer incidence and survival among women in Norway.   

Methods: This thesis used data from the Norwegian Women and Cancer Study (NOWAC) – 

a national prospective cohort of ~170 000 randomly selected women participants. A healthy 

lifestyle index (HLI) was constructed based on physical activity level, body mass index, 

smoking habits, alcohol intake, and habitual intake of major food groups. Cox proportional 

hazard models and restricted cubic splines were used to estimate associations between the 

HLI score and cancer incidence and survival, and the associations between HLI score change 

and cancer incidence.  

Results: A higher HLI score was associated with lower risks of breast, colorectal, lung, 

endometrial, pancreatic, and kidney cancers. Regardless of baseline HLI score, greater 

positive HLI score changes were associated with lower risk of lifestyle-related cancers 

combined. Further, a higher prediagnostic HLI score was associated with lower all-cause 

mortality and, weakly, with lower breast cancer mortality among women diagnosed with 

breast cancer. Associations were also negative, but weak, for women diagnosed with 

colorectal cancer. No associations were observed for lung cancer mortality. Of all the lifestyle 

factors in the HLI, smoking was particularly strong in driving several associations.  

Conclusion: Using a multifactor lifestyle exposure measure, Papers I-III observed 

associations between the HLI score, or HLI score change, and cancer-related outcomes. A 

healthy lifestyle, where smoking avoidance is a priority, should be promoted and facilitated 

throughout all adult ages to reduce the risk of cancer in the Norwegian general population of 

women. However, more research is required to understand the potential impact of lifestyle 

factors and overall lifestyle on cancer survival.  
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1 Background 

1.1 Preamble on cancer 

Cancer is a large cluster of non-communicable diseases that is characterised by the 

uncontrolled growth, multiplication, and spread of cell masses. Through complex pathways 

that have yet to be completely understood, normal cells become malignant. These disruptions 

inactivate regulative cell cycle mechanisms that balance cell growth and functionality and 

promote abnormal interactions with its environment – integral components of the hallmarks 

of cancer (1). If left uninterrupted or untreated, cancer cells can invade other tissues, 

eventually impairing organ function, and cause death (2). 

The rate and degree to which cancer impairs physiological function is dependent on many 

factors, including the site of the primary tumour, the type of tissue in which it is invading, and 

the environment (2). Cancers are often referred by their primary site of tumour development – 

i.e. breast cancer, colorectal cancer, and lung cancer. In an advanced disease state, cells from 

the primary tumour can acquire the ability to move and grow in different sites, an occurrence 

known as metastasis. Cancer that has spread from the initial tumour site, i.e. breast to the 

lung, is not lung cancer, rather, metastatic breast cancer. At this advanced stage, prognosis is 

far poorer compared to breast cancer that is in-situ (3).   

What causes a normal, healthy cell to become a malignant cell? The vast body of scientific 

literature on cancer and oncology is a testament that the answer(s) to this question is manifold 

and the focus of many research fields where the unit of interest may be small to very large – 

genetic, chemical, microbiological, and physiological, to name a few. This thesis uses an 

epidemiological approach to study the impact of behavioural factors on cancer outcomes at 

the population level. It focuses on whether and the degree to which human behaviour impacts 

the cancer risk and the risk of death after a cancer diagnosis. Its broad vantage point is not 

separate from other fields, but provides a complement to the greater picture of cancer; and can 

contribute to the knowledge of patterns that are observed in populations and hypotheses 

generated by real world data.  

Cancer can occur in any sex and at any age, even congenitally. There are large sex differences 

in the genetics, aetiology, and epidemiology of cancer (4). Further, the aetiology and sites of 

paediatric cancers are distinct from that of adult cancers (5). Importantly, even within these 

categories, there are diverse risk factor profiles across cancer sites, which is an underpinning 
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of this thesis. This thesis focuses on cancers occurring among adult females, which, for the 

sake of traditional classification, will be referred to as women.   

1.2 Cancer burden 

Cancer is currently a leading contributor to the global disease burden. In 2019, it was 

estimated that cancer was globally responsible for the second highest number of deaths, years 

of life lost, and disability-adjusted life years, only after cardiovascular disease (6). According 

to GLOBOCAN estimates, there were 19.3 million people diagnosed with cancer and 10 

million cancer deaths in 2020 (7). Almost one in six deaths worldwide are caused by cancer 

(7). 

Between countries, the ranking of cancer among causes of premature death is directly 

correlated with the ranking of socioeconomic development (7). Current and projected 

distributions of cancer incidence, mortality, and survival are inseparable from human 

development index (HDI) levels, reflecting trends in exposure to risk factors such as lifestyle 

behaviours and environmental contaminants, and differential access to screening and 

treatment (8, 9). There are thus considerable differences in the distribution of cancer sites and 

cancer causes of death across countries (10). Among women, breast cancer is most commonly 

diagnosed, except for in a cluster of low HDI countries, where cervical cancer is most 

commonly diagnosed. These most incident cancers are also largely the leading causes of 

cancer mortality, by country, with some exceptions. Several high HDI countries in North 

America and northern Europe report lung cancer as responsible for the most cancer deaths, 

despite breast cancer being the most incident (7).  

In Norway, a high HDI country, the pattern of cancer incidence and mortality is largely 

consistent with other high HDI countries. Cancer is the leading cause of death, having 

surpassed that of cardiovascular disease in 2017 (11). Lung cancer was responsible for the 

greatest number of cancer deaths among women, followed by colon, breast, and pancreatic 

cancer (12). According to the Cancer Registry of Norway, there were 17 319 new cancer 

cases (12) diagnosed among 2 672 110 total females in 2021 (13). The majority (86%) of 

female cancer cases were diagnosed among women age 50 and over. The most frequent 

cancer sites for Norwegian women in the period 2017-2021 were breast, lung, colon, skin 

(non-melanoma), and melanoma of the skin (12).  
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Globally, the cancer burden is expected to be higher in 2040 compared to 2020, especially in 

low and medium HDI countries (7). However high HDI countries are projected to have the 

greatest absolute increase in new cancer cases on account of the aging population distribution. 

In line with global trends, the annual cancer incidence in Norway has been and continues on 

an upward trend (12).  

The gap in cancer survival rates between countries again reflects differences in 

socioeconomic development. Poor survival is related to late detection of cancer and a lack of 

access to treatment. Norway is among the most fortunate of countries in this regard. Survival 

in Norway has been improving steadily across all cancer sites, which the Cancer Registry of 

Norway has largely attributed to advances in treatments (12). Further, the improved survival 

observed for breast and cervical cancers in Norway has been made partially attributable to the 

mammographic and cervical screening programmes that were initiated in 1995 and 1996, 

respectively (12). This, coupled with increased incidence, has led to an increasing number of 

cancer survivors. By the end of 2021, there were 316 145 cancer survivors in Norway. This 

represents a sharp increase from 217 977 cancer survivors at the end of 2011.  

1.3 Factors related to cancer incidence 

Cancer is a multifactorial disease, with a complex set of relevant host factor and 

environmental exposures that interact, including the timing and duration of those exposures. 

The latent period for cancers – the duration from the time of exposure to a carcinogen (an 

agent capable of causing cancer) to cancer diagnosis (14) – cannot easily be defined due to its 

many sufficient and component causes (15). Further, these risk factor profiles differ widely 

across cancer sites and types, as does our current level of understanding of the components of 

cancer-specific risk factor profiles. Nevertheless, it is estimated that 5-10% of cancer cases 

are heritable, whereby an allele variant is passed down to offspring that promotes the 

inhibition of tumour suppressor genes or activation of an oncogene (2, 16). However, cancer 

causing allele variants are heterogenous across tumour sites and types, as is their probability 

of being expressed. Rather, there is complex interplay between genes and the environment 

that gives rise to tumour development.  

Non-hereditary factors are responsible for the majority of cancers (16). Cancer risk increases 

with age and age-specific cancer risk is higher for men compared to women (7). For women, 

reproductive system characteristics that impact their exposure to sex hormones are an 
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important part of the risk factor profile for many cancers, including the very commonly 

diagnosed breast, endometrial, and ovarian cancers. Socioeconomic development of the 

country (8, 9) and socioeconomic position (SEP) within the national population (17, 18) are 

strong determinants of exposure to environmental and lifestyle factors, which are important 

risk factors for cancer.  

In several landmark publications, lifestyle and environment have been implicated as 

responsible for large proportions of cancer incidence. The Comparative Risk Assessment 

project estimated that 35% of cancers diagnosed globally in 2001 were attributable to 9 

lifestyle and environmental exposures . Parkin et al. (20) estimated that 14 lifestyle and 

environmental factors were responsible for 42.7% of cancer cases in the UK in 2010 (20). 

There is also a large proportion of cancer that is unaccounted for after considering the 

estimated cancers attributable to hereditary and non-hereditary components. This gap 

continues to puzzle researchers in cancer epidemiology and oncology (21).  

Although the amount of cancer attributable to known risk factors depends on the cancer site 

and type in question, several lifestyle factors, including tobacco smoke, overweight and 

obesity, alcohol intake, and fruit and vegetable intake have emerged as dominant. This has 

motivated the wide acceptance of primary prevention through lifestyle modification to reduce 

the cancer burden. The World Cancer Research Fund/American Institute for Cancer Research 

(WCRF/AICR) and the International Agency for Research on Cancer (IARC), a division of 

World Health Organization (WHO), have established recommendations for cancer prevention 

based on their synthesis of single studies and meta-analyses. By and large, other public health 

authorities worldwide synchronise their recommendations to WCRF/AICR and WHO, 

including the Norwegian Institute of Public Health. The following will summarise the current 

evidence and consensus of the impact of lifestyle factors – physical activity, body fatness, 

smoking, alcohol intake, and dietary habits – on cancer risk. 

1.3.1 Physical activity 

Physical activity is defined as movement produced by skeletal muscles that requires energy 

expenditure. However, it is a complex lifestyle factor to capture as there are many 

components of physical activity and a diverse array of instruments that can be used to 

estimate physical activity levels. Duration, intensity, frequency, and domain – whether 

occupational, household, transport, or recreational – are all recognized components of 
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physical activity (22). The literature available on physical activity and cancer is largely 

observational with self-reported physical activity levels.  

According to the studies reviewed in the WCRF/AICR 2018 Continuous Update Project 

(CUP), higher physical activity level is associated with lower risk for several cancers (23). 

They reported convincing evidence for colorectal cancer, probable evidence for 

postmenopausal breast and endometrial cancer, and limited evidence for oesophageal, lung, 

liver, and premenopausal breast cancer. The U.S. Department of Health and Human Services 

(HHS) Physical Activity Guidelines Advisory Committee (PAGAC) additionally reported that 

there is strong evidence that physical activity reduces the risk of cancers of the bladder, 

stomach, kidney, and lung (24). Studies on other cancer sites have been too limited to enable 

concrete interpretations of the evidence.  

1.3.2 Body fatness 

Adult body fat mass in excess, termed overweight and obesity in order of increasing health 

detriment (25), is considered a major risk factor for cancer. Various instruments have been 

used in studies to measure body fatness, with the most widely applied being BMI, defined as 

kg/m2. The WHO defines adult overweight as BMI ≥ 25 and obese as BMI ≥ 30 (25).  

In their 2016 review of the epidemiological (largely observational), experimental animal, and 

mechanistic literature on the potential impact of body fatness on cancer risk, the IARC 

Working Group identified 13 cancer sites as have sufficient strength of evidence in humans 

for the preventive effect of the absence of body fatness (26). This includes: postmenopausal 

breast, colorectum, endometrium, pancreas, kidney, liver, oesophagus, stomach, gallbladder, 

ovary, meningioma, thyroid, and multiple myeloma cancers. The WCRF/AICR 2018 CUP is 

largely in agreement with the conclusions from IARC, reporting that there exists strong 

evidence to support the hypothesis that greater adult body fatness increases the risk of cancer 

in the first 10 sites reported by IARC (23). The WCRF/AICR 2018 CUP additionally reported 

the existence of sufficient evidence for mouth, pharynx, larynx cancer sites. Large cohort 

studies (n > 100 000) and pooled analyses published in 2018 onwards have largely 

corroborated the findings from the WCRF/AICR 2018 CUP and 2016 IARC Working Group 

meta-analyses (27, 28, 29).  
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1.3.3 Smoking 

The act of cigarette smoking, which will be referred to as smoking, has been repeatedly 

associated with higher cancer risk (30, 31). Smoke from tobacco use is considered a 

carcinogenic agent with sufficient evidence in humans – a Group 1 carcinogen – by IARC 

(32), whereby the only safe level of smoking is complete avoidance. According to the IARC 

Monograph, last updated in 2022, the evidence for causality is conclusive for 18 main sites, 

including lung, oral cavity, pharynx, stomach, liver, oesophagus, colorectum, pancreas, 

cervix, ovary, nasal cavity and paranasal sinus, larynx, kidney, bladder, renal pelvis and ureter 

cancers, and leukaemia (33). It has been estimated that 70% of lung cancer deaths and 21% of 

all cancer deaths worldwide would have been prevented if the population avoided smoking 

(19). 

The evidence for breast cancer – the most common cancer among women in Norway – is 

weaker, and defined as “suggestive” by IARC (31). Nevertheless, a moderate and statistically 

significant dose-response association between smoking, measured as a function of duration 

and/or intensity, and higher breast cancer risk has been identified in meta-analyses (34). In 

contrast, smoking has consistently been associated with lower risk of endometrial cancer 

(Terry, 2002). The mechanisms for this association are unclear and could be spurious (Dimou, 

2022).   

1.3.4 Alcohol  

The intake of alcoholic beverages has been strongly and consistently associated with higher 

cancer risk (32, 35). Consequently, alcohol is defined as a group 1 carcinogenic substance by 

IARC and as having sufficient evidence to be classified as a cause of cancer in nine main 

sites, including oral cavity, pharynx, larynx, upper aerodigestive tract, liver, oesophagus, 

colorectum, and breast (33). Sites listed by the WCRF/AICR 2018 CUP for which there is 

strong evidence for increased cancer risk due to alcohol intake is in agreement with IARC 

(23).  

According to the meta-analysis performed by the WCRF/AICR 2018 CUP panel, a 10 g/day 

increment in alcohol consumed was associated with a range of 2% higher risk for stomach 

cancer to 25% higher risk for oesophageal cancer (23). Assuming a causal association 

between alcohol intake and cancer, it was estimated that alcohol intake was responsible for 

4% of the total cancers that occurred globally in 2020 (36) based on the GLOBOCAN 2020 



 

7 

cancer incidence data (7) and risk estimates from the WCRF/AICR 2018 CUP meta-analyses 

(23).  

1.3.5 Diet 

Diet is perhaps the least understood lifestyle factor as it relates to cancer risk. Intake of foods 

is challenging to measure with accuracy or precision. Further, diets consist of innumerable 

components that can be examined anywhere from individual nutrient exposures to holistic 

dietary patterns, which are all part of total energy intake. The preparation of foods presents an 

additional modification to the already complex dietary exposures. In terms of food groups, 

IARC has listed processed meat and red meat intake as carcinogens with sufficient and 

limited evidence, respectively, for causing cancer (32). The WCRF/AICR 2018 CUP is 

somewhat in agreement, listing both processed- and red meat as having strong evidence for 

increasing the risk of colorectal cancer. The WCRF/AICR 2018 CUP has also concluded that 

a diet with higher glycaemic load increases the risk of endometrial cancer, and foods 

contaminated by aflatoxins increases the risk of liver cancer (23). In terms of food groups that 

prevent cancer, the WCRF/AICR 2018 CUP has listed dairy, whole grains, and foods 

containing fibre as having strong evidence for reducing the risk of colorectal cancer; and non-

starchy fruits and vegetables products as having strong evidence for reducing the risk of 

aerodigestive cancers (23).  

Overall diet studied through dietary patterns – the quantity, proportions, and varieties of food 

and drinks consumed, and their frequencies – have also been heavily examined in 

observational studies. Consensus is scarce and there is no singular dietary pattern that can be 

recommended for reducing all cancers (23). The WCRF/AICR 2018 CUP identified limited-

suggestive risk decreases for oral cavity and laryngeal cancer in terms of the American 

Cancer Society (ACS) diet score; head and neck cancer in terms of the Healthy Eating Index-

2005 score and alternate Mediterranean diet score score; and upper aerodigestive tract cancer 

in terms of the WCRF/AICR score (23). However, these reports were based on single 

prospective cohort studies and the European Prospective Investigation into Cancer and 

Nutrition (EPIC) – a multicentre study. A systematic review on the Mediterranean diet score 

reported that increasing adherence was associated with lower breast, colorectal, gastric, liver, 

head and neck, and prostate cancer (37). In another systematic review, the Healthy Eating 

Index, alternative Healthy Eating Index, and Dietary Approaches to Stop Hypertension score 

were associated with lower cancer incidence according to 31 studies (38). Overall, diets that 
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tend to be dominated by whole grains, fruits, vegetables, nuts, and unsaturated fats; and 

contain lower amounts of processed meat, red meat, sugar, saturated and trans fats have been 

association with lower cancer risk in some sites.  

1.3.6 Altering risk by lifestyle modifications 

While there is a wealth of evidence relating lifestyle factors to cancer incidence, there are far 

fewer studies that have been designed specifically to investigate the impact of lifestyle 

modifications on cancer risk. Smoking cessation is universally recommended by health 

authorities, with benefits for both avoiding tobacco-related cancer incidence and death (39, 

40, 41, 42). Weight gain has also been widely recognised as associated with higher 

postmenopausal breast cancer risk in particular (23), but also with higher colon, oesophageal 

(adenocarcinoma), kidney, and endometrial cancer risk (26, 43). However, the risk lowering 

benefits of avoiding weight gain has not been clearly extended to weight loss (44, 45, 46). 

Increasing physical activity levels during adulthood has been associated with lower cancer 

risk in single studies (47, 48); although, the existing evidence is weak. Increasing alcohol 

intake has been associated with higher risk for postmenopausal breast cancer (49), while 

alcohol cessation has been associated with lower risk for aerodigestive cancers, including 

oesophageal cancer (50, 51). There appears to be little to no research conducted on diet-

specific modification and cancer risk in the general population.  

1.4 Factors related to cancer survival 

As the number of cancer cases is expected to continue to rise globally and in Norway, and 

with improvements in early detection and treatment, there will be a growing number of 

individuals who are diagnosed with cancer, undergo treatment, and are in remission. As is the 

case with risk factors for cancer occurrence, there is a complex set of factors that can impact 

cancer survival outcomes, including tumour-, treatment-, and host-related characteristics.  

The anatomical extent of disease, or stage, at the time of diagnosis is the most important 

factor that impacts survival (3). Regardless of the primary tumour site or cell type, survival 

worsens with advancing stage. Survival is also impacted by the degree of abnormality of the 

tumour cells, operationalised as tumour grade, which provides an indication of how fast the 

tumour cells are likely to multiply and grow (2). Further, breast cancer cells can express a 

combination of oestrogen receptors (ER), progesterone receptors (PR), and human epidermal 

growth receptor 2 (HER2). Their classification based on positive or negative expression is 
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known as molecular subtype, which is a determinant of tumour aggressiveness. The type of 

treatment administered to the patient plays a major role in survival (3). The choice of 

treatment is largely dependent upon the tumour characteristics described above, where late 

stage cancers typically require the most invasive treatments. Molecular subtype is particularly 

relevant for breast cancer diagnosis as it predicts the responsiveness to hormone therapy 

treatments (52). Further, quality of care, access to healthcare, and healthcare policy are 

closely tied to the effectiveness of treatment and rehabilitation, and thus survival (3).  

It has been consistently documented that cancer survival varies according host characteristics, 

including, sex and age at diagnosis, depending on the cancer type (12, 53). The presence of 

comorbidities and poor immune status – also functions of age, sex, and SEP – can limit 

treatment options and has been shown to interfere with treatment completion (3, 54). Lower 

SEP has been consistently associated with lower cancer survival across most cancer sites and 

has been hypothesized to be related to inequitable access to healthcare and healthcare 

navigation (55). SEP is also related to lifestyle behaviours and given known gaps in SEP in 

Norway (56) and the increasing number of survivors, lifestyle may be important for survival.  

There is increasing evidence to support the hypothesis that the primary preventive effects of 

following cancer prevention recommendations may also extend to cancer survival. Physical 

activity may be associated with better physical functions after surgery (57). Research findings 

have suggested that several metabolic factors including obesity, insulin resistance, and 

hyperinsulinemia are positively associated with the rate of cancer progression and tumour 

grade (54). Further, obesity (58) and smoking (30) have been linked to worse immune 

function. Given the obesity-reducing effects of higher physical activity levels and dietary 

habits that adhere to cancer recommendations, it could be hypothesized that this metabolic-

related cluster of lifestyle factors – physical activity level, diet, and body fatness – and 

smoking can impact survival by extension. Furthermore, well-established risk factors for 

cancer are also known to be associated with risk for chronic diseases, including type II 

diabetes mellitus and cardiovascular diseases. These factors can ultimately impact overall 

survival rates among individuals who have been diagnosed with cancer (23). Challengingly, 

the relevant time window of exposure for lifestyle factors to take effect on survival could vary 

based on the lifestyle factor and cancer site in question (23). In this next section, current 

epidemiological evidence on the impact of lifestyle factors, measured in the pre- and 

postdiagnostic periods, on survival among adults diagnosed with cancer will be outlined.  
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1.4.1 Prediagnostic lifestyle  

There are a limited number of studies investigating the effect of prediagnostic lifestyle on 

cancer survival, with some consistent findings. Higher prediagnostic BMI was shown to be 

consistently associated with poorer survival among women diagnosed with breast cancer (59) 

and suggested for people diagnosed with colorectal cancer (60). Obesity compared to normal 

weight before lung cancer diagnosis was consistently associated with better survival (61). 

There is also evidence that current compared to never smoking is associated with poorer 

survival among women diagnosed with breast cancer according to a meta-analysis (62); 

colorectal cancer according to several single studies (63, 64, 65, 66); and lung cancer 

according to one study (67). 

It is unclear whether the risk reducing benefits of higher physical activity levels are extended 

to survival after cancer diagnosis as the number of studies targeting this hypothesis has been 

small. Several studies have indicated that higher prediagnostic physical activity levels have a 

protective effect on survival among people diagnosed with cancer in several sites (64, 68, 69, 

70, 71, 72, 73). However, null associations have also been observed (63, 66, 74, 75, 76). 

Studies have also reported inconsistent findings for prediagnostic alcohol intake (63, 66, 71, 

74, 77, 78, 79, 80, 81, 82, 83). Prediagnostic dietary habits have been seldom investigated as 

it relates to cancer survival. Higher vegetable intake was associated with improved survival 

among adults diagnosed with colorectal (66) and lung cancer (67). Findings are not 

convincing for the intake of selenium (84), polyphenols (85), meat and fibre (86), vitamin D 

(66, 87), and calcium and dairy products (87).  

1.4.2 Postdiagnostic lifestyle  

Lifestyle after diagnosis is often altered in response to tertiary prevention, which aims to 

prevent further morbidity, promote a better quality of life, and improve survival. Refraining 

from smoking and smoking cessation postdiagnosis is universally recommended and has been 

shown to be associated with improved survival among cancer patients compared to continued 

smoking (88). The WCRF/AICR 2018 CUP summarised that current evidence is not strong 

enough to establish specific recommendations for cancer survivors, with respect to physical 

activity, body fatness, alcohol intake, and diet (23). Nevertheless, the panel advises that it is 

not likely to be harmful to cancer survivors who have completed treatment to adhere to cancer 

prevention recommendations. The ACS has been more forthwith with recommendations for 

cancer survivors, which fall largely in line with recommendations for cancer prevention (89).  
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1.5 Multifactor lifestyle exposure  

Most studies investigating the effect of lifestyle factors on cancer outcomes have aimed to 

isolate the effect of a single factor by adjusting for all covariate lifestyle factors. A multifactor 

approach to estimating the impact of overall lifestyle on chronic disease, mortality, and cancer 

outcomes has increased in popularity over the past two decades for its hypothesized benefit in 

addressing the synergistic effects of lifestyle risk factors (90) and for providing a simple 

measure to assess population health behaviours (91). Indeed, it is widely accepted that, for 

example, exposure to smoking and alcohol interact to pose a greater risk than simply the two 

risks combined for aerodigestive cancers (31). Several studies have documented that it is 

common for lifestyle behaviours to cluster among individuals, supporting the need to assess 

the impact of lifestyle factors on health outcomes in combination (92, 93, 94). An exposure 

that combines several evidence-based risk factors into a multifactor exposure measure that 

represents a gradient of healthy behaviours and overall healthy lifestyle has been proposed as 

one way of addressing this (90, 95). 

1.5.1 Constructing multifactor lifestyle exposure measures  

There is substantial diversity in the construction of multifactor lifestyle exposure measures in 

the literature. However, all share the characteristic of being represented by a single numeric 

score, often referred to as an index, with maximum and minimum scores representing either 

the most or least healthy combination of factors. The majority of indices are designed a-priori, 

meaning the selection and weighting of components are defined before data exploration. 

These are typically based on current knowledge for primary prevention and aim to capture 

different combinations of physical activity level, body fatness, smoking habits, alcohol intake, 

and diet. Most multifactor lifestyle exposures attribute equal weight to their components. 

There are two main classes of multifactor exposures that have been used in cancer 

epidemiology – 1) scores operationalising adherence to an established set of 

recommendations and 2) generalised lifestyle indices, which are based on evidence for risk 

factors and the distribution of data. Regarding the first instance, the standardised score based 

on WCRF/AICR recommendations is the most prominent in the literature (96). It includes 8 

equally weighted components: i) body fatness (assessed through BMI and waist 

circumference), ii) physical activity level, iii) intake of wholegrains, vegetables, fruits, beans, 

iv) intake of processed foods, v) intake of red meat and processed meat, vi) sugar sweetened 
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drinks, vii) alcohol intake, and viii) breastfeeding for mothers. Notably, the WCRF/AICR 

score does not include a smoking component as the WCRF/AICR does not provide specific 

recommendations for tobacco use.  

The second instance has acquired several names, including protective lifestyle factor index 

and modifiable lifestyle index, with the most common being healthy lifestyle index (HLI). The 

term healthy lifestyle index (HLI) will be used to refer to any index composed of multiple 

lifestyle factors that does not specifically intend to operationalise official recommendations, 

rather a gradient of healthy overall lifestyle. The construction of HLIs differ across 

publications in terms of their components and the number of graded categories for each 

component. For example, there have been several HLI publications within the EPIC study that 

have embraced multiple versions of an HLI, including the WCRF/AICR score, as described in 

Table 1.  
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Table 1. Comparison of multifactor lifestyle score construction across select publications used in the 
EPIC study 

 WCRF/AICR score 
(97) 

McKenzie et al. 
2016 (98) 

Botteri et al. 2022 
(99) 

Buckland et al. 
2015 (100) 

Score 
range 

0-7 (0-8 for 
mothers) 

0-20 0-16 0-4 

Physical 
activity 

Weight: 1 

3 categories: METs 

Weight: 4  

5 categories: METs 

Weight: 4  

5 categories: METs 

N/A 

Body 
fatness 

Weight: 1 

3 categories: BMI 
or waist 
circumference 

Weight: 4 

5 categories: BMI  

Weight: 4  

5 categories: BMI 

Weight: 1 

Dichotomous: BMI 

Smoking N/A Weight: 4 

5 categories: 
status, time since 
smoking cessation, 
smoking intensity 

Weight: 4  

5 categories: 
status, time since 
smoking cessation, 
smoking intensity 

Weight: 1 

Dichotomous: 
status, time since 
smoking cessation 

Alcohol Weight:1 

3 categories 

Weight: 4 

5 categories: g/day 

Weight: 4  

5 categories: g/day 

Weight: 1 

Dichotomous: 
g/day 

Diet  Weight: 4 

3 categories: 
wholegrains, 
vegetables, fruit, 
and beans 

3 categories: fast 
foods 

3 categories: red 
and processed 
meat 

3 categories: 
sugar-sweetened 
drinks 

Weight: 4 

5 categories: Score 
based on 6 dietary 
factors 

N/A Weight: 1 

Dichotomous: 
Relative 
Mediterranean diet 
score 

 

1.5.2 Overall lifestyle and cancer risk 

In a systematic review on prospective cohort studies investigating the association between 

multifactor lifestyle exposures and cancer incidence, overall healthier lifestyle was associated 

with lower total cancer incidence and the incidence of several site-specific cancers, including 
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breast, colorectal, lung, bladder, endometrial, oesophageal, kidney, liver, and gastric cancers 

(101). The systematic review reported that the healthiest compared to least healthy lifestyles 

were associated with 29% lower cancer incidence in 16 studies with a total of 1.9 million 

participants. Greater adherence to the WCRF/AICR score was associated with lower breast 

and colorectal cancer risk in 21 observational studies (102). Overall lifestyle and cancer risk 

has been investigated once among women in Norway (n = 17 145) with a focus on breast 

cancer, observing that a greater number of unfavourable lifestyle factors was associated with 

higher postmenopausal breast cancer incidence among non-users of hormone replacement 

therapy (103). In a sample of 6 315 Norwegian men and women who participated in a pilot 

screening study, Bowel Cancer Screening in Norway (BCSN), overall healthier lifestyle was 

associated with lower risk for advanced colorectal neoplasia (104).  

With respect to the effect of changing overall lifestyle on cancer risk, this topic has only been 

assessed in two publications, to our knowledge. Both studies indicate that adopting a healthier 

lifestyle during adulthood is associated with lower colorectal cancer incidence (105) and 

lower lifestyle-related cancer incidence (105). Neither study included a dietary component in 

their multifactor exposure measures.  

1.5.3 Overall lifestyle and cancer survival 

Fewer studies have investigated the impact of overall lifestyle on cancer survival. Of the 

studies that do exist, there is substantial heterogeneity in the type of multifactor lifestyle 

exposure used with respect to when the exposure measurement took place (pre- or 

postdiagnosis), whether prediagnostic lifestyle was retrospectively assessed, or whether the 

study intended to capture lifetime exposure to risk factors or exposure in a more specific time 

frame. Regardless of the timing of the exposure, all studies that were encountered have 

observed that a healthier lifestyle before or after cancer diagnosis was associated with 

improved survival for those diagnosed with breast (prediagnostic (103); postdiagnostic (106, 

107)), colorectal (prediagnostic (63, 71, 108); postdiagnostic (108)), colon (postdiagnostic 

(109)), ovarian (postdiagnostic (110)), and overall cancer (postdiagnostic (111)). 
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2 Aims of the thesis 

While an appreciative pool of research has explored hypotheses relating single lifestyle 

behaviours to cancer outcomes, fewer studies have investigated lifestyle behaviours in 

combination. This has seldom been undertaken in sample of Norwegians. There is relatively 

little known about the effects of lifestyle modification, studied as a specific hypothesis, on 

cancer risk in general, regardless of country sample. When the project was initiated, there 

were no published population-based studies that focused on the impact of changes in 

combined lifestyle behaviours on cancer outcomes. Further, cancer survival is typically 

explored as function of clinical and healthcare system interactions (i.e. diagnosis, treatment, 

follow-up). However, cancer treatments, while improved, have not been as effective 

compared to other chronic diseases (19). There is evidence from epidemiological and 

biological studies that lifestyle behaviours may modify prognosis, but little research has been 

conducted on this topic.  

In light of these areas where knowledge is lacking, this thesis aimed to investigate a healthy 

lifestyle index, representing a simple multifactor exposure measure for a gradient of healthy 

lifestyle behaviours, and its association to cancer incidence and survival among women in 

Norway.  

Specific aims: 

• Define an HLI combining five lifestyle risk factors, including physical activity level, 

smoking habits, body fatness, alcohol intake, and dietary habits. It should: 

o be a simple measure 

o represent a gradient of overall healthy lifestyle as defined by the inclusion of 

selected evidence-based risk factors  

• Estimate the associations between HLI scores measured during adulthood and the 

incidences of common cancer types (Paper I). 

• Estimate the associations between changes in HLI scores between two timepoints 

during adulthood and the incidences of lifestyle-related cancer types (Paper II). 

• Estimate the associations between prediagnostic HLI score during adulthood and 

survival of breast, colorectal, and lung cancers (Paper III). 
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3 Materials and methods 

3.1 Study sample – the Norwegian Women and Cancer study 

The study samples for Papers I-III comprising this PhD project were obtained from the 

Norwegian Women and Cancer study (NOWAC). The NOWAC study is a national, 

population-based cohort consisting of 172 526 adult women, born in 1927-1957 and between 

the ages of 30 to 70 at recruitment, living in Norway. With the initial aim of investigating the 

association between oral contraceptives and breast cancer risk, NOWAC has since expanded 

its focus to other health outcomes and risk factors. Follow-up data collection, amended 

questionnaires, and the development of the Post-genome Biobank housing blood and tissue 

samples for a sub-cohort has enabled a wide range of investigation into women’s health (112).  

The participants were sampled randomly from the National Population Register of Norway. 

Recruitment took place in several calendar periods mainly represented by three enrolment 

waves: 1991-92, 1995-97, and 2003-07. At enrolment, randomly selected women were mailed 

an invitation with an information letter (Appendix) and a questionnaire (see Paper II, 

Supplementary File 1 and 2 for two example questionnaires). Most enrolment waves have 

been administered between one and three follow-up questionnaires.  

All questionnaires have been either four or eight pages in length. Common to the four- and 

eight-page questionnaires was the inclusion of questions on use of oral contraceptives and 

hormone replacement therapy, reproductive history, age at menarche, age at menopause, 

smoking habits, physical activity, alcohol intake, height, weight, education, breast cancer 

screening, family history of breast cancer, sunbathing habits, and self-reported diseases. 

Eight-page questionnaires included an additional four page section consisting of a detailed 

food frequency questionnaire (FFQ) to measure dietary habits.  

3.2 Designs and study samples 

Papers I-III employed prospective cohort designs and drew individual study samples from 

NOWAC depending on the research question. Figure 1 describes the sample selection from 

NOWAC for Papers I-III. Further exclusions are described in more detail in text.  
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Figure 1 Sampling for Papers I-III from the Norwegian Women and Cancer Study (NOWAC) 

 

Paper I study sample 

Paper I considered all NOWAC participants who had responded to at least one questionnaire 

including an FFQ section for inclusion in the study sample (n = 101 316). Respondents’ 

earliest questionnaire including an FFQ section served as baseline. As such, baseline 

information was collected from the first mailing of women enrolled in 1996-97 (mean age: 

55.6) and 2003-04 (mean age: 53.0) and the second mailing of women enrolled in 1991-92, 

which was administered in 1998-99 (mean age: 47.7). The year at baseline therefore ranged 

from 1996 to 2004. There were 96 869 women remaining the analytical sample after 

conducting the following further exclusions: women with prevalent cancer, recorded as dead 

or emigrated before or in the same month as baseline, and women with extreme energy 

intakes (<2 100 or >15 000 KJ/day).  

Paper II study sample 

Paper II investigated HLI score change as the exposure, thus requiring information from two 

timepoints. NOWAC participants who answered at least two eight-page questionnaires were 

included in the sample for Paper II. Therefore, the sample for Paper II is a subset of the 

sample for Paper I, where the earliest eight-page questionnaire was used to obtain baseline 
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information and the subsequent eight-page questionnaire was used to obtain follow-up 

information.  

A total of 71 256 women were eligible for inclusion. We excluded 5 018 prevalent cancer 

cases and women who were registered as deceased (n = 3) or emigrated (n = 2) before or at 

the date of the second eight-page questionnaire. The analytical sample consisted of 66 233 

women. Figure 2 displays the timing of baseline, Questionnaire 1 (Q1) and follow-up, 

Questionnaire 2 (Q2) for the analytical sample and mean ages for each group.  

 

Figure 2. Timing of data collections and start of follow-up for the analytical sample. 

Norwegian Women and Cancer Study (n = 66 233). 

Paper III study sample 

The sample for Paper III included NOWAC participants who had responded to at least one 

eight-page questionnaire (n = 101 316) before a diagnosis of breast [C50], colorectal [C18-

C20], or lung cancer [C34] up until the last update from the Cancer Registry of Norway in 

December 2020 (n = 9 287). Women registered as deceased (n = 153) or emigrated (n = 1) 

prior or within the same month as cancer diagnosis were excluded. Women reported as 

deceased, but with a missing value for month of death were excluded (n = 38). The analytical 

sample therefore consisted of 5032, 2468, and 1594 women diagnosed with breast, colorectal, 

and lung cancers, respectively.  

3.3 Exposure assessment 

The HLI score represented the exposure measure in Papers I-III. The intention of the HLI 

score was to capture a multifactorial exposure measure of a gradient of overall healthy 
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lifestyle as defined by the inclusion of selected evidence-based risk factors. In Papers I and 

III, a single HLI score assessed at a defined baseline provided the exposure. The closest 

questionnaire prior to diagnosis was used to obtain baseline information in Paper III. In Paper 

II, HLI score change provided the exposure measure and was defined as the difference 

between the HLI score at baseline and follow-up.   

3.3.1 Constructing the Healthy lifestyle index (HLI) in NOWAC 

The HLI was constructed by combining five lifestyle factor components – physical activity 

level, BMI, smoking, alcohol intake, and dietary habits. Given the availability of information 

on each eight-page NOWAC questionnaire, this HLI enabled participants to be assigned a 

score at baseline timepoints for Papers I, II, and III, and at the follow-up timepoint for Paper 

II. Figure 3 displays a summary matrix for the HLI score.  

 

Figure 3. Healthy lifestyle index scoring matrix.  

Abbreviations: Q, quintile; cig, cigarettes; g, grams. 
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The HLI score ranged from zero to 20 points, where 20 points was considered the healthiest. 

The five lifestyle factors were equally weighted, and thus allocated between zero and 4 points 

each. Scoring cut-offs were based on a combination of scientific evidence of cancer risk 

factors and population distributions (percentiles) where natural and absolute cut-offs were not 

feasible. For each lifestyle factor, the data collection tool and transformation into component 

scores for the HLI are described in detail below.  

Physical activity 

Physical activity  was measured using the Norwegian physical activity questionnaire 

(NOPAQ). In NOPAQ, participants ranked their current physical activity level on a scale 

from 1 to 10, where 1 was specified to mean “very low” and 10, “very high” physical activity 

level. Participants were asked to consider their self-assessed physical activity level as a 

measure of all physical activity, including domestic work, occupation, exercise, and other 

activities, such as going for a walk. The validity of NOPAQ has been previously assessed, 

observing that the tool provides a valid ranking of global physical activity among Norwegian 

adult women (113). To transform the NOPAQ scale to a five-level component of the HLI, 

five ordinal categories were created by computing quintiles, which were scored 0 to 4 from 

least active to most active.  

Smoking  

Questionnaires across waves and mailings differed in the number and types of questions on 

smoking habits. All participants were asked if they had ever smoked and if they smoked 

currently every day. Obtaining information on smoking intensity differed most drastically, 

employing a matrix query of the average number of cigarettes smoked daily either within 

four-year age ranges or three-year calendar periods (Figure 4).  
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Figure 4. Excerpts from NOWAC questionnaire on smoking intensity. 

Left: first mailing for participants enrolled in 2003 (n = 13 950). Translated from Norwegian: “If yes 

[smoked more than 100 cigarettes in lifetime], we ask that you fill in how many cigarettes, on average, 

you smoked per day for each age group”. Right: second mailing in 1998 for participants enrolled in 

1991 (n = 38 184). Translated from Norwegian: “Have you ever smoked? [yes/no] If yes, we ask that 

you fill in how many cigarettes, on average, you smoked per day in the period 1991-1998”. 

For current smokers, current smoking intensity was defined by matching participants’ age at 

the time of responding to the questionnaire to the corresponding age group in the matrix or by 

the most recent four-year calendar period. Ever smokers who reported not being current 

smokers were considered former smokers. Former smokers provided the age at which they 

quit smoking.  

The HLI smoking component score was based on smoking status, time since smoking 

cessation if a former smoker, and smoking intensity if a current smoker. Never smokers 

received the highest score, 4. Participants who reported being former smokers were divided 

into those who quit smoking ≥ 10 years ago – receiving a score of 3 – and those who quit 

smoking < 10 years ago – receiving a score of 2. Participants who reported being current 

smokers were divided into those smoking < 15 cigarettes/day – receiving a score of 1 – and 

those smoking ≥ 15 cigarettes/day – receiving a score of 0.  

Body mass index 

BMI was calculated as 
𝑘𝑖𝑙𝑜𝑔𝑟𝑎𝑚𝑠

𝑚𝑒𝑡𝑒𝑟𝑠2  , using self-reported body weight (kg) and body height (cm). 

Lower BMI corresponded to higher HLI BMI component scores. Under- to normal weight 
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received the highest scores (BMI <23 = 4, 23 to <25 = 3), while overweight (25 to <27 = 2, 

27 to <30 = 1) and obesity (≥30 = 0) received the lowest scores. 

Diet and alcohol 

The FFQ invited NOWAC participants to recall average eating habits over the past year and 

to record how often they consumed listed food items and alcoholic drinks within defined 

response categories. Since the FFQ was created for NOWAC, it contained food items 

commonly found in Norwegian stores and traditional Norwegian foods. Food items ranged 

from raw/unprocessed (ie. carrots, cabbage) to prepared/processed foods (ie. sausages, 

chocolate pudding). As an example, an excerpt from the FFQ as shown in Figure 5, 

participants were asked “How often do you eat potatoes (boiled, baked, mashed)?” to which 

response categories were “don’t eat/rarely eat potatoes”, “1-4 times per week”, “5-6 times per 

week”, “once per day”, “twice per day”, “3 times per day”, or “4+ times per day”   

 

Figure 5. Excerpt from the Norwegian Women and Cancer Study food frequency questionnaire. 

First mailing for women enrolled in 2003 (n = 13 950). 

Participants could report on the number of alcoholic drinks consumed per week from options 

including beer, wine, and spirits. In FFQs mailed in 2003 and after, an extra drink category – 

liqueur/fortified wine – was included.  

Daily intake of food groups and ethanol, in grams, and energy, in kilojoules were calculated 

using an analysis programme developed at the Department of Community Medicine, UiT The 

Arctic University of Norway. The Norwegian food composition table provided reference 

conversions for frequencies and portions (114). Alcohol intake was scored according to 

absolute daily grams of ethanol cut-offs: no alcohol intake = 4, >0 to <5 g/day = 3, 5 to <10 

g/day = 2, 10 to <20 g/day = 1, >20 g/day = 0). 
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Dietary habits were assessed by a diet-specific score that ranged from 0 to 18, with 18 

considered the healthiest dietary pattern. It included six, equally-weighted food groups. 

Whole grains, fruits, vegetables, and dairy contributed positively to the score with higher 

intake. Red meat and processed meat contributed positively with lower intake. Daily grams 

for each food group was standardised by energy intake, where daily grams of intake was 

divided by daily energy intake. The energy-standardised food groups were each categorised 

into quartiles and scored from 0 (lowest quartile) to 3 (highest quartile). Scores from each 

food group were summed and then transformed for inclusion in the HLI by categorising the 0-

18 diet-specific score into quintiles scored from 0 (lowest quintile) to 4 (highest quintile).  

3.3.2 HLI score change 

HLI score change was measured as the difference between the HLI score at Q1 and Q2, 

computed as: 

 𝑄2 𝐻𝐿𝐼 𝑠𝑐𝑜𝑟𝑒 − 𝑄1 𝐻𝐿𝐼 𝑠𝑐𝑜𝑟𝑒  

Negative values therefore represented overall lifestyle worsening, while positive values 

represented overall lifestyle improvement. Both HLI score change as a continuous measure 

and in categories (≤-3, -2, -1, 0, 1, 2, ≥3) were examined. Where the HLI established score 

cut-offs were based on percentiles, the distributions from Q1 were used to determine absolute 

cut-offs when scoring participants at Q2.  

3.4 Outcomes 

The linkage of NOWAC participants to the Norwegian national registries through the 

Norwegian personal number supplied all endpoint information used for Papers I-III. The 

National Population Register provided information on date of death and emigration. Cause 

and month/year of death was provided by the Cause of Death Register. The cancer diagnosis 

according to the International Classification of Diseases, 10th Revision (ICD-10) codes and 

date of cancer diagnosis were provided by the Cancer Registry of Norway. 

Paper I 

Incidence was the event of interest in Paper I. Primary sites of cancer invasion with over 300 

cases in the sample were investigated as outcomes. As such, breast cancer [C50], colorectal 

cancer [C18-20], lung cancer [C34], endometrial cancer [C54], ovarian cancer [C56], 
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pancreatic cancer [C25], and kidney cancer [C64] were included. Breast, endometrial, and 

ovarian cancers were restricted to postmenopausal women due to 1) known etiological and 

risk factor profile differences between pre- and postmenopausal statuses and 2) inadequate 

numbers of premenopausal cancer cases to investigate separately. 

Paper II 

Paper II engaged in a broader focus of cancer incidence, investigating all lifestyle-related 

cancers as identified by the IARC Monographs and IARC Handbooks Working Group (115). 

Four lifestyle-related cancer subgroups were specified, also by IARC, including alcohol-

related, tobacco-related, obesity-related, and reproductive-related cancers. Table 2 presents 

the ICD-10 codes included in each exposure-related cancer subgroup. Site-specific analysis 

was also conducted for breast and colorectal cancer incidence due to their high incidence in 

the Norwegian population and in NOWAC.  
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Table 2. Exposure-related cancer subgroups defined by IARC.  

Shaded regions denote cancer diagnosis belonging to the exposure-related cancer subgroup. 

ICD-10 code Site 

Exposure-related cancer subgroups 

Lifestyle Alcohol Tobacco Obesity Reproductive 

C01 

Upper aerodigestive 

          

C02         

C03         

C04         

C05         

C06         

C07         

C09         

C10           

C11 

Pharynx 

          

C12         

C13         

C14           

C15 Esophagus           

C16 Stomach           

C18 

Colorectum 

          

C19          

C20           

C22 

Liver 

          

C23          

C24           

C25 Pancreas           

C31 Accessory sinus           

C32 Larynx           

C33 Trachea           

C34 Lung           

C50 Breast           

C51 Vulva           

C52 Vagina           

C53 Cervix           

C54 
Uterine 

          

C55           

C56 Ovarian           

C57 Other female genital 
organs 

          

C58           

C64 

Kidney 

          

C65         

C66           

C73 Thyroid           

C67 Bladder           

C90 Multiple myeloma           

C92 
Acute myeloid 
leukaemia           
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Paper III 

Paper III investigated survival among women diagnosed with breast, colorectal, and lung 

cancer separately, in terms of all-cause and site-specific cancer mortality.  

3.5 Covariates 

Other available variables that were important for describing the study sample, were potential 

confounders or effect modifiers, or of specific interest for subgroup analysis were considered 

covariates of interest. All sociodemographic, reproductive-related, and hormone-related 

variables were self-reported in the questionnaires. Clinicopathological covariates were 

obtained from linkage to the Cancer Registry of Norway. 

Sociodemographic and family health covariates 

Year of birth and dates for baseline questionnaire and follow-up questionnaire; as well as 

month of cancer diagnosis, death, and emigration were used to calculate age at baseline 

questionnaire, cancer diagnosis, death, and emigration; and, in addition for Paper II, age at 

follow-up questionnaire. Education was considered a proxy for SEP and was assessed as the 

number of years of schooling. Family history of breast cancer in a first degree relative was 

relevant for all analyses focused on women diagnosed with breast cancer. This included 

analysis where the event of interest was breast cancer in Papers I and II; and in the analysis of 

survival among women diagnosed with breast cancer in Paper III.  

Reproductive- and hormone-related covariates 

Several reproductive and hormone-related covariates were relevant for models related to 

breast cancer incidence in Paper I and II, ovarian and endometrial cancer incidence in Paper I, 

reproductive-related cancer subgroup incidence in Paper II, and mortality among women 

diagnosed with breast cancer in Paper III. This included age at menarche, oral contraceptive 

use, hormone replacement therapy use, parity, cumulative breastfeeding time, and age at 

menopause. Women were considered postmenopausal if they reported their age at menopause 

or when they were ≥ 53 years old, as defined in the Million Women Study (116).  

Clinicopathological characteristics of the cancer tumour 
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Clinicopathological characteristics of cancer tumours were important for the analysis of 

mortality among women diagnosed breast, colorectal, and lung cancer in Paper III. Breast 

cancer cases were classified according to the TNM Classification of Malignant Tumours (I, II, 

III, IV, unknown) (117), while colorectal and lung cancer cases were classified according to 

the Surveillance, Epidemiology and End Results (SEER) programme summary staging (local, 

regional, distant, unknown) (118). Molecular subtype and hormone receptor status 

information for BC tumours included oestrogen receptor status (ER) (positive if ≥ 10% 

reactivity until January 2012, thereafter positive if ≥ 1 % due to treatment protocol changes in 

Norway), progesterone receptor status (PR) (positive if >= 10%), and human epidermal 

growth factor receptor 2 (HER2) (positive if >10% tumour cells stained by 

immunochemistry).  

3.6 Statistical analysis 

Time-to-event analysis was the statistical focus in Papers I-III. To best understand the nature 

of the associations between the HLI score/change and events of interest, the HLI score was 

modelled in several ways, including as a continuous variable, categorical variable, and with 

restricted cubic splines (RCS). Statistical hypotheses were tested two-sided, allowing a Type I 

error rate of 5%. All analyses were conducted in R Studio and R Versions between 2019 and 

2023 – the latest being RStudio Version 2023.03.0 with R Version 4.2.3 (119).  

3.6.1 Cox proportional hazard regression models 

We used Cox proportional hazard regression (Cox regression) to model the time-to-event of 

interest and estimate hazard ratios (HR) with 95% confidence intervals (CI). In Papers I and 

II, age (years) was used as the underlying time metric. In Paper III, time under study was 

instead used as the time metric and age was introduced in the model as a covariate. Follow-up 

started at the time of the baseline questionnaire in Paper I, at the second questionnaire in 

Paper II, and at cancer diagnosis in paper III. Participants were considered at-risk until the 

event of interest occurred (Paper I and II: cancer incidence; Paper III: death) or they were 

censored due to emigration (Papers I-III), death (Papers I and II), or end of the study period 

(Paper I and II: December 2018; Paper III: December 2020), whichever occurred first. Figure 

6 provides a summary of the relevant timepoints in the study design for the Cox regression 

models in Papers I-III.  
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Figure 6. Relevant timepoints in the study designs for Papers I-III. 

 

The proportional hazards assumption was tested by visual inspection of Kaplan-Meier 

survival plots and by assessing the correlation between Schoenfeld residuals and survival 

time. Evidence of correlation (p < 0.05) indicated the presence of time-dependent covariates, 

which were handled by including the covariate(s) in question as stratified terms in the Cox 

model (120).  

3.6.1.1 Examining nonlinearity 

The resulting estimate for continuous exposure terms in Cox regression – HLI score in Papers 

I and II, and HLI score change in Paper II – assumes linear risk differences across the 

exposure scale. To examine potential departures from linearity, the HLI score in Paper I and 

the HLI score change in Paper II was modelled using restricted cubic splines (RCS). RCS is 

described in greater detail in Section 5.1.7.2. We selected the number of knots by minimising 

the AIC from three-, four-, or five-knot exposure terms on a per-outcome basis and checked 

for overfitting. The placement of knots was determined by percentile, as recommended by F. 

E. Harrell (121). We used Harrell’s package in R, rms (122), to model continuous predictors 

as RCS terms with Cox regression. 

Nonlinearity in the associations was assessed in two ways. Firstly, we relied heavily on visual 

inspection of the resulting plots of the exposure modelled with RCS against the HR and 95% 

CIs. Secondly, we conducted a hypothesis test using the likelihood ratio test to compare the 
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goodness of fit between the model where the HLI score was modelled as a log-linear term 

(nested) and where the HLI score was modelled as a RCS term (full).  

3.6.1.2 Competing risks 

In Paper III, standard Cox models for site-specific mortality were forced to censor participants 

for other death events that may have presented competing risks, in that they disqualified the 

occurrence or changed the probability of the event of interest (123). So as to not assume the 

independence of competing events, we estimated subdistribution hazard ratios (SHR) and 

95% CIs with the subdistribution hazards regression model proposed by Fine and Gray (124) 

for site-specific cancer models. We used the R package, cmprsk, developed by Gray (125) to 

perform the analysis.  

3.6.1.3 Multivariable adjustment of confounding 

Fully-adjusted models provided the main estimates of association in Papers I-III. Adjustment 

factors were chosen on a per-outcome basis, a priori. They were included in the multivariable 

models if they were considered to be associated with the exposure and a cause of the outcome 

based on previous literature. The quality of the instrument in measuring the potential 

confounder was also considered.  

In Papers I-III, education (Papers I and II: continuous years; Paper III: ≤9, 10-12, 13-16, ≥17 

years) and height (cm) were controlled for in every model. For models where the outcome 

was breast, endometrial, ovarian, or reproductive-related cancer incidence (Papers I and II), or 

the sample was women diagnosed with breast cancer (Paper III), the following variables were 

included in the multivariable analysis: age at menarche (continuous years), menopausal status 

at entry (pre-, postmenopausal), breastfeeding (continuous) cumulative months, parity (0, 1, 

≥2), hormone replacement therapy use (never, former, current), and oral contraceptive use 

(never, ever). Specifically, breast cancer incidence outcome models and breast cancer case 

samples were additionally adjusted for family history of breast cancer in a first degree relative 

(yes/no). In Paper III, baseline period (1996-98, 2002-05, 2011-14) was modelled as a 

stratification variable in the Cox models such that separate hazard functions were estimated 

for each strata and HRs optimized for each strata were then fitted.  
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3.6.2 Sensitivity analysis 

Sensitivity analyses of various forms were conducted in Papers I-III to test the robusticity of 

the main associations by identifying possible mechanisms of bias and to provide depth to the 

main associations. Since sensitivity analyses are inherently data-driven, a greater than ± 5% 

difference between main and comparison estimates was used as a rule-of-thumb for defining a 

meaningful difference, where: 

 % difference = 
𝐻𝑅𝑚𝑎𝑖𝑛−𝐻𝑅𝑐𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛

𝐻𝑅𝑚𝑎𝑖𝑛
× 100  

To identify if single lifestyle factors were largely driving the associations, we excluded each 

lifestyle factor, in turn, from the HLI to produce reduced-HLI scores consisting of four 

factors. In such reduced-HLI models, the excluded factor was introduced into the 

multivariable model as a covariate for adjustment. We then estimated the associations 

between each reduced-HLI score and the outcomes throughout Papers I-III. Since the full-HLI 

ranged from 0 to 20 and the reduced-HLI ranged from 0-16, the magnitude of HRs 

representing the risk difference for a 1-point increase were not comparable. In Paper II we 

addressed this by standardising the reduced-HLI scores to per 1-SD unit as the units from the 

main analyses were also 1-SD. In Paper III, we multiplied the reduced-HLI scores by a factor 

of 1.25 to standardise the units to the 1-point increase equivalent on the full-HLI.  

Interaction terms were selected a-priori on the grounds of plausible hypothesis and previous 

findings. The presence of interaction was tested by comparing the fit of models with and 

without the interaction term using the likelihood ratio test. P-values < 0.05 indicated the 

model with the interaction term explained the variation in the data better than the model 

without and the term was kept in the final models. In Paper II, we tested interaction terms for 

age at Q1 and age at Q2 with HLI score change. We tested if a correlation was present 

between HLI score change and years between Q1 and Q2 using Pearson’s correlation 

coefficient. In Paper III, we tested for interaction by the time between baseline questionnaire 

and cancer diagnosis (prediagnostic interval) since this ranged considerably and had a normal 

distribution.  

To avoid bias in the estimates due to reverse causation, the first years two years of follow-up 

time were excluded in Papers I-III. In Paper III, we excluded women who were diagnosed 

with cancer less than two years after the questionnaire and women who were deceased less 

than five years after the baseline questionnaire.  



 

32 

As a crude validation of the exposure-related cancer groupings used as outcome measures in 

Paper II, we estimated associations for the incidence of all non-lifestyle-related cancers (i.e. 

all remaining cancers not considered lifestyle-related).  

3.6.3 HLI score compared to single factors 

As an extension to the analysis conducted in Papers I-III, the following was conducted for the 

purpose of contributing to the discussion on the use of the HLI in the thesis. To compare the 

HLI score with single lifestyle factors in terms of goodness-of-fit and parsimony (126), AIC 

values were compared between the two models. The AIC values were computed for cancer 

incidence models in all sites examined in Paper I using two sets of explanatory variables: i) 

baseline HLI score and ii) five single factors (physical activity level, BMI, smoking score (0-

4), daily alcohol intake (g/day), and diet score (0-18)) simultaneously included in each model. 

3.6.4 Handling of missing data 

The fraction of missing information (FMI) for the HLI score was considerable for the samples 

in Papers II and III at 34% and 28%, respectively, and also not negligible in Paper I at 16%. 

The approach to missing data in Papers I-III was two-fold – analysis by complete-case data 

conducted under the missing completely at random (MCAR) assumption and multiple 

imputation by chained equations (MICE) data conducted under the missing at random 

assumption (MAR) (127). Complete-case analysis was performed by listwise deletion and 

was handled automatically by R.  

MICE was conducted using the R package, mice (128). Fully conditional specification was 

employed, whereby each incomplete variable was modelled iteratively by a series of 

multivariable regression models. In Papers I and II, one MICE model was executed with 

cancer incidence specified as the outcome. In Paper III, six MICE models were executed such 

that analytical MICE datasets were generated separately for women diagnosed with breast, 

colorectal, and lung cancer by all-cause and site-specific mortality. Paper I generated 20 

datasets with 10 iterations. Papers II and III generated 100 datasets with 10 iterations. 

Exposure variables, all covariates, binary outcome variable, and the Nelson Aalen cumulative 

hazard estimator for the event of interest were included in the MICE models.  

Visual inspection of plots displaying mean HLI score in Papers I and III, and mean HLI score 

change in Paper II against iteration number for each imputed dataset was performed to assess 
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whether MICE models converged. Descriptive statistics for each variable that had missing 

values was compared between observed and imputed values to assess any large differences in 

central tendency. Regarding the estimation of associations using MICE datasets, parameter 

estimates and standard errors from each imputed dataset were averaged according to D. B. 

Rubin’s rule to account for within and between imputation variance (129).  

3.7 Ethical considerations and data management 

All waves of NOWAC enrolment took place between 1991 and 2007, during which lawful 

consent was given by participants for the collection and storage of their information, as well 

as linkage to the Cancer Registry of Norway, Mammography Registry of Norway, and the 

Norwegian Cause of Death Registry. NOWAC received approval from the Regional 

Committee for Medical Research Ethics in Northern Norway (REK Nord) in 2008 (REK 

Nord 141/2008.) as ethical laws in Norway changed at the time. Papers I and II are based on 

the ethical approval obtained up to 2008. The study on which Paper III is based received 

separate approval from REK (REK Nord 487111) due to further evolved ethical laws. 

NOWAC participants have the right to view their own registered information as well as to 

correct any mistakes. The can also withdraw their consent at any time (130). 

At study initiation, data handling was considered ethical under the Norwegian Data Protection 

Authority. Data obtained from NOWAC for Papers I-III were transferred from the central 

databases of the NOWAC management through a secure file sender. No information that 

could be used to personally identify participants or pseudo-anonymous information was 

provided. The data were considered “yellow” by the UiT The Arctic University of Norway’s 

Guidelines for classification of information (131). As such, data was not shared publicly and 

was only handled by the first author of Papers I-III.  
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4 Results  

4.1 Paper I – HLI and incidence 

The aim of Paper I was to examine the associations between combined lifestyle factors, 

assessed through the HLI score, and the incidence of common cancer types among women in 

Norway. Paper I included 96 869 women in the analysis. There were 81 554 women with 

complete data available for descriptive presentation and complete-case analysis.  

The mean age at baseline was 52 years across all HLI groups. The reported mean years of 

education was lowest in the 0-5 HLI group (11.6) and increased slightly with higher HLI 

groups (6-10 HLI: 11.9; 11-15 HLI: 12.3; 16-20 HLI: 12.9). By design, women in higher HLI 

groups reported, on average, higher physical activity level, lower BMI, less frequent current 

and former smoking behaviour, least alcohol intake, and with the lowest diet score.  

The median follow-up time was 20 years and 15.2 postmenopausal years during which 3 397 

postmenopausal breast, 1 213 colorectal, 1 006 lung, 807 postmenopausal endometrial, 425 

postmenopausal ovarian, 284 pancreatic, and 268 kidney cancer cases occurred. We observed 

negative dose-response associations between 1-point HLI score increments and the incidence 

of postmenopausal breast (HR: 0.97, 95% CI: 0.96-0.98), colorectal (HR: 0.98, 95% CI: 0.96-

1.00), lung (HR: 0.86, 95% CI: 0.84-0.87), postmenopausal endometrial (HR: 0.93, 95% CI: 

0.91-0.95), pancreatic (HR: 0.92, 95% CI: 0.89-0.95), and kidney (0.94, 95% CI: 0.91-0.97) 

cancer incidence. No association was observed for postmenopausal ovarian cancer (HR: 0.99, 

95% CI: 0.6-1.02).  

We observed indications of a nonlinear association for postmenopausal breast cancer 

incidence, whereby HRs for women with higher baseline HLI scores were stronger than the 

linear model estimated. Nonlinearity was also present for lung cancer incidence, whereby the 

negative association was less pronounced among women with HLI scores greater than 15 

compared to women with lower HLI scores. The associations for colorectal, postmenopausal 

endometrial, pancreatic, and kidney cancer did not demonstrate departures from linearity.  

4.2 Paper II – HLI change and incidence 

Paper II aimed to estimate the association of changes in combined lifestyle, as assessed by 

HLI score change between two timepoints, with lifestyle-related cancer incidence, including 
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separate examination of several exposure-related cancer subgroupings, breast cancer and 

colorectal cancer incidence. There were 66 233 women included in the analyses after handling 

of missing values by MICE and 44 404 women available for complete-cases analysis. At Q2, 

representing the start of follow-up, the mean age was 58.2 years old. The mean HLI score 

change was -0.2 (range: -11 – 14). When assessing the distribution of HLI score change in 

categories (≤ -3, -2, -1, 0, +1, +2, ≥ +3), the majority of women presented zero HLI score 

change (17.2%). The mean time between Q1 and Q2 was 7 years (range: 2 – 11).  

After a median follow-up time of 14.2 years, there were 6 384 incident lifestyle-related cancer 

cases, within which there were 3 512 alcohol-related, 2 931 tobacco-related, 3 385 

reproductive-related, 2 384 breast, and 839 colorectal cancer cases. A 1-SD increment in HLI 

score change was associated with lower incidence in all cancer groupings, specifically 7% 

lower incidence for lifestyle-related (HR: 0.93, 95% CI: 0.90-0.96), 4% lower incidence for 

alcohol-related (HR: 0.96, 95% CI: 0.91-0.99), 8% lower for tobacco-related (HR: 0.92, 95% 

CI: 0.88-0.96), 6% lower for obesity-related (HR: 0.94, 95% CI: 0.91-0.98), and 10% lower 

for reproductive-related (HR: 0.90, 95% CI: 0.84-0.98) cancers. We observed 4% lower 

breast cancer incidence for a 1-SD increment in HLI score change (HR: 0.96, 95% CI: 091-

1.01), although our data was also compatible with no association. HLI score change was not 

associated with colorectal cancer incidence (HR: 0.98, 95% CI: 0.90-1.07).  

We observed from categorical analysis of the associations that negative HLI score changes of 

3 or more were associated with higher incidence of lifestyle-related cancer compared to no 

HLI score change (HR≤-3 v. 0: 1.16, 95% CI: 1.05-1.27). Greater positive HLI score changes 

compared to no HLI score change demonstrated an increasingly protective trend. However, 

we observed that the data was compatible with no association for the greatest positive HLI 

score change category of 3-points or more compared to no HLI score change (HR≥+3 v. 0: 0.93, 

95% CI: 0.84-1.03). There were no indications of nonlinearity in the associations.  

4.3 Paper III – Prediagnostic HLI and survival 

The aim of Paper III was to estimate the associations between combined prediagnostic 

lifestyle factors and survival among women diagnosed with breast, colorectal, and lung 

cancer. Women diagnosed with lung cancer had a lower median HLI score (11) compared to 

women diagnosed with breast (13) and colorectal (13) cancers. The mean ages at the time 

prediagnostic lifestyle assessment for women diagnosed with breast, colorectal, and lung 
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cancers were 55.5, 59.0, and 58.1 years, respectively. The mean ages at the time of breast, 

colorectal, and lung cancer diagnoses were 63.4, 68.5, and 67.7 years, respectively. The 

distribution of stage at diagnosis differed across cancer sites. Breast cancer was most 

frequently diagnosed with TNM stage I (52%). Colorectal cancer was most frequently 

diagnosed with SEER regional stage (54%). Lung cancer was most frequently diagnosed with 

SEER distant stage (44%). Women diagnosed with breast cancer were most frequently 

postmenopausal (91%), ER positive (89%), PR positive (68%), and HER2 positive (87%).  

There were 5 032 breast, 2 468 colorectal, and 1 594 lung cancer cases included in the 

analysis after MICE and 3 241 breast, 1 574 colorectal, and 1 005 lung cancer cases available 

for complete-case analysis. Women diagnosed with breast, colorectal, and lung cancer were 

followed-up for a median duration of 9.8, 7.1, and 5.9 years, respectively. Among breast 

cancer cases, there were 912 all-cause deaths of which 509 were BC deaths. Among 

colorectal cancer cases, there were 902 all-cause deaths of which 679 were CRC deaths. 

Among lung cancer cases, there were 1 094 all-cause deaths of which 961 were LC deaths. 

Women diagnosed with lung cancer had the lowest 5-year survival rate at 29%, followed by 

women diagnosed with colorectal cancer (67%) and breast cancer (90%).  

The following main results are associations for every 1-point increment in prediagnostic HLI 

score. Among women diagnosed with breast cancer, there was a 6% lower risk of all-cause 

mortality (HR: 0.94, 95% CI: 0.92-0.97) and 3% lower risk of breast cancer mortality (HR: 

0.97, 95% CI: 0.94-1.00), also compatible with no association. Among women diagnosed 

with colorectal cancer, there was a 3% lower risk of all-cause mortality (HR: 0.97, 95% CI: 

0.95-1.00) and 2% lower risk of colorectal cancer mortality (HR: 0.98, 95% CI: 0.95-1.01), 

although both estimates were compatible with no association. The was no indication of 

association between prediagnostic HLI score and all-cause (HR: 1.00, 95% CI: 0.98-1.02) or 

lung cancer mortality (HR: 1.00, 95% CI: 0.98-1.03), among women diagnosed with lung 

cancer. Site-specific cancer mortality estimated with SHRs from competing risks analyses 

were within ± 5% of HRs.  

4.4 Comparing HLI to single factor models 

In the complementary analyses that were not part of Papers I-III, we compared cancer 

incidence models explained by i) baseline HLI score and ii) lifestyle factors as separate 

explanatory variables entered into the model simultaneously. The AIC values from models 



 

38 

with single lifestyle factor predictors were, for all cancer sites, lower compared to cancer 

incidence modelled with the HLI score (Table 3).   

Table 3 Akaike Information Criterion (AIC) values for cancer incidence sites modelled with HLI score 
compared to single lifestyle factors 

 HLI score Single factors 

Postmenopausal breast  72486.99 71169.28 

Colorectal  25149.03 24643.93 

Lung  20444.73 19038.27 

Postmenopausal endometrial  17097.21 16517.23 

Postmenopausal ovarian  8884.213 8719.047 

Pancreatic  5757.353 5596.564 

Kidney  5598.731 5451.772 
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5  Discussion 

5.1 Discussion of methods 

5.1.1 Study design 

Papers I-III employed a prospective cohort design to address the aims. Contrasted with this 

observational design, the randomised control trial – an experimental design – is considered 

the gold standard for causal inference. However, in the context of the exposures and outcomes 

studied, where the number of observations required for adequate statistical power is large and 

there is a long and undefined latency period between lifestyle factor exposure and cancer 

occurrence, an experimental design would prove unfeasible. Further, there is unlikely to be a 

modern setting in which an experimental design could ethically test the impact of several 

lifestyle factors on health outcomes.  

NOWAC is a large prospective cohort with repeated measurements and with virtual complete 

follow-up for cancer diagnosis, death, emigration from Norwegian national registries. The 

temporality of the prospective design empowers causal inference as the exposure 

measurement precedes the outcome (132) and there is a known time interval between 

exposure and cancer onset (133). However, the long and undefined latency period of cancers, 

and thus long subclinical periods, can challenge the assumed temporal sequence where 

hypothesized exposures coexist with the subclinical phase of the outcome or the subclinical 

outcome causes the exposure, known as reverse causation (133). In Papers I-III, potential 

reverse causation was addressed by excluding the first two years of follow-up and comparing 

estimates to the complete follow-up time. We did not observe any differences. In Paper III, 

the variation in prediagnostic interval due to study design was an important aspect to 

consider. Among women diagnosed with lung cancer within five years after the baseline 

questionnaire, a healthier overall prediagnostic lifestyle was associated with higher all-cause 

and lung cancer mortality. There were no associations detected among women with 

prediagnostic intervals longer than five years. We suspected that subclinical lung cancer may 

have resulted in unintentional weight loss and thus misclassification of women with pre-

clinical lung cancer in a healthier HLI range.  

The opportunistic nature of new enrolment waves and follow-up measurements in NOWAC 

was key for increasing its sample from the original ~ 60 000 women recruited in 1991/92 and 

for having access to repeated measurements. However, the introduced variation in the time 
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between baseline and follow-up measurements for observations in Paper II risked being 

strongly associated with HLI score change. After testing, we observed no correlation of the 

time between baseline to follow-up with HLI score change. Further, when examining HLI 

score change transformed to a rate, those with the shortest and longest baseline to follow-up 

times had unrealistic magnitudes of change. As such, we did not standardise HLI score 

change to time.   

5.1.2 Information bias 

Information bias is a systematic error that results from the placement of participants into 

incorrect exposure or outcome categories. Observation, classification, and measurement bias 

are all terms used to describe this occurrence of misclassification (134). The implications of 

misclassification as a threat to validity depends on the degree of misclassification, whether the 

misclassification is nondifferential or differential (132), the number of categories and its cut-

offs, the measurement error distribution, and the distribution of the variable in the sample 

(135). Nondifferential misclassification occurs when the exposure is misclassified to the same 

degree and direction between observations who experience and do not experience the event. 

Differential misclassification occurs when the exposure is misclassified differently between 

observations who experience the event and do no experience the event in terms of degree 

and/or direction (132).  

Information bias in the exposure measure, HLI score, must consider possible misclassification 

in the five component lifestyle factors – physical activity level, BMI, smoking habits, alcohol 

intake, and dietary habits. Universal to all measurements used, differential misclassification 

due to recall bias was likely not present due to the collection of measurements before cancer 

diagnosis.  

5.1.2.1 Physical activity level 

A validation study reported that the use of the NOPAQ scale was a valid tool for ranking 

individuals’ physical activity level in NOWAC (Spearman’s rank correlation coefficient: 

0.36-0.46, p < 0.001) (113). On a population level, NOPAQ was capable of distinguishing 

physically from not physically active groups. Further, use of a simple measure may have 

minimised non-response compared to more detailed questions of high cognitive burden (14). 

The NOPAQ scale was categorised based on quantile cut-offs for the physical activity 

component of the HLI score, thus likely preserving the ranking of individuals. Assuming 
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nondifferential misclassification and no other systematic errors, error in the NOPAQ scale 

likely biased our estimates of association towards the null.  

5.1.2.2 BMI 

The underestimation of BMI through overreported height and underreported weight is 

common when using self-report instruments (136) and was found to be present in NOWAC 

(137). In a validation study of BMI in NOWAC, underreporting of weight occurred in all 

categories of BMI, although occurred most frequently among women who were overweight 

and more severely among women who were obese. Differences between self-reported and 

directly measured BMI were small in absolute terms and the ranking of individuals was 

adequate (137). Although nondifferential misclassification of BMI can be assumed, the 

categorisation of BMI into five categories and the misreporting of BMI being dependent on 

the BMI category, the estimates of association may have been biased towards or away from 

the null (138).   

5.1.2.3 Smoking habits 

Several features of smoking habits were of interest, including smoking status – never, former, 

and current smoker – as well as intensity for current smokers and timing of last exposure 

(time since smoking cessation) for former smokers. The questions on smoking in NOWAC’s 

questionnaires have not been formally validated. Underreporting of smoking status with self-

report instruments is well-documented (139). However, there can be considerable variation in 

the misclassification in smoking status groups across single studies (140). Nevertheless, our 

access to follow-up lifestyle information in Paper II was able to provide some indication. 

There were 2 426 (of 66 233 total) participants that had reported being ever smokers at 

baseline and never smokers at follow-up in the data cleaning for Paper II. This is nonsensical 

and likely represents misclassification of smoking status at follow-up. The majority (97%) 

reported being former smokers at baseline. Although some misclassification was present, its 

impact was less severe than if most of the misclassification had arisen from participants who 

reported current smoking at baseline. We attempted to correct this discrepancy in Paper II by 

replacing never smoking with former smoking at follow-up. Nevertheless, some participants 

may have been current smokers at follow-up. Moreover, differences in the style of 

questioning used across study waves and follow-up questionnaires and period effects may 

have resulted in varying degrees of misclassification across different types of questionnaires. 
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With this tendency to underreport smoking among current and former smokers, several 

smoking categories in the HLI, questionnaire differences, period effects, and assuming 

nondifferential misclassification, the estimates may have been bias towards or away from the 

null (135).  

5.1.2.4 Alcohol intake and dietary habits 

FFQs aim to measure average, habitual diet and often must sacrifice the precision attained 

from measuring short term diet with less precise information that captures long term diet 

(141). Due to a suspected long induction period for diet on cancer and cancer survival, use of 

the FFQ is probably appropriate compared to other feasible instruments. Alcohol intake in 

NOWAC was found to be substantially underreported in a comparison of food group 

measures collected through the FFQ and repeated 24-hour dietary recalls (142). However, the 

ranking of intakes was considered to be good. In terms of food groups included in the HLI, 

report of fruits and vegetables was lower and dairy was higher in the FFQ compared to 24-

hour dietary recalls. There was no statistically significant difference for whole grains, meats, 

and processed meat. However, the study did not separate red meat from poultry (142). A test-

retest study conducted on the NOWAC FFQ reported that the reproducibility of the FFQ 

responses was comparable to the reproducibility seen in other similar instruments (143).  

Energy intake estimation is a known challenge with FFQs due to differing interpretations of 

food types and portions, as well as non-response (141). In NOWAC, missing frequencies 

were imputed with no intake and missing portion sizes were imputed with the smallest portion 

available on the question, which likely contributed to the lower energy intake reported in the 

FFQ compared to the 24-hour dietary recalls (142). In total, we expect the information bias 

present in the variables obtained from the FFQ section of the NOWAC questionnaire to have 

been nondifferential. However, due to the multiple forms of categorisation, questionnaire 

dissimilarities, and period effects, the estimates of association may have been biased towards 

or away from the null. 

5.1.2.5 Outcomes 

Misclassification of cancer diagnosis most likely did not occur due to the high accuracy of 

classification at the Cancer Registry of Norway and near complete follow-up (144). In 

addition, the incidences of cancer types in NOWAC are comparable to that of national figures 

(112, 145), suggesting successful data linkage to the Cancer Registry of Norway. The 
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Norwegian Cause of Death Registry has near complete coverage of the Norwegian population 

and it has been estimated that there is 98% coverage of all deaths (146). Classifying the cause 

of death is challenging, even with the best of registry coverage. Studies assessing the quality 

of cause of death registries ranked the Norwegian Cause of Death Registry as “medium” 

(147), “medium-high” (148), and in the “best” group but below other Nordic registries (149). 

It is unlikely that the misclassification of outcomes was dependent on the HLI score. As such, 

we can expect a reduction of precision in the estimates and likely, no bias from 

misclassification of outcomes (150). 

5.1.3 Confounding 

Confounding is a threat to causal inference and occurs when a third variable – the confounder 

– is non-causally or causally associated with the exposure and causally associated with the 

outcome, but does not lie as an intermediary on a causal pathway from the exposure to the 

outcome (132). Associations that are confounded can be either further or closer to the null 

compared to the true, causal association and can lead to spurious conclusions.  

Potential confounders were selected a priori in Papers I-III based on current literature and 

consideration of factors that could fulfil the definition of a confounder. Further, inclusion of a 

potential confounder in the final statistical models took the quality of the confounder variable 

and whether it impacted the estimate of association into consideration. For example, pre-

existing cardiovascular disease is likely associated with overall lifestyle before cancer 

diagnosis and mortality. In NOWAC, the prevalence of these diseases were self-reported and 

their validity has not been assessed. As a sensitivity analysis, cardiovascular diseases were 

adjusted for in the multivariable models and yielded estimates were no different from 

estimates prior to adjustment. Thus, cardiovascular diseases were not included in the final 

multivariable models.  

Incomplete adjustment may have occurred and can be classified into residual and unmeasured 

confounding. There is the possibility of residual confounding from the covariates included in 

the final models due to crudeness of confounder categories or misclassification of the 

confounder (132). Most potential confounders were measured and modelled as continuous 

variables, which would minimise residual confounding. Nevertheless, confounders may be 

nonlinearly associated with the outcome, resulting in incomplete adjustment (151). 

Misclassification of confounders is possible. For example, a study assessing the long term 
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maternal recall of the duration of breastfeeding among elderly US women found there to be 

substantial recall bias (152). If a similar recall bias were present in NOWAC, there would 

have been inadequate adjustment for cumulative breastfeeding months in breast cancer and 

reproductive-related cancer models. However, as also mentioned in Section 5.1.2, the 

prospective design increases the plausibility that the misclassification was only 

nondifferential.  

Due to the inclusion of physical activity level, BMI, smoking habits, alcohol intake, and 

dietary habits in the HLI score, these single lifestyle factors were not considered potential 

confounders. However, the relationships between the lifestyle factors are complex and it is 

possible that single lifestyle factors could have served as proxies for an unmeasured 

confounder. For example, physical activity level may be an indicator for mental wellbeing, 

where mental wellbeing is a potential confounder in the association between prediagnostic 

HLI score and lung cancer survival (153). In addition, some covariates may have served as 

suboptimal proxies for the theoretical confounder. For example, years of education was 

treated as a proxy for SEP. However, the SEP concept, in terms of how it relates to health 

outcomes, probably differs across cultures (154) and there are age-period-cohort effects in 

such variables (155). The construct of SEP is thus considerably more complex than years of 

education and there was likely residual confounding present.  

It is likely that there were several unmeasured factors that are known causes of the outcomes 

and associated with the exposure. It is known that some cancer types are heritable, such as 

breast, colorectal, bladder, pancreatic, and skin cancer (10). However, information on family 

history of cancers other than breast cancer was not available in NOWAC. Cancer treatment is 

a major determinant of cancer survival (3). Although available from the Cancer Registry of 

Norway, cancer treatment was not included in the analysis due to the inconsistency of cancer 

treatments and protocols across the study period and a high fraction of missing values. We 

suspected that adjustment for cancer stage served as a proxy for treatment given standard 

protocols for cancer treatment in Norway (156). Although, unwarranted variation – i.e. 

disparities in healthcare utilisation that cannot be accounted for by patient needs or 

preferences (157) – is likely present, and partially due to known inequitable access to 

treatments in Norway (158). 

In a simulation study, Fewell et al. (159) observed that unmeasured and residual confounding 

had a lower impact on estimates when they were more correlated with adjusted confounders. 
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While we cannot know the extent of residual confounding, it is likely that the unmeasured 

confounders were partially correlated with adjusted confounders. Taken together, bias from 

the true causal estimate due to incomplete adjustment of confounding depends on the 

culmination of the individual biases introduced by all residual and unmeasured confounders. 

Due to the varying types of misclassification and differing potential for bias towards and 

away from the null, it is difficult to speculate on the overall over- or underestimation of 

associations due to confounding bias in Papers I-III. 

5.1.4 Selection bias  

Selection bias occurs when the study sample differs systematically from the target population 

such that the association between the exposure and outcome is different in the sample 

population compared to the entire source population (133). The temporality of the prospective 

cohort designs in Papers I-III – where study participants were enrolled and exposure was 

measured before the outcome event – should largely diminish the differential selection of 

participants according to event status.  

Another source of selection bias in the estimates due to differential selection can be 

considered confounding in prospective cohort studies (133). It is often the case that the 

sample and target population have different distributions of the exposure, confounders 

(measured and unmeasured), and events, which infringes upon the representativeness of the 

sample, and possibly its estimates, to the source population. Education level in NOWAC, 

which is correlated with the HLI score, is slightly higher compared to the national average 

(145). As such, there may have been underrepresentation of lower HLI scorers in NOWAC. 

This would have impacted the accuracy of the descriptive statistics and selection bias would 

have arisen for estimates of absolute risk since they are dependent on accurately estimating 

the distribution of characteristics in the sample. However, we only estimated HRs, which is a 

relative measure of risk. With complete adjustment and consideration of effect modification, 

differences in the distribution of exposure characteristics between the sample population and 

source population, selection bias would not have been present (133, 160). Although, as 

discussed in Section 5.1.3, unadjusted confounding was likely present.  

Differential loss to follow-up, informative censoring, or attrition bias refer to the same form 

of selection bias that can afflict prospective cohort studies that use time-to-event analysis. It 

occurs when individuals who are right-censored, especially due to mortality, have different 
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risks of experiencing the event compared to those who remain until the study end (132). In 

causal inference, this can be interpreted as there being common cause of the attrition and 

event. Due to the shared risk factors for cancer and mortality, it is possible that differential 

loss to follow-up biased the estimates towards null. Competing risk analysis, discussed in 

5.1.7.2, was used in Paper III in order to address informative censoring bias.  

5.1.5 Summary of internal validity 

The estimated associations were vulnerable to information bias, confounding, and selection 

bias. Information bias was present in the data for each lifestyle factor included in the HLI and 

likely represented nondifferential misclassification. However, there were many instances of 

categorisation and non-random misclassification. The models were not fully adjusted as there 

was likely residual and unmeasured confounding. There was likely a presence of selection 

bias during enrolment due to unmeasured or residual confounding, which hindered the 

establishment of comparable exposure groups through statistical analysis. As the impact of 

epidemiological biases are complex, it is not possible to deduce the extent to which the 

estimates of association may have been under- or overestimated (138). 

5.1.6 Representativeness 

NOWAC is likely representative of Norwegian women in the source population (age 30-70). 

A study was conducted in 2007, assessing the representativeness of NOWAC (145). The 

random sampling of Norwegian women through the national registry with near complete 

coverage increased the likelihood of those invited being representative of Norwegian women 

at the time, thus minimising sampling bias. The response rates were approximately 60% from 

age groups 30-34 to 55-59 years, but was 45% for the eldest age group, 65-70 years. There 

were no differences in oral contraceptive use, parity, and years of education between 

responders and non-responders. As stated previously, responders reported more years of 

education compared to the source population, although there was not a large difference. The 

study also compared incidence rates of cancer between NOWAC women and national figures 

provided by the Cancer Registry of Norway for the period 1991-99, finding them to be nearly 

identical.  

Representativeness is not a prerequisite for the generalisability of estimates, although it can be 

helpful (160). Generalisation of the estimates to other populations of women and time should 

be approached with caution. The lack of interpretability of the HLI score restricts the 



 

47 

inferences that can be drawn for various HLI scorers as the same score can represent several 

combinations of lifestyle factors. See 2) in Section 5.2.6.1 for more on these challenges. 

However, due to the similar distribution of several exposure and outcome related 

characteristics between NOWAC women and the source population and the ability to adjust 

for several potential confounders, it is likely that the estimates from the Papers I-III reflect 

those of the source population.  

5.1.7 Chosen statistical methods 

5.1.7.1 Considerations related to Cox regression 

Choice of time scale 

Cox regression was used in Papers I-III to estimate associations and requires a continuous 

time scale to model rates of events. The underlying time scale was age with left truncation on 

the entry age in Papers I and II. Time under study was the underlying time scale in Paper III, 

with multivariable adjustment of entry age. There is a lack of consensus on the optimal time 

scale to use in Cox regression (161, 162, 163). However, entry age was handled in both 

instances, which, according to an empirical example published by Chalise et al. (163), is most 

crucial when defining a time scale. Further, they observed minimal differences in regression 

coefficients between the two methods used in Papers I-III, but suggested that using time under 

study with adjustment of entry age as it tends to perform equally or better compared to the age 

scale with left truncation model (163). This motivated our use of time under study as the 

underlying time scale in Paper III.  

Proportional hazards assumption 

The PH assumption was upheld in all models in Paper I and Paper II according to visual 

inspection of Kaplan-Meier survival plots and by assessing the correlation between 

Schoenfeld residuals and survival time. In Paper III, the test of Schoenfeld residuals revealed 

that the PH assumption was violated by stage at diagnosis. We performed stratification on 

stage at diagnosis, which allowed different baseline hazards to be estimated within each 

stratum but estimation of the same regression coefficient (164). Further testing revealed that 

the non-proportionality had been corrected. 
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Competing risks 

In Paper III, death from specific causes (i.e. breast, colorectal, and lung cancer) were events 

of interest. As such, death from other causes was treated as a censoring event in site-specific 

cancer mortality models. However, this may have violated the assumption of noninformative 

censoring – that instantaneous risk for the event occurring is the same for participants who are 

still being followed as for participants who have been censored – and biased the results (165). 

As there is no method to test the assumption that censoring is noninformative (166), we 

treated informative censoring events as competing risks and applied the commonly used Fine 

and Gray methods (124) in a parallel analysis. Here, the cumulative incidence function 

estimated the marginal probabilities for each competing event and then modelled with SH 

regression to estimate SH ratios (SHR) and 95% CIs.  

While SHRs do not assume that censoring is noninformative, they are not necessarily 

unbiased. As P. Allison (167) explained, in keeping observations that experience the 

competing event in the risk set, they can bias the estimate of association for a predictor down 

for the event of interest by artificially lowering the probability of the event of interest 

occurring. This bias may be more severe compared to cause-specific HRs. However, as 

several authors note, SHRs may be more useful in prediction settings, whereas cause-specific 

HRs could be better suited to explanatory/aetiological/causal research questions (165, 167, 

168, 169). As the aim of Paper III was to estimate the rate of the occurrence of death given 

the prediagnostic HLI score, the research question of interest was explanatory. We therefore 

made inferences based on site-specific cancer mortality HRs. We observed that SHRs were 

nearly identical to the HRs estimated from site-specific cancer mortality hazard models likely 

because the associations between the exposure and event of interest, and between the 

exposure and competing events, were both weak.  

5.1.7.2 Restricted cubic splines 

In any regression model where the predictor is continuous, the default regression coefficient 

predicts a linear association to the outcome. Specifically, a unit increase in the predictor is 

associated with the same incremental risk difference of the outcome. While the coefficients of 

continuous predictors are easy to interpret and communicate, nonlinear associations are 

common. Thus, predicting linearly makes a strong assumption about the true association and 

can lead to poor explanations of the outcome (121).  
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Breaking continuous variables into categories is a common approach for addressing potential 

nonlinearity. However, there are several unfavourable properties of categorisation, including, 

but not limited to, a loss of statistical power, assuming the association is constant throughout 

the entire interval of the category, assuming an even distribution of the sample throughout 

each category, the arbitrary nature of chosen cut-points, and temptation to use cut-points that 

minimize the p-value (121).  

Splines, also known as piecewise polynomials, offer a well-powered solution to allow and 

detect departures from linearity in a continuous exposure while maintaining their continuous 

nature (121, 170). They are a series of polynomials that are connected across intervals of the 

continuous predictor, and are thus insensitive to category cut-offs. We applied a class of 

splines, called restricted cubic splines (RCS) to examine nonlinearity in the associations 

between HLI score and cancer incidence (Paper I), HLI score change and cancer incidence 

(Paper II), and the interaction of prediagnostic interval with HLI score and cancer survival 

(Paper III). RCS, like other piecewise polynomial models, splits the continuous predictor into 

a series of intervals bound by knots. Cubic functions are fitted between knots such that the 

first and second derivative (slope and rate of change of the slope) are continuous at the knots, 

resulting in a smooth curve across all values of the predictor (121). RCS are considered 

restricted as they force linear functions to be fitted before the first knot and after the last knot 

as cubic splines can be poorly behaved at the tails (171). 

RCS are highly flexible, whereby the number and position of knots can be specified. With this 

flexibility, there is a risk of over- and underfitting (121). Knot position has been found to be 

minimally important, thus prompting the general recommendation to place knots at the 

percentiles, ensuring equal distributions of observations within each interval (171). 

Conversely, it is the number of knots that is crucial for the models. Harrell (121) recommends 

four or five knots for sample sizes where n > 100 and, in a data-driven approach, choosing the 

number of knots that minimises the AIC value. We combined both approaches, starting with 

four knots and assessed overfitting by visual inspection with the substantive knowledge that 

there should not be sharp inflections across the HLI score. We compared AIC values of 

models with three, four, and five knots, and considered the use of the model that minimised 

the AIC value. Where overfitting was suspected, the number of knots was decreased.  

The modelling of the HLI score or HLI score change with RCS was not only advantageous 

for the aforementioned reasons, but it enabled elegant graphical presentation of risk 
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differences and uncertainty across the HLI scale. In terms of the presentation of estimates, 

HRs and 95% CIs can be extracted for specific values of the predictor when modelling with 

RCS, so it would have been possible to retain the power and validity of using a continuous 

HLI score while presenting concrete risks (at least for complete-case estimates). However, we 

chose to present categorical estimates of HLI score or HLI score change for two reasons. 

First, we were unable to model RCS with MICE data and so presented categorical estimates 

to make use of the larger and, potentially, more valid sample of MICE (discussed in Section 

5.1.8). Second, the presentation of categorical estimates is ubiquitous and it provided easily 

comprehensible estimates comparing risk among those healthiest and least healthy according 

to the HLI.  

5.1.8 Missing values 

Steps were taken in the design of the questionnaires to minimise the amount of missing data 

in NOWAC – for example, careful attention to the phrasing and formatting of the 

questionnaire. Further, some missing values have been imputed in NOWAC under certain 

assumptions (i.e. missing food frequencies were imputed with zero intake). However, missing 

data is inevitable with self-reported data in population-based studies and can produce biased 

estimates depending on the method for handling missing data, the proportion of missing data, 

assumed mechanism of missingness (172). Little and Rubin have provided a framework for 

classifying three broad mechanisms of missingness (173). Missing data can be: i) missing 

completely at random (MCAR), whereby the probability of missing is independent of the 

observed or unobserved data; ii) missing at random (MAR), whereby the probability of 

missing is independent of the unobserved data but dependent on the observed data; and iii) 

missing not at random (MNAR), whereby the probability of missing is dependent on the 

unobserved data and the observed data.  

The exclusion of observations that have a missing value for any of the variables included in 

the statistical model – known as complete-case analysis – is considered a default technique 

and is commonly performed in epidemiological studies. In situations of MCAR, complete-

case analysis is unbiased. However, where the FMI is higher, there is an automatic loss of 

precision in the estimates due to the reduced sample size and biased estimates if under MAR 

(129). Of note, there are some non-MCAR mechanisms that cannot be neatly categorised into 

MCAR/MAR/MNAR under which complete-case analysis is considered a valid approach – 

namely when the missingness is independent of the outcome and dependent on the 
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explanatory variables in the analytical model of interest (174). In prospective cohort studies, it 

is plausible that missingness is independent of the outcome since the measurement of 

predictors precede the outcome. However, complete-case analysis can produce biased 

estimates when missingness in the explanatory variables is caused by other factors that 

independently affect the outcome. Since knowing the mechanism of missingness would 

require us to know the missing values, it is impossible to ascertain this (175). As such, we 

considered other methods to handle missing values as a parallel approach.  

Single imputation – replacing missing values with, for example, the median, mean, or mode 

of observed values – is somewhat common as it enables observations to be retained. 

However, this technique can underestimate the standard errors of the estimate and produce 

biased estimates (176). Multiple imputation by chained equations (MICE) is an increasingly 

used approach to missingness and is valid under MAR. MICE employs a series of 

multivariable regression models that take into account the associations between observed data 

variables to create multiple predictions for each missing value (177). It retains the sample size 

as single imputation would, but considers uncertainty in the imputed values, thus not inflating 

precision of the estimates. Further, the MICE model is meant to be compatible with the 

analytical model (i.e. cancer incidence regressed on HLI score) such that it appreciates 

incompletely observed associations (178). It has been recommended that when complete-case 

and MICE analysis are plausibly valid, MICE is preferrable due to its greater efficiency (175). 

MICE was performed in Papers I-III due to substantial FMI under the MAR assumption. 

There is no consensus on the optimal number of datasets, m, that should be generated to 

reduce sampling variability from MICE (176). While as low as 3-5 datasets have been shown 

to be adequate, it has also been recommended that a minimum of 20 datasets be generated for 

each MICE model (176). As a rule of thumb, White et al. (179) recommend that m be at least 

the FMI percentage. However, they encourage m > 100 if possible. We generated 20 datasets 

in Paper I. In Paper II and III we had access to greater computational power and generated 

100 datasets. All MICE models performed 10 iterations. Non-convergence of MICE models 

with 10 iterations has never been observed in simulation models according to White et al. 

(179), except in rare cases. We checked for convergence as recommended by van Buuren and 

Groothuis-Oudshoorn (128), observing no abnormalities.   

Choosing the set of MICE predictors was not a simple process due to the multiple levels of 

variable transformation, particularly for the HLI score. A missing value on physical activity 
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level would render the HLI score missing, while all other components were observed. We 

considered it too crude to impute directly on the HLI score and preferred imputation on score 

components. The highest FMI was observed for the physical activity score (~10%) in Papers 

I-III. When the number of components is small relative to the sample size, as in Papers I-III, 

including the single components of sum scores as predictors has been shown to produce 

unbiased results (180).  

There were several measures taken to prevent missing values from being replaced with 

implausible values. For example, imputing on higher level variables given constraints by 

design applied in Paper III (i.e. observed current smokers could not be imputed with a 

smoking score of 2 to 4 as higher scores were reserved for never and former smokers) or by 

passive imputation for transformed variables (i.e. the feedback loop produced when imputing 

on height, weight, and BMI) (181). Paper II required that we consider the implausibility of 

ever smokers at baseline being imputed with never smoker scores at follow-up. By included 

baseline component scores and component change scores as predictors, the chances of an ever 

smoker at baseline (smoking score 0-3) being imputed as having a positive smoking score 

change that would represent never smoking at follow-up (smoking score 4) was virtually zero 

as we ensured nonsensical follow-up smoking status was corrected in the observed data. After 

MICE, we checked all MICE datasets for implausible sequences of baseline to follow-up 

information. We subsequently computed follow-up HLI scores within each MICE dataset. A 

wide range of predictors were included in the MICE models to increase the likelihood that 

missing values were predicted in a way that would correct for MAR.  

Use of MICE required high attention to detail and the number of specifications made it clear 

that, while flexible and powerful, MICE could also be a source of bias if specified incorrectly. 

When we tested a number of MICE specifications in preliminary analysis (i.e. comparing 20 

to 100 datasets in Paper II; comparing 5 to 10 iterations in Paper III), there was virtually no 

variation in the estimates suggesting the bias from misspecification may be small. However, 

this cannot be known for certain given the many specifications that were not tested and the 

ultimate inability to observe missing data.  

Further, White et al. (175) highlighted non-MCAR mechanisms in which MICE analysis 

produced biased estimates, while complete-case analysis was unbiased. We encountered 

barriers to using MICE data for some types of analysis, such as the modelling of RCS. As 
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such, the parallel approach of MI and complete-case data were important for the validity of 

the results given that the missingness mechanism was unknown.  

The estimated HRs were similar between complete-case and MICE analysis, which could 

suggest that the missingness mechanism at work was MCAR. However, due to the substantial 

FMI, the presence of MAR is likely. It is possible that MICE was incorrectly specified and 

produced similarly biased estimates to complete-case. Still, MAR may not have extensively 

affected the data or may have only been related to missingness in the HLI score and 

covariates, rather than cancer incidence or survival.  

5.1.9 Defining the HLI 

The goal of the HLI was to define a simple multifactor exposure measure that placed 

NOWAC participants on a scale from least healthy to healthiest lifestyle, based on current 

scientific evidence for causes of cancer. We did not restrict the definition of a healthy lifestyle 

to a single public health body. Rather, we considered many sources of lifestyle 

recommendations and summaries of the scientific evidence, such as findings reported in the 

WCRF/AICR 2018 CUP (23), IARC Monographs (31, 32), IARC 2020 World Cancer Report 

(10), and recommendations from the Norwegian Cancer Society (182). Several lifestyle 

factors emerged as preventive, including being physically active, maintaining a healthy body 

weight, avoiding smoking, avoiding alcohol intake, consuming a varied diet consisting of 

high intake of fruits, vegetables, and wholegrains, sleep, and mental health. However, 

NOWAC only collected information on the first five factors. Most HLIs constructed in 

studies on other cohorts have typically included these five factors (183, 184, 185), which was 

considered an advantage for comparing findings. 

We chose to operationalise increasingly healthy behaviour with a granular scale that allocated 

five ordinal categories to each component such that partially exposure could be detected. 

Several HLIs have allocated binary scores to each component (i.e. meeting the 

recommendation, 1; or not, 0). However, the dichotomisation of components results in a loss 

of information, power, and has limitations for understanding risk variation across a more 

detailed exposure spectrum (170, 183). Current evidence acknowledges the dose-response 

association of increasing exposure to low levels of physical activity (10), BMI (normal weight 

through to obese) (23), duration and intensity of smoking (31), and alcohol intake (10, 23) 
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with the higher risk of many cancer sites. We wanted the HLI score to reflect the risk gradient 

suggested by current scientific evidence.  

The design of the HLI is challenged by the competing acts of defining risk by i) exposure 

level while simultaneously acknowledging that exposures are differentially related to risk 

across cancer sites, ii) cut-offs for score categories may not accompany risk differences for 

some cancers or at all, and iii) the risk differences for single factors may not be linear. It was 

also essential that the HLI operated within the confines of the extent and type of information 

available from the NOWAC questionnaires and the distribution of lifestyle factors among 

NOWAC women so as to not have underpowered score categories. For example, NOWAC 

participants who were categorically underweight (BMI < 18.5 kg/m2) were assigned to the 

healthiest BMI category along with those considered normal weight due to the low proportion 

of underweight. A J-shaped association between continuous BMI and cancer mortality has 

been suggested based on large cohort studies, whereby the underweight population has higher 

mortality compared to the normal weight population (186, 187). Whether this J-shaped 

association transfers to cancer risk is less defined and has been found to be vary across cancer 

sites in a large meta-analysis (188). If the HLI acknowledged potentially higher risk for 

underweight compared to normal weight, assigning underweight to a lower score (2, 1, 0) 

would also make strong assumptions about risk. We excluded those considered underweight 

in a sensitivity analysis to assess if the scoring of underweight participants biased the results 

to the null, observing no differences in estimates.  

There were several options for creating a five-category gradient for the smoking component. 

“Pack-years” – product of the number of packs of cigarettes smoked per day and the number 

of years the person has smoked – is frequently used to study cumulative lifetime exposure to 

smoking (34, 62). While this is somewhat simple to compute, it only takes into account 

intensity and duration, not the time since quitting for former smokers. As it is well-known that 

there is a reduction in lung and upper aerodigestive cancer risks after smoking cessation and 

that this risk continues to decrease with longer durations of cessation (51, 189), we chose to 

recognize this directly in the score.  

The amount of average daily alcohol intake was scored in order of highest, presumed to 

confer the greatest cancer risk, to lowest intake, in order to reflect the dose-response 

association to cancer risk (10). Due to overall low alcohol intake reported in NOWAC, 

establishing cut-offs based on recommendations would have resulted in a heavily right-
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skewed distribution and few participants in the higher intake levels. Categories based on 

percentile cut-offs were considered. However, the cut-offs were nearly indistinguishable from 

an absolute perspective and thus may not have represented risk differences. We employed cut-

offs based on grams of daily intake used in a previous EPIC study on a HLI and breast cancer 

incidence (190), which resulted in categories with a more even distribution of participants 

compared to cut-offs reflecting recommendations, and categories more reflective of real 

differences in alcohol intake compare to percentiles.  

Consensus of dose-response associations for dietary habits is sparse. We included food groups 

where there was strong evidence, according to the WCRF/AICR 2018 CUP, for increased or 

decreased cancer risk for women. The diet score was designed such that high scorers would 

be defined by a diverse diet that was high in fruits, vegetables, wholegrains, and dairy 

products, while low in red- and processed meat. However, it is unknown whether this HLI 

diet score actually represents the healthiest diet pattern with respect to cancer risk, as 

exemplified by the number of dietary quality indices in existence (191).  

We considered weighting the HLI components to address the issue of the different strengths 

of association for lifestyle factors. However, this would have limited the analysis to very few 

outcomes as it would be logical to develop weights based on the risk for single cancer sites 

and types. Further, in a guide to the development of health measurement scales, Streiner et al. 

(192) argued that weighting of scale components seldom results in different ranking compared 

to equally-weighted scales. Consistent with this, Jiao et al. (185) observed that their weighted 

HLI did not perform better compared to their equally-weighted HLI with respect to pancreatic 

cancer risk despite the known, strong effects of smoking and BMI. More importantly, use of a 

weighted HLI would undermine the aim of the study – to assess if a simple measure of overall 

lifestyle is associated with cancer-related outcomes. To maintain simplicity, the HLI was 

designed to weight the five components equally; however, at the expense of possible 

attenuated estimates. 

5.1.9.1 HLI compared to single factor models 

According to the AIC values comparing cancer incidence modelled with the HLI score to 

single lifestyle factors. In NOWAC, the modelling of single factors as explanatory variables 

fit the data better than the HLI score. There could be two main reasons for this: 
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1) Categorisation of continuous lifestyle factors and assigning ordinal scores reduced 

statistical power 

2) Single factor models appreciated that lifestyle factors were differently associated with 

the outcome, which the HLI averaged  

 

5.2 Discussion of main results 

5.2.1 Paper I – Lifestyle and incidence 

A healthier overall lifestyle, as measured by the HLI score, during adulthood was protective 

against the occurrence of cancer in several common sites among women in Norway. As 

expected, the associations varied across cancer site and were strongest for cancers sites that 

are known to be strongly associated with smoking, including cancers of the lung and 

pancreas. There were clear associations for postmenopausal breast, postmenopausal 

endometrial, and kidney cancer incidence. We observed a weak, protective association for 

colorectal cancer incidence that was also compatible with no association. Postmenopausal 

ovarian cancer incidence was not explained by overall lifestyle. Associations modelled with 

restricted cubic splines (RCS) offered a novel approach to observing multifactor exposure 

measure relationships.   

5.2.1.1 Breast cancer  

The observed negative association between the HLI score and the incidence of 

postmenopausal breast cancer is largely consistent with the literature. The results were similar 

to those in two previous studies also using HLI score exposures with 0-20 score ranges. They 

observed 3% and 4% lower postmenopausal breast cancer incidence for every 1-point 

increment in a Canadian (193) and US cohort (184), respectively. Other publications that have 

examined the association between a multifactor exposure and breast cancer incidence, where 

the unit of measurement was challenging to compare, observed that a healthier overall 

lifestyle was associated with lower postmenopausal breast cancer incidence (190, 194, 195, 

196, 197) and lower overall breast cancer incidence (198). 

We were unable to directly compare our results to a smaller Norwegian study (n = 17 145) 

that investigated combined unfavourable lifestyle factors and postmenopausal breast cancer 

incidence as they estimated associations in subgroups of hormone replacement therapy use 
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(103). We did not perform hormone replacement therapy use subgroup analysis as it was 

outside the scope of Paper I and we assumed that it had confounding rather than interactive 

effects in the association. However, it has been shown that hormone replacement therapy has 

differential effects across categories of BMI (199) and this should be appreciated in the 

future.  

When allowing for nonlinearity in the associations, there appeared to be greater risk 

reductions for an increase in HLI score for women with high HLI scores (>13) compared to 

women with lower HLI scores at baseline. There were no other publications examining 

nonlinearity in the association to offer comparison. Further, it is not realistic to interpret the 

nature of dose-response from percentile categories in the exposure as presented by other 

studies using similarly granular HLIs (184, 193). However, if the magnitude of risk 

differences is greater among women who are already healthy, this would suggest that 

establishing overall healthy lifestyles early in life is crucial for all women.  

Breast cancer is currently the most common cancer in Norway and incidence trends show a 

steady increase, with no signs of plateau (12). Given that the increasing trend is largely 

attributable to the age group 60-79 according to national figures (12) and over 60% of 

NOWAC women were diagnosed with breast cancer in this age range, adherence to healthy 

lifestyles during adulthood are likely to be beneficial on a population level.  

5.2.1.2 Colorectal cancer 

We observed a protective association between HLI score and colorectal cancer incidence, 

with risk reductions only apparent for women with the highest HLI scores. While the linear 

association was weak and compatible with no association, RCS detected strong reduced risk 

for women with an HLI score over 17 compared to an HLI score of 5.  

Other prospective cohort studies that employed similarly constructed multifactor exposures 

observed comparable linear associations in the EPIC cohort (183), two cohorts from the 

United States (US) consisting of health professionals (200), and a cohort from Denmark 

(201). In a sample of Norwegians invited for colorectal cancer screening (n = 6315), a more 

favourable lifestyle defined by a HLI was associated with lower risk of screen-detected 

advanced colorectal neoplasia (104). Although a comparison of estimates is made challenging 

due to differences in HLI construction and underlying lifestyle patterns, the association in 

Paper I could be interpreted as weaker compared to the screened sample in Knudsen et al 
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(104). Another large cohort from the US that employed a score measuring adherence to ACS 

recommendations observed stronger risk reductions compared to our results (198). A 

systematic review and meta-analysis on the WCRF/AICR score and cancer outcomes reported 

a 14% lower colorectal cancer risk for every 1-point increment on the 0-7 scale based on 10 

studies (102). Four of the seven points in the WCRF/AICR score are distributed to dietary 

factors. If the relative importance of diet in the association is greatest compared to the 

remaining lifestyle factors, a multifactor exposure that is weighted heavily towards diet would 

be more strongly associated with colorectal cancer risk compared to an equally weighted 

score.  

There were no indications that certain lifestyle factors were particularly responsible for the 

association with colorectal cancer incidence. Rather, the results from the sensitivity analyses 

supported the importance of the clustering and possible synergy of multiple healthy lifestyle 

factors to reduce risk (94). Associations between single lifestyle factors – including physical 

activity (48), BMI (27), smoking (202), alcohol, and dietary food groups and nutrients (203) – 

and colorectal cancer incidence have not been detected as strong in studies conducted in 

NOWAC. However, overall dietary patterns have not been investigated with respect to cancer 

in NOWAC. Greater adherence to the Mediterranean Diet Score, Healthy Eating Index (2005 

or 2010), and Dietary Approaches to Stop Hypertension (DASH) have been associated with 

lower colorectal cancer risk in several cohort studies (204). It is possible that the NOWAC 

HLI diet score did not adequately capture the mentioned dietary patterns due to the selection 

of food groups and energy adjustment in addition to information bias present. Nevertheless, 

research should also search beyond lifestyle factors for explaining colorectal cancer risk as 

incidence is high in Norway and the association for overall lifestyle, as estimated by the HLI 

score, was weak, only conferring risk reductions for women with the healthiest overall 

lifestyles. 

5.2.1.3 Lung cancer 

The HLI score was strongly, negatively associated with lung cancer incidence, with a plateau 

in incidence reduction among the highest HLI scorers. The sensitivity analysis clarified that 

this association was explained by the smoking component. In agreement with this finding, 

Kabat et al. (198) observed that the ACS score, which did not include a smoking component, 

was not associated with lung cancer incidence. The relative importance of smoking in the HLI 

score association is consistent with the well-established dominance of smoking in lung cancer 
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risk (19). Although findings from other studies have suggested that some dietary factors, such 

as fruits and vegetables, and physical activity are associated with reduced lung cancer risk, 

while red meat, processed meat, and alcohol intake are associated with increased lung cancer 

risk, these studies have tended to show weak evidence for an association and there is a strong 

possibility of being confounded by smoking (23).  

Lung cancer is the second most diagnosed cancer among women in Norway. The impact of 

smoking prevalence on cancer incidence is clear in Norway, demonstrated both by analysis of 

risk (as in Paper I) and the parallel time trends in smoking exposure and lung cancer incidence 

(12, 205). The high incidence and poor survival outcomes for lung cancer is concerning and 

points to the importance of reducing smoking in the population.  

5.2.1.4 Postmenopausal endometrial cancer 

Paper I supported a protective role of overall healthy lifestyle in lowering the risk of 

postmenopausal endometrial cancer, which is consistent with previous studies (101, 193, 198, 

206). Previous HLI studies observed that a 1-point increment in HLI score was associated 

with 5% and 6% lower postmenopausal endometrial cancer incidence in a Canadian (193) and 

US cohort (206), respectively, when employing a 0-20 point HLI exposure similar to ours.  

Examining the association after the exclusion of BMI from the HLI was indicative of both its 

role as a major contributor to the protective association for the HLI score and as a strong risk 

factor for postmenopausal endometrial cancer incidence. In the meta-analysis performed by 

the WCFR 2018 CUP, they reported 50% higher risk of endometrial cancer for every 5 BMI 

units (23). It is well-established that factors which are suspected to increase the exposure to 

oestrogen increase the risk of endometrial cancer (10). Since postmenopausal women derive 

most of their circulating oestrogen from oestrogen synthesis in adipose cells, it is sensible that 

a higher BMI would be associated with higher risk (10).  

There was no indication of nonlinearity in the associations, supporting a consistent dose-

response association between higher HLI score and postmenopausal endometrial cancer 

incidence. It has been reported that the positive association between BMI and endometrial 

cancer risk is nonlinear, whereby risk increases more steeply with higher BMI and the 

strengthening of risk occurs at around 40 kg/m2 (23). However, as the BMI component 

categorised all participants with kg/m2 ≥ 30 together, this nonlinearity in the BMI association 

would not have been detectable. 
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Endometrial cancer is the most common gynaecological cancer in Norway (12) and in most 

high income countries (7). In total, BMI especially, but also other lifestyle factors combined 

appear to be associated with a reduced risk of postmenopausal endometrial cancer.   

5.2.1.5 Postmenopausal ovarian cancer 

There were no indications that the HLI score was associated with postmenopausal ovarian 

cancer incidence. This is consistent with findings from several other studies, who also 

observed null associations between HLIs of similar construct and postmenopausal ovarian 

cancer incidence in prospective cohorts from the US (184), Canada (193), and France (196). 

Additionally, prospective cohort studies that used the WCRF/AICR score (97) or the ACS 

score (198) were in agreement with our results by their null associations. 

The removal of single components from the HLI did not elucidate any antagonistic behaviour 

or single lifestyle factors that may have opposed potentially protective behaviour of the 

remaining lifestyle factors. According to the WCFR 2018 CUP, BMI is the only lifestyle 

factor with any strong evidence for an association with ovarian cancer risk (23). However, it 

has been demonstrated that, in the NOWAC study, BMI is not associated with ovarian cancer 

incidence (27). BMI has been found to only be associated with ovarian cancer risk among 

users of hormone replacement therapy in a large pooled analysis (207). It is possible that we 

(and Da Silva et al. (27)) did not detect an association because of effect modification by 

hormone replacement therapy use (207). Subgroup analysis by hormone replacement therapy 

use was outside the scope of Paper I. However, this should be investigated in future studies to 

better elucidate the association between BMI, and potentially other risk factors, and ovarian 

cancer risk.  

5.2.1.6 Pancreatic cancer 

There was a strong, negative association between the HLI score and pancreatic cancer 

incidence, which appeared to be linear. A study conducted in the EPIC cohort observed a 

similar strength of association between a comparable HLI (0-20 score range) and pancreatic 

cancer incidence (208). Consistent with our study, they also observed that smoking was 

responsible for the HLI score association. Our results were also consistent with prospective 

cohort studies employing scores that did not include smoking, including the WCRF/AICR 

score (102) and the ACS score (198).  



 

61 

In the literature, smoking is the most well-established risk factor for pancreatic cancer (10). 

Our results support the dominance of smoking, but did not reveal any influence of other 

lifestyle factors. Body fatness has been identified as an additional important risk factor and 

ranked as having strong and convincing evidence for increasing the risk of pancreatic cancer 

by the WCFR 2018 CUP (23). As discussed in the IARC World Cancer Report 2020, the 

impact of obesity on pancreatic cancer risk is complex and may be confounded by type II 

diabetes mellitus (10). Both have been repeatedly associated with higher pancreatic cancer 

risk and are correlated. Moreover, type II diabetes mellitus can emerge as sequelae to early 

stage pancreatic cancer and can cause obesity (209). We tested whether comorbidities, 

including type II diabetes mellitus, impacted the estimates in preliminary analyses and 

detected no effect. However, BMI may not have been an adequate tool for measuring body 

fatness (210, 211), particularly when detecting an association that may be weak. In support of 

this, Naudin et al. (208) observed, in the EPIC study, that an association remained after the 

exclusion of smoking when waist-hip ratio was used instead of BMI as the measure of body 

fatness in the HLI. As a digestive organ, we would suspect that alcohol intake and diet should 

be risk factors for pancreatic cancer. However, our findings are consistent with the limited 

evidence reported for dietary factors and alcohol intake as risk factors for pancreatic cancer 

(23).   

The annual incidence of pancreatic cancer has been stable between 2012 and 2021 among 

women in Norway (12). However, prognosis is extremely poor and incidence is fairly 

common with a cumulative risk of 1.2% for developing pancreatic cancer by age 80 among 

females in Norway. Population-wide healthy living, especially avoiding smoking and 

maintaining a healthy weight, should be a priority to reduce the burden of pancreatic cancer.  

5.2.1.7 Kidney cancer 

There was a strong, negative, and linear association between the HLI score and kidney cancer 

incidence. Results from a recently published study on a prospective cohort from the 

Netherlands support our observations, reporting a similar protective association when using a 

comparable 0-20 point HLI (212). Protective associations were also observed between greater 

concordance with recommendations as operationalised by the WCRF/AICR score (97) and 

the ACS score (198).  
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When BMI was removed from the HLI, the association attenuated, but remained protective. 

Our results support the findings from the WCRF/AICR 2018 CUP, who reported strong and 

convincing evidence that body fatness increases the risk of kidney cancer (23). They also 

listed the higher intake of alcoholic drinks as having probable evidence for increasing risk. 

Further, smoking has been identified as an important risk factor for kidney cancer risk (31). 

The remaining association after the removal of BMI from the HLI is indicative of the 

important, but perhaps smaller role of the remaining lifestyle factors.  

5.2.2 Paper II – lifestyle change and incidence 

The findings from Paper II indicated that overall lifestyle change, measured as the difference 

in HLI score between two time points, among Norwegian adult women was associated with 

the risk of lifestyle-related cancers. Specifically, greater positive HLI score change was 

associated with lower alcohol-, tobacco-, obesity-, reproductive-, and overall lifestyle-related 

cancer incidence in a dose-response manner. We observed that lifestyle worsening was more 

strongly associated with lifestyle-related cancers than lifestyle improvement when they were 

compared to stable lifestyles. Among women who experienced negative HLI score changes ≥ 

3, lifestyle-related cancer incidence was 16% higher compared to those with no HLI score 

change. In contrast, lifestyle-related cancer incidence was 7% lower for women who 

experienced positive lifestyle changes ≥ 3 compared to those with no HLI score change, 

although also compatible with no association. When HLI score change was modelled with 

RCS, the greater effect of lifestyle worsening compared to lifestyle improvement was 

observable. However, the visualisation of the RCS clearly demonstrated the large uncertainty 

of the estimates. Through this uncertainty, a linear association was compatible with the data 

and clearly visible from inspection of the plots (Paper II, Fig. 2).  

It is possible that the protective effect of overall lifestyle improvement on cancer risk is 

smaller and thus more challenging to detect compared to overall lifestyle worsening. Several 

studies on weight change have observed that weight gain is more strongly and precisely 

associated with higher breast (44, 45, 46) and obesity-related cancer risk (27) compared to 

weight loss. In addition, increased alcohol intake over a period of five years has been 

associated with higher breast cancer risk, while no association was observed for decreased 

alcohol intake (49). Alcohol cessation has been associated with lower risk for aerodigestive 

cancers, but not tested for alcohol increase (50, 51). However, the proportion of our sample 

that ceased drinking alcohol may have been low and thus not captured by the HLI score 



 

63 

change. The cumulation of these differential effects of improving and worsening may have 

been detected and reflected in the results of HLI score change.  

Two studies investigating overall lifestyle change and cancer incidence were identified in the 

literature search. Our findings are largely consistent with those in Botteri et al. (105), who 

observed that overall lifestyle improvement compared to consistently overall unhealthy 

lifestyle was associated with lower lifestyle-related cancer incidence in a cohort of women 

from Sweden. They did not include analysis of women who worsened overall lifestyle 

compared to consistent overall healthy lifestyle. As such, we cannot compare our observation 

of the relative weak association for lifestyle improvement compared to worsening.  

We did not observe that HLI score change was associated with breast cancer incidence, 

although there may have been a slight protective trend for positive HLI score changes. In a 

Swedish cohort, Botteri et al. (105), observed that women who had unhealthy lifestyles at 

baseline and improved to healthy lifestyles at follow-up, compared to women who had 

unhealthy lifestyle both at baseline and follow-up, had a lower risk of breast cancer. However, 

it is challenging to compare results due to major differences in categorisation of the HLI.  

There were no indications from our results that HLI score change was associated with 

colorectal cancer incidence, nor were any trends identified. In contrast, Botteri et al. (99) 

recently observed that, in the EPIC cohort, there was a protective trend between the 

magnitude of positive HLI score change and colorectal cancer incidence among women. 

Nevertheless, their findings for women were also compatible with no association. The average 

time between baseline and follow-up in EPIC was similar compared to in NOWAC. The 

difference between EPIC and NOWAC estimates could be attributable to many sources, such 

as small differences in the construction of the HLI, smaller sample size in NOWAC compared 

to EPIC, and follow-up time which was shorter in EPIC compared to NOWAC. As mentioned 

in Section 5.2.1.2, associations between lifestyle factors measured at baseline or at multiple 

timepoints and colorectal cancer incidence have not been convincingly detected in NOWAC. 

In comparison with EPIC, it is therefore unsurprising that Paper II did not detect associations 

for lifestyle changes.  

Based on previous knowledge of the protective association between adult baseline healthy 

lifestyle and cancer incidence, healthy lifestyle behaviours are encouraged by public health 

bodies. Our use of the exposure-related cancer groupings defined by IARC was purposeful as 
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it enabled us to study the association between overall lifestyle change and the incidence of 

cancer in many sites in a sweeping manner and it lent itself to a broader assessment of site-

specific cancers that may share aetiological mechanisms. The potentially weak or slow 

protective effect of lifestyle improvement and potentially stronger deleterious effect of 

lifestyle worsening in adulthood highlights the importance of healthy lifestyle maintenance 

throughout adulthood to lower cancer risk. However, our results should not be used to negate 

individuals’ and public health efforts to improve lifestyle among those who, for example, 

have unhealthy lifestyles. As we observed from Paper I, overall lifestyle, measured at one 

timepoint during adulthood, is an important risk factor for many of the most common cancers 

affecting Norwegian women, regardless of any changes in lifestyle that may have occurred 

before or after baseline. Further, the body of evidence on overall lifestyle changes and cancer 

risk is scarce and, among the studies that do exist, suggest that lifestyle improvements reduce 

cancer risk (99, 105). 

5.2.2.1 Time window of change 

Lifestyle changes in the calendar period 

The observed changes in lifestyle behaviours are inseparable from cultural, political, and 

economic trends occurring during the calendar period 1996 to 2014 affecting women between 

the ages of 40 to 76, which represented the earliest baseline and latest follow-up measurement 

in Paper II. During this time, tobacco restrictions were enforced (213), which saw declines in 

the prevalence of smoking in the Norwegian population (205). Further, a report combining the 

results from repeated surveys reported that alcohol intake doubled between 1973 to 2004 

among women age 15 and over (214). In Paper II, NOWAC women registered an increase in 

the HLI smoking score and decrease on the average HLI alcohol score. NOWAC women 

tended to experience a weight increase, which could be attributable to universally observed 

increase in weight during adult years and to the trend of increasing prevalence of obesity 

(215). Physical activity in NOWAC was reported to have increased on average; however, the 

standard deviation was large. The interpretability of change from one subjective physical 

activity reporting to the subsequent is challenging as we cannot assert with much confidence 

that the assessed change reflects true change (48). The dietary patterns of Norwegian women 

have likely evolved between 1996 to 2014, given changes in food availabilities and in 

tradition. There was, on average, no change in HLI diet score in NOWAC, although with a 

high standard deviation. This could have been attributed to simultaneous increases and 



 

65 

decreases in the reported intake across food groups with changes in food availability. 

However, such subgroup analysis was not undertaken to explore trends in individual food 

groups.  

Lifestyle factor trends are likely connected to wider exposures, also fluid in time, that impact 

cancer risk. This may result in different patterns of behavioural change that are represented by 

the same numeric HLI score change according to different ages, periods, and cohorts. In our 

sensitivity analysis, we did not observe that the associations were different among women 

recruited early compared to late in the sampling period, which did not indicate period effects. 

However, the interaction of age, period, and cohort could have been investigated much deeper 

as it is variability of the baseline year together with the length of time between baseline and 

follow-up, and age that could modify the effect of lifestyle behaviours on cancer incidence. It 

would be necessary to investigate age-period-cohort effects in single lifestyle factors first, 

rather than in combined form, as the factors may have independent trends.  

Variable time between baseline and follow-up 

Paper II assessed lifestyle change by evaluating HLI scores at two timepoints that were on 

average 7 years apart, where the youngest women were age 40 at baseline and the eldest were 

76 at follow-up. There was substantial variability in the distance between baseline and follow-

up measurements, with a range of 2 to 11 years. It was thus important to consider the impact 

of the study design on the results. Firstly, we were unable to define when in the time window 

between baseline and follow-up the lifestyle change occurred. Changes occurring earlier in 

the time window could be expected to have a greater impact on cancer risk as the duration of 

the exposure to the new exposure level has time to take effect. For example, it takes 

approximately 5 to 9 years after smoking cessation for a detectable decrease in lung cancer 

risk (39). Given the prospective study design, we suspect that differences in the timing of 

lifestyle change in the time window of change occurred nondifferentially and likely attenuated 

our estimates.  

We hypothesized that women with longer intervals between measurements would register as 

having changed more than women with shorter intervals since change could be expected to be 

a function of time. However, we did not observe that HLI score change was correlated with 

time between the two measurements. Furthermore, in background analysis not presented in 

Paper II, we observed that the associations between HLI score change rate and the outcomes 
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were similar to those modelled with absolute HLI score change. There are several possible 

explanations that may have acted concurrently: i) women generally engage in similar lifestyle 

behaviours in middle-late adulthood, ii) lifestyle modification occurs in a punctuated pattern 

rather than gradually as a function of time, iii) lifestyle behaviours are constantly shifting 

bidirectionally on the HLI. Unfortunately, none of these explanations can be explored with 

the available data. However, the discussion is relevant in the interpretation of the results and 

for planning future studies that can better approximate true exposure change with repeated 

measurements.  

Unintentional change 

Assessing HLI score change intended to measure overall lifestyle modifications preceding the 

latent period of cancer, not lifestyle modifications as a result of latent cancer. Ensuring that 

the exposure precedes the outcome is key criteria of causal inference (216) and is a temporal 

aspect that must be considered when building statistical models to estimate associations. 

Changes in physical activity, body weight, smoking habits, alcohol intake, and dietary habits 

can occur for a variety of reasons. Women may experience a decrease in the amount of 

physical activity due to increasing demands in other areas of life, reducing their time and 

capacity to engage in physical activity (217). Decreased physical activity levels can also occur 

as a result of reduced energy due to undiagnosed cancer or other morbidities. It is challenging 

to predict in which direction the estimates would be biased due to possible bidirectional 

change in several lifestyle factors in response to latent cancer as well as latent change being 

captured as improved or worsened depending on the lifestyle factor. Latent change in physical 

activity would typically manifest as worsened physical activity level, which would inflate 

estimates by strengthening the association between lower physical activity level and higher 

cancer risk. In contrast, latent weight change is often manifested as weight loss (218), which 

represents improved BMI with the HLI, thus attenuating estimates. In an attempt to eliminate 

the presence of lifestyle changes due to latent cancer in the sample, we excluded the first two 

years of follow-up and did not find any differences in estimates. However, this may not have 

been adequate given the long and undefined induction and latency periods of most adult 

cancers.   
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Probability distribution 

It is plausible that some of the lifestyle change captured by HLI score change among the 

lowest and highest scorers was a reflection of the design of the HLI and regression to the 

mean. Regression to the mean is the phenomenon of the probability distribution, whereby 

natural variations in repeated data can be misleadingly interpreted as actual changes (219). In 

the context of HLI score change, extreme HLI scorers at baseline will be more likely to have 

less extreme HLI scores at follow-up. The effect of this tendency was heightened by the 

maximum and minimum constraints defined by the HLI. According to overall lifestyle as 

defined by the HLI, those with the lowest score were not permitted to worsen their lifestyle 

while those with the highest score were not permitted to improve their lifestyle. Outlining 

design constraints and regression to the mean, Figure 7 displays the distribution of HLI score 

change within baseline HLI groups. The random error that is responsible for fluctuations 

between repeated measurements and regression to the mean did not represent real change in 

the exposure and thus presented as noise in the models. The estimates may have experienced a 

degree of attenuation due to this phenomenon.  

 

Figure 7. Distribution of HLI score change according to baseline HLI score categories. 
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5.2.3 Paper III – prediagnostic lifestyle and survival 

The associations between prediagnostic HLI score and survival varied between breast, 

colorectal, and lung cancer survivors, in order of most protective to null. Among women 

diagnosed with breast and colorectal cancer, the associations were more protective in terms of 

all-cause mortality compared to breast and colorectal cancer mortality. We suspect that shared 

risk factors with prominent cancer comorbidities (220) that are also major causes of death in 

Norway (i.e. cardiovascular disease, chronic obstructive pulmonary disease, and, indirectly, 

type II diabetes mellitus) (11) were responsible for the stronger all-cause associations. It has 

been reported that the poorer the overall survival is for a cancer type, the smaller the effect of 

comorbidity on mortality (54). In accordance with this and in line with national figures (12), 

we observed that the five-year survival was highest for breast (90%), followed by colorectal 

(67%) and lung (29%) cancers.  

There were indications that a higher prediagnostic HLI score was protective for breast and 

colorectal cancer mortality. This was also stronger among women diagnosed with breast 

compared to colorectal cancer. The cancer condition itself likely has higher relative 

explanatory importance for survival among lung compared to breast cancer survivors. It is 

thus reasonable that the impact of prediagnostic lifestyle factors would be most discernible in 

survival after breast cancer or where prognosis is already relatively good (221).  

5.2.3.1 Breast cancer survival 

The findings from Paper III indicated that a higher prediagnostic HLI score was associated 

with improved survival among women diagnosed with breast cancer. This association was 

especially clear for all-cause mortality, and present, although less strong for breast cancer 

mortality. To our knowledge, investigation of overall prediagnostic lifestyle and survival of 

breast cancer in a Norwegian cohort (103) is the only publication to examine this association. 

The findings from Paper III were consistent with this study’s findings in terms of all-cause 

mortality. Unlike the findings from Paper III, they did not observe an association for breast 

cancer mortality. However, their sample size was small (n = 573) compared to ours (n = 

5032), thus possibly being underpowered to detect an association.  

We observed that the smoking component of the HLI was responsible for driving the 

protective association between the HLI score and survival. No protective association persisted 

for the remaining lifestyle factors combined. Our findings likely reflect the overwhelming 
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pool of evidence indicating the strong impact of smoking on higher mortality. As summarised 

in a meta-analysis, current compared to never smoking has been consistently associated with 

poorer survival among women diagnosed with breast cancer (62). We did not detect an effect 

from the BMI component combined with the remaining lifestyle factors despite consistent 

findings of poorer survival with higher prediagnostic body fatness (59). Findings for physical 

activity level (68, 75, 222, 223) and alcohol have been inconclusive (77, 79, 80, 81, 82, 83).  

5.2.3.2 Colorectal cancer survival 

There were indications that a higher prediagnostic HLI score was associated with improved 

survival among women diagnosed with colorectal cancer. Although, the evidence was weak. 

Our findings are consistent in terms of direction, but are weaker, compared to two studies 

employing the WCRF/AICR score in the EPIC cohort (71) and a US cohort (108); and one 

study employing an equally-weighted HLI based on the same five lifestyle factors as the 

NOWAC HLI in another US cohort (63). The WCRF/AICR score emphasizes diet and the 

stronger, protective associations observed in studies using the score may be due to 

prediagnostic diet being a stronger determinant of survival among colorectal cancer survivors. 

However, this does not explain the stronger association observed in the equally-weighted HLI 

score. Further, there is little consistent evidence for the protective effect of specific dietary 

factors or patterns in the literature (66, 84, 86, 87). 

There were slight attenuations observed when smoking was excluded from the HLI, which is 

largely consistent with previous studies investigating single prediagnostic lifestyle factors and 

survival of colorectal cancer. Several studies have observed that smoking is associated with 

poorer prognosis for colorectal cancer survivors (63, 65, 74). However, results are 

inconsistent or weak for other single prediagnostic lifestyle factors. A systematic review 

reported that greater prediagnostic body fatness was only associated with poorer colorectal 

cancer prognosis among men, not women (60). According to single studies, the evidence for 

prediagnostic physical activity (63, 64, 66, 69, 70, 71, 72, 74, 76), alcohol (63, 66, 71, 74, 78), 

and diet (66, 84, 86, 87) is inconsistent.  

5.2.3.3 Lung cancer survival 

There was no association observed between prediagnostic HLI score and survival after lung 

cancer. Given the poor prognosis of lung cancer, we suspected that any influence from pre-

diagnostic lifestyle was negligible and therefore, difficult to detect. However, there were 
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indications of a protective association for women diagnosed with early stage lung cancer only. 

This again supports the hypothesis that the relative explanatory power of prediagnostic 

lifestyle is only detectable when other negative prognostic factors are limited (221). To my 

knowledge, this was the first study to investigate this topic using a multifactor exposure. 

Studies on single prediagnostic lifestyle factors have pointed to body fatness (61), smoking 

(67), and some dietary factors (67) (224).  

5.2.3.4 The importance of secondary prevention 

The findings from Paper III highlight the importance of early detection of cancer as it 

suggests that the protective impact of prediagnostic healthy lifestyle for overall survival is 

greater when cancer is diagnosed at an earlier stage. Norway has had a mammography 

screening program in place since 1996 (225), which has contributed to the high rates of breast 

cancer survival. Of note, a colorectal cancer screening programme was recently initiated in 

2022 (226). If it proves effective, there will be fewer with subclinical colorectal cancer 

diagnosed at a late stage.  

In an ideal world, primary prevention would eliminate the occurrence of cancer. However, the 

dramatic modification of lifestyle behaviours and exposure to other environmental factors not 

only takes time, but the elimination of all carcinogenic factors is not feasible. Paper III has 

provided results suggesting that early detection, which is most often achieved through 

screening today, may be a facilitating factor that will allow the benefits of primary prevention 

to be realised in the event of cancer diagnosis.  

5.2.4 Biological mechanisms 

5.2.4.1 Cancer aetiology 

Biological mechanisms that can explain the effect of lifestyle factors on cancer induction have 

been extensively investigated and several hypotheses have been shown to be plausible. They 

are especially clear for smoking, but are not completely understood for all of the lifestyle 

factors investigated and the across cancer sites and types. There is no single proposed 

biological mechanism that links physical activity, body fatness, smoking, alcohol intake, and 

dietary habits to cancer. Rather, each lifestyle factor may activate multiple plausible 

mechanisms that could have varying effects across different cancer sites, which are unified by 

in their presentation of the hallmarks of cancer (1).  
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Physical inactivity and greater adiposity have, independent of each other, been shown to 

increase the risk of metabolic dysfunction (i.e. hyperinsulinemia, insulin resistance, increased 

insulin-like growth factor I, increased fasting glucose) which are associated with tumour 

development in the breast and colorectum (22). Among postmenopausal women, it has been 

observed that hyperinsulinemia increases circulating oestrogen and testosterone (227). The 

evidence is weaker for premenopausal women. It is suspected that higher oestrogen levels 

promote tumour development in several oestrogen-related sites, such as the breast, ovary, and 

endometrium (227). Greater adiposity has also been shown to promote chronic inflammation 

from molecular and observational studies, which may cause tumour development (22). 

Clinical studies have shown that regular physical activity reduces pro-inflammatory 

biomarkers and observational studies have found that sedentary behaviour correlates with pro-

inflammatory biomarkers (22). A common challenge with the aetiology of physical activity is 

separating the direct effect of physical activity on tumour development from the effect 

mediated through adiposity (10, 22). However, the connectedness of these two risk factors as 

behaviours and aetiology supports the use of a multifactor exposure measure.  

The IARC Monographs programme has identified over 70 carcinogens in tobacco smoke that 

have demonstrated sufficient evidence for carcinogenicity in laboratory animals or humans 

(31). There are clear molecular links between smoking and DNA-adduct formation (chemicals 

bound to DNA that can cause a DNA mutation resulting in the upregulation of oncogenes), 

particularly in the lung, mouth, and bladder (228). The carcinogenic effect of alcohol intake is 

known to have a synergistic effect with smoking. It is hypothesised that ethanol can function 

as a solvent through which other carcinogens, such as those provided by smoking exposure, 

can penetrate the tissues of the upper aerodigestive tract (229). Independent of smoking, there 

is evidence that acetaldehyde – the primary metabolite of ethanol – can form DNA-adducts in 

human cells in vitro and in animal studies (229). Ethanol may also promote oxidative stress, 

which has been shown to damage DNA and is especially relevant for tumour development in 

the liver (229, 230). Alcohol intake has also been observed to increase chronic inflammation, 

which promotes tumour development in many sites (230). Heavy alcohol intake may also 

cause nutritional deficiencies by impairing nutrient absorption and altering metabolism (229).  

The hypothesised mechanisms linking diet to cancer are too broad to explore in depth as the 

number of dietary exposures are numerous and correlated, as are the pathways to diverse 

cancer sites. Overall, dietary habits may contribute to tumour development through impacting 

the microbiota, which exerts effects on metabolism and immunity (10). The molecules and 
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metabolites of food processing have been linked to chronic inflammation (10, 231). In 

experimental studies, oxidative stress has been shown to be induced by high-glycaemic foods, 

which can activate inflammatory genes (231).  

5.2.4.2 Survival after cancer diagnosis 

Proposed biological mechanisms linking lifestyle factors to cancer-specific survival are 

scarce. While some publications suggest that risk factors for cancer can indirectly promote 

host death through the acceleration of tumour progression as an extension of tumour initiation 

(54, 60, 77, 223, 232), it is metastasis that is most commonly responsible for cancer death 

(233). Although related to tumour progression, metastasis is a distinct biological process, and 

its molecular mechanisms remain poorly understood (233). We found weak evidence for an 

association between overall prediagnostic lifestyle and cancer-specific survival. Our findings 

therefore do not provide robusticity for the hypothesis that unhealthy prediagnostic lifestyles 

trigger the biological mechanisms that accelerate metastasis and thus cause death.  

5.2.5 Lifestyle factors in the aetiological exposure time window 

The aetiological exposure time window refers to when in time the exposure was relevant for 

inducing the disease or event (14). As such, it is important that the timing of the measured 

exposure is situated in the aetiological exposure time window for a valid interpretation of 

results. The current thesis and most epidemiological studies rely on a “summary measure”, 

which is a “simplifying assumption” that a single exposure measure measured at one 

timepoint is an indicator for risk (133) and thus covers the aetiological exposure time window 

(14). Papers I and III employ this study design and, like most observational studies, 

acknowledge that changes in exposure before or after measurement would have attenuated the 

estimates. In a study on physical activity level change in NOWAC, Borch et al. (68) observed 

that reduced physical activity level from pre- to postdiagnosis was associated with higher 

mortality among NOWAC women diagnosed with breast cancer. Such changes in lifestyle 

would have attenuated the association between overall prediagnostic lifestyle and survival of 

breast cancer in Paper III. Further, Paper II observed that lifestyle changes do occur among 

Norwegian women and that there is an association between lifestyle change and cancer risk. 

As such, the associations between baseline lifestyle and incidences of several cancers in Paper 

I would have been attenuated.  
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When associations are said to be attenuated in explanatory models such as these, it implies 

that there was underestimation of a causal association. This is true if the time of measurement 

captured some point in the aetiological time window. However, if the measurement was not in 

the aetiological exposure time window at all, the observed association would not be 

compatible with causation. Instead, the exposure would be a “mismeasured version of the true 

exposure” (133). For example, if higher body fatness during only childhood (unmeasured) 

was a true cause of cancer, and body fatness during adulthood (measured) was only correlated 

with childhood body fatness, results from a cohort study could infer that higher adult body 

fatness causes cancer. In the example, childhood body fatness would be an unmeasured 

confounder forcing a false causal association between adult body fatness and cancer risk. It is 

also reasonable to assume that past lifestyle behaviours are correlated with future lifestyle 

behaviours. Indeed, longitudinal analysis of repeated measurements must take correlations 

between measurements of individuals into account with covariance structures (234).  

This being is a worst-case scenario, it is unlikely that most HLI score measurements were not 

situated somewhere in the aetiological exposure time window for cancer incidence given our 

knowledge on biological mechanisms. Although the HLI score(s) was measured during 

adulthood, the lifestyle factors that comprise the HLI are not sudden exposures. Lifestyle 

factors probably have long aetiological time windows for cancer where duration, in addition 

to intensity, of exposure plays a role such that a longitudinal and life course perspective 

would be relevant. Indeed, the assessment of lifestyle change in Paper II can be interpreted as 

a measure of duration of exposure according to intensity and was found to be associated with 

cancer risk. In a review of the role of physical activity in breast cancer aetiology, Friedenreich 

et al. (235) reported that lifetime physical activity was most strongly associated with breast 

cancer risk compared to physical activity at various timepoints in life. However, in terms of 

breast cancer survival, more recent physical activity levels before diagnosis could be a 

stronger predictor compared to physical activity levels earlier in adulthood (236). It is also 

accepted that longer smoking duration is associated with the higher risk of cancer in several 

sites independent of smoking intensity (31). Lifestyle factors extending into childhood may 

also be important. For example, childhood nutrition status is a risk factor for adult height and 

age at menarche, which are risk factors for cancer (23)). 

In terms of cancer survival, our observation that the associations between the prediagnostic 

HLI score and mortality were markedly modified by the length of the prediagnostic interval 

highlighted the importance of investigating the timing of the exposure. Among breast cancer 



 

74 

survivors, we observed the strength of the protective associations increased with longer 

prediagnostic intervals, suggesting that lifestyle long before diagnosis has the greatest overlap 

with the true relevant exposure window (133). We tested if it was in fact age at questionnaire, 

which was correlated with prediagnostic interval, that modified the associations. However, 

models were not improved by an age at questionnaire interaction term, suggesting that it was 

the number of years before diagnosis, independent of age, that was important.   

The importance of exposure accumulation of lifestyle factors over time and the changes in 

intensity of exposure are relevant for cancer risk and likely survival. This and the high 

potential for recall bias in retrospective study instruments should motivate the uptake of 

longitudinal study designs with frequent and regular measurements. In the context of cancer 

risk, and most likely other chronic diseases and mortality beyond the scope of this thesis, this 

should ideally take place throughout the life course.  

5.2.6 What can we know from the HLI? 

In explanatory epidemiological studies, such as Papers I-III, providing a sound explanation 

for the results is dependent on many considerations. Perhaps the most basic and essential is 

considering the degree to which the explanatory variable reflects the intended study exposure. 

Given the number of studies using the HLI as an exposure measure in explanatory models for 

cancer-related outcomes, it is important to reflect upon the HLI’s surrogate relationship to its 

several component exposures and the true exposure it aims to measure in light of the results.  

Every exposure used in epidemiology is a proxy measure for a conceptual “true exposure” 

that is itself not directly measurable (14). The researcher must therefore operationalise the 

exposure, ideally in the closest way possible, while balancing feasibility. For example, BMI 

measures kg/m2 to operationalise body fatness. It is an imperfect measure as it does not 

account for the proportion and distribution of lean compared to fat mass, among other factors 

(237). However, BMI is simple to obtain and relevant for many health outcomes on a 

population level (238).  

What is the true exposure of the HLI when it is comprised of several lifestyle factors that are 

diverse and dynamic in their carcinogenic processes and impacts? This is challenging to 

define as there is no single or set of proposed biological mechanisms that unify the five 

lifestyle factors with respect to cancer risk or survival. If we revisit the purpose of 

constructing the HLI in this thesis, it was to provide a simple measure that represents a 
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gradient of overall healthy lifestyle as defined by the inclusion of selected evidence-based risk 

factors. Throughout Papers I-III, we use the term “combined” lifestyle factors; as do others 

(183, 184). Several studies that use an HLI score to explain cancer risk maintain that the HLI 

is a “joint” measure of overall lifestyle (90, 184, 239, 240). Both terms denote an appreciation 

of potential interactive effects between lifestyle factors. In this sense, the HLI can be regarded 

as a generalised measure of simultaneous adherence to healthy lifestyle behaviours. 

Would it be valid to infer that a high HLI score is the same as overall healthy lifestyle? As we 

have defined the HLI in the context of cancer prevention, this is generally true as it would 

take at least partial adherence to lifestyle recommendations for cancer prevention in order to 

score highly. Papers I-III observed associations between the HLI score, or HLI score change, 

and cancer-related outcomes. From a statistical inference perspective, the HLI score explained 

the variation in many outcomes better than chance. If the HLI score is a measure of overall 

healthy lifestyle, does this also mean that overall healthy lifestyle explained the variation in 

outcomes? As I will discuss below, the apparent simplicity of the HLI score in its 

construction has limitations due to lost information, the dynamic interplay and independent 

effects of the HLI’s component exposures, as well as the relative importance of single 

components for different cancers in terms of incidence and survival. However, this trait that 

limits the interpretation of results may also be its main strength in explanatory models.  

5.2.6.1 Interpretation of an increment 

As Figure 3 in 3.3.1 describes, a 1-point increment on the HLI can represent many exposure 

differences. For example, BMI of 32 kg/m2 compared to 28 kg/m2 or physical activity level in 

the first compared to second quintile are each represented by 1-point. There are two reasons 

for why the 1-point increment loses its meaning as it moves from being a descriptive feature 

of an individual to an explanatory increment in the sample population. 

1)  

Unintentional weighting of the lifestyle factors would have occurred due to the unequal risk 

associated with each contributing lifestyle factor. This pattern of unintentional weighting 

would be unique to the outcome. For example, in Paper I, a 1-point HLI increment was 

associated with 14% lower lung cancer incidence. Clearly, inferring that women with BMI 

between 27.0 kg/m2 and 29.9 kg/m2 have 14% lower incidence of lung cancer compared to 

women with BMI ≥ 30.0 kg/m2 would be absurd given our a priori knowledge on the minimal 
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effect BMI has on lung cancer risk and the null association observed after smoking was 

removed from the HLI. Correspondingly, 14% lower incidence among current smokers of < 

15 cigarettes per day compared to current smokers of ≥ 15 cigarettes per day is probably an 

underestimated strength of association due to the attenuating effect of the other lifestyle 

factors. As such, if attempting to interpret the HLI score risk differences on a per-component 

basis, the impact of weakly associated factors would become overestimated while the impact 

of strongly associated factors would be underestimated.  

Although lung cancer is an extreme example due to the dominance of smoking, the 

interpretations of a 1-point increment with respect to the risk of other outcomes are not 

immune to the ambiguity that comes with unintentional weighting. Even in a hypothetical 

setting where all five lifestyle factors were equally associated with the outcome, I would be 

sceptical of attributing the risk difference of a 1-point HLI increment to any of the specific 

components. Firstly, the interpretation would ignore possible synergy that the HLI captures as 

a multifactor exposure. Secondly, in the case of overall lifestyle change, it is impossible for 

participants to improve their smoking component score from less than 4 (former or current 

smoker) to 4 (never smoker). This type of restriction complicates the flexible interpretation of 

the HLI increment for risk. 

2)  

The HLI score can represent a wide variation of lifestyle patterns, which as paragraph 1) 

eluded to, would be differentially associated with the outcome. For a HLI score of 20, the 

highest scores were achieved in all five lifestyle components and the lifestyle pattern here is 

relatively well-defined, although may be different across study samples and populations if 

there is large variation in these “high achievers”. If we consider a HLI score of 19, the highest 

scores were achieved in four of five lifestyle components; and only three of four points were 

achieved for the remaining lifestyle component. Problematically, the lifestyle component to 

which this missing point belongs becomes lost in the score, the distribution of the 3-point 

factor may not be equal across all five factors in the sample, and the distribution of the 3-point 

factor may differ between populations. If we consider a score of 10, the combinations of 

points attributable to lifestyle components become overwhelming to consider. As such, risk 

differences associated with a 1-point HLI score increment would be fixed to the lifestyle 

patterns of the sample population which prevents the ability to relate risk estimates back to 

lifestyle factors and to risk estimates observed in other studies. This also limits the 
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generalisability of the results. The study design in Paper II highlights this dilemma as a HLI 

score change equal to zero is defined as no lifestyle change when the underlying lifestyle 

patterns at baseline and follow-up could be theoretically be very distinct and represent much 

lifestyle change.  

Considering paragraphs 1) and 2) together, the HR associated with a 1-point increment on the 

HLI represents the risk difference of a healthier compared to a less healthy lifestyle defined 

by patterns of physical activity level, BMI, smoking habits, alcohol intake, and dietary habits 

that are based on the variation in the sample where there is unintentional weighting across the 

lifestyle factors depending on the outcome. While a weighted HLI would remedy some of the 

issues with unintentional weighting, it would not remedy the interpretability of an increment. 

The ambiguity of the 1-point increment in relation to the true exposures of its components 

renders any other increment, such as per 1-SD or quartiles just as challenging to interpret. 

Maintaining a stable lifestyle, or a HLI score change of zero, is analogous to the variation of 

lifestyle patterns that could comprise the same numeric score – also ambiguous. Importantly, 

this ambiguity impedes the end goal of explanatory models, which is causal inference. As 

such, interpretations of increments associated with risk differences should be cautious as they 

cannot provide much more insight than risk associated with average overall healthier lifestyle 

or average greater adherence to lifestyle recommendations for cancer prevention.  

5.2.6.2 Addressing synergy and clustering 

The use of HLIs in explanatory models is commonly motivated by a brief mention of its 

suggested superior ability to appreciate synergy (206, 239, 241) and clustering (Paper I) (184, 

193, 206) of lifestyle factors compared to the modelling of single lifestyle factors. It seems 

the brevity of scientific articles have not allowed the space for a discussion of how synergy 

and clustering is addressed or understood when employing a multifactor exposure like the 

HLI. I will offer some reflections in the following sections.  

Approach to clustering 

Clustering is a characteristic of the exposure and describes the concurrent exposure to several 

factors. Given the recommendations targeting multiple lifestyle factors for cancer prevention, 

it would be of interest to compare the risk associated with meeting all recommendations to 

meeting fewer or none. However, it would be important that the lifestyle exposures 

composing each cluster are known. The HLIs ability to assess the risk associated with the 
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clustering of lifestyle factors has been presented as an advantage over the assessment of single 

factors. There is evidence that healthy lifestyle behaviours often cluster in Western 

populations (92, 93, 94). Although in NOWAC, clustering is probably less dichotomous 

(242). In the context of the HLI used in this thesis, clustering could only be captured by 

individuals who have extreme HLI scores. The pattern of lifestyle factor-clustering for those 

scoring centrally on the HLI is entirely unknown and is where the majority of NOWAC 

women score. As such, comparing the risk associated with the women that score the highest 

to lowest, as done in Papers I-III with the HLI score modelled in categories, may be the only 

approach to understanding the effect of clustering and where synergy may be suggested.  

A cleaner approach to addressing clustering would be to construct HLIs with binary-scored 

components as used in several studies where the score corresponds to the number of lifestyle 

factor recommendations met (100, 183, 185, 198, 239). These explanatory studies compare 

cancer risk associated with belonging to more favourable lifestyle factors to fewer. The binary 

HLIs face similar challenges of identifying the exposure level among the central scorers, 

although to a lesser degree than more graded HLIs. Latent class analysis would be a superior 

approach in the pursuit to identify causal associations between lifestyle patterns and cancer 

outcomes.  

Approach to synergy 

Synergy can occur in some cases of clustering, but not necessarily. Synergy, synonymous 

with interaction, refers to the concept that the effect of an exposure on an outcome depends 

on the presence of a second exposure. For example, smoking and alcohol intake interact to 

increase the risk of upper aerodigestive cancers (31); and high body fatness and alcohol intake 

has been reported to increase the risk of liver cancer (243). It is reasonable to assume, given 

our current understanding of biological mechanisms and studies estimating the statistical 

interaction between two lifestyle factors, that there is a biological synergistic effect between 

combinations and subsets of physical activity, body fatness, smoking, alcohol intake, and diet 

on cancer risk and other health outcomes.  

Investigating biological interaction typically involves the assessment of statistical interaction 

by the inclusion of an interaction term in a multivariable model and/or assessing the 

association of interest in subgroups across the hypothesized interacting variable. The 

approach of the HLI represents none of these. Rather it takes on an approach resembling that 
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of dietary quality scores, whereby components of the multifactor exposure are summed. As 

far as I understand, there is no method to test for interaction between components using an 

additive score and their purpose in dietary epidemiology is not to assess interaction (244). 

Further, due to the limitations described in Section 5.2.6.1, it would not be possible to identify 

the source of the interaction (i.e. which two or more lifestyle factors are involved). Indeed, 

HLI scores can represent diverse lifestyle patterns that interact and are related to risk 

uniquely. To glean specific results on interaction, use of other methods, such as latent class 

analysis would be preferred over the HLI. With latent class analysis, specific lifestyle patterns 

that are present in the sample population can be compared, rather than an average increase or 

decrease in all components. Although, if the point is that the HLI can simply appreciate 

synergy without testing for its presence, this advantage would probably be overshadowed by 

the inability to make meaningful interpretations of the risk differences.  

Despite these limitations, there are cases where meaningful interpretation of the cause of risk 

differences is less pertinent, and the HLI could provide a crude indication of synergy and 

generate hypotheses for more in-depth research.  

Colorectal cancer incidence 

As discussed in Section 5.2.1.2, Paper I observed that the HLI score was associated with 

lower colorectal cancer incidence when, previously in NOWAC associations for single 

lifestyle factors were not detected. As such, it is possible that the HLI captured a synergistic 

effect between the component lifestyle factors. This could be worth exploring further given 

the high incidence of colorectal cancer in Norway.  

Lung cancer incidence 

Multifactor lifestyle exposures and impact of lung cancer have seldom been explored. I 

suspect this to be because few see the benefit of investigating risk for a cancer site with a 

known dominant risk factor and have prioritised the use of multifactor lifestyle exposures for 

multifactorial cancers. Indeed, it has been estimated that smoking was responsible for 80% of 

lung cancer cases among women (23), which would seem to leave little room for the impact 

of other lifestyle factors after also considering the strong role of occupational and 

environmental exposures (31). However, examination of the HLI score – after removing 

smoking – to explain lung cancer risk is possibly a more informative setting since it could 

allow for associations to be detected on the basis of synergy that would not otherwise be 
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detectable with the isolation of single lifestyle factors. In the case of NOWAC, there was no 

association between the HLI score and lung cancer incidence when smoking was excluded 

from the HLI in Paper I. This may not be the case in other populations and samples where 

internal validity may be higher and lifestyle patterning is different.  

5.2.6.3 Public health implications 

Use of the HLI has been encouraged in the literature for its potential public health 

implications as it can relate several lifestyle behaviours to public health goals (90, 93, 94, 

245) – i.e. reducing the incidence of cancer (10). As discussed, the HLI score is likely a poor 

exposure measure for explanatory models and unimpressively examines the clustering and 

synergy of lifestyle factors. The central problem of relating risk differences back to the HLI 

component exposures highlights the inability of HLI models to implicate specific lifestyle 

modifications. Public health recommendations require findings that point to the health impact 

of actionable modification, which the HLI does not provide. Proportional attributable 

fractions, which estimate the number of events avoided given the strength of effect and 

frequency of exposure (246), have been estimated in some HLI studies (183, 196, 247). 

However, this does not remedy the problem of exposure interpretability and actionability.  

Despite these issues, HLIs can be useful in public health for some explanatory contexts. For 

example, they can be used to test if adherence to new recommendations is differently 

associated with outcomes compared to old recommendations when there is a change in 

official recommendations. The HLI can also be used for surveillance as descriptive 

epidemiology. For example, it can provide a crude measure of overall lifestyle before and 

after implementation of a public health intervention as an indicator of progress. More 

generally, the HLI could be used to survey population exposure to lifestyle factors over time. 

This can help identify subgroups of the population that most require attention (93).  

In terms of clinical implications, predictive contexts for the HLI may also be useful. The 

HLI's predictive capacity can be evaluated to create a basic risk assessment tool for cancer 

and other health outcomes (248). This could be helpful in dialogue with a family physician 

and for identifying at-risk patients. 
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5.2.6.4 Added benefit of the HLI  

Despite the possible synergy that was captured by the HLI score in explaining the variation of 

colorectal cancer incidence in Paper I, several reasons have been outlined above for why the 

HLI may not be an ideal approach to studying overall lifestyle from a scientific and public 

health perspective. Further, the benefits of its approach to synergy and clustering of lifestyle 

factors likely did not outweigh it limitations. This was tested empirically, as described in 

Section 3.6.3, finding that the modelling of single lifestyle factors was superior to the HLI 

score in explaining the variation in cancer incidence for all cancer sites investigated in Paper I 

(results presented in Section 4.4). It is almost certain that the modelling of HLIs that were 

weighted to the specific outcomes investigated would have performed better than unweighted 

HLIs. However, as discussed earlier, this would come with its own challenges of 

interpretability and could not be considered a simple multifactor measure. Use of HLIs as 

exposure measures in future studies should be considered carefully, taking into account the 

aim of the research question and limitations that may be encountered when interpreting 

results.  

5.2.7 Healthier living in the population 

Despite the limitations of the HLI score as a multifactor exposure measure, the results 

generally support lifestyle recommendations for cancer prevention for Norwegian women 

listed by WCFR/AIRC (249), WHO (250), ACS (89), and the Norwegian Cancer Society 

(182). This is not a novel finding and should not be expected to be novel given the volume of 

study findings, meta-analyses, and panel judgements that form the foundation for these 

recommendations. While there is much that is yet to be known about the true association 

between lifestyle behaviours and cancer risk and survival, particularly for the impact of 

dietary factors, there is much we do know that has yet to be implemented (251, 252).  

How do we lead healthier lives? The public health bodies mentioned have delivered strong 

public health messaging. Yet, we continue to see low levels of physical activity (253, 254), 

trends of increasing obesity (252, 255), and high alcohol intake (214, 256) globally and in 

Norway. There are clearly barriers to populations adopting healthier lifestyles. There is heavy 

emphasis from public health bodies on individual responsibility for adhering to a healthy 

lifestyle as behaviours are regularly framed as choices made by individuals. However, healthy 

living among individuals, who form the population, is inseparable from culture and the socio-

political systems that shape it (252). It is therefore logical that obstacles to healthy lifestyles 
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are a function of the wider systems. For example, despite our knowledge about the negative 

health effects of alcohol intake, there is an active blindness towards its health risks outside of 

the scientific sphere and there lacks impetus – cultural or political – to reduce its prevalence 

(257). Pressure is also being placed on economic policy from public health bodies, as 

exemplified by smoking bans and taxes on cigarettes, alcohol, and sugar in Norway. Indeed, 

the prevalence of smoking has declined since 1998 (258).     

Yet, the disparities in healthy living across the SEP spectrum suggest that there is an unequal 

distribution of access to healthy behaviours (254). In Norway, women with the lowest 

education levels disproportionately bare low physical activity levels (259), excessive alcohol 

intake habits (214), tobacco smoking (205), and obesity (260). In a qualitative study, a sample 

of young Norwegian women identified high costs of healthy foods and sports participation, 

lack of time, as well as clear education on nutrition and preparation of healthy meals as 

barriers for weight management (217). These psychological, time, and financial-related 

obstacles appear to be somewhat universal in industrialised societies (261).  

This leads me to a contention with a specific lifestyle factor recommendation – maintaining a 

healthy weight. It is firstly arguable whether body weight is a lifestyle factor as it is not a 

behaviour and not actionable in the sense that exercising more, smoking less, drinking less, 

and eating healthier are. Secondly, obesity represents a disease status itself and can be the 

sequelae of other underlying disease (209). Further, it is not only a product of the energy 

balance as determined by the mentioned actionable factors, but is also result of the complex 

interplay of factors, many of which are not modifiable by the individual (262). Statistics 

Norway reports that those with lower education level tend to have more obesity compared to 

people with higher education (259). There is substantial social shame in Western society 

associated with overweight and obesity, as the cultures, which are influenced by public health 

messaging, place responsibility on the individual for poor lifestyle choices. I fear that the 

focus on body weight, and its inclusion in HLIs, overshadows more sinister problems at the 

root of obesity that should be at the frontier of public health, medicine, and policy.  

It would seem that for adherence to healthy lifestyle behaviours to be sustainable by 

individuals, they must be compatible with the wider societal framework. Exploring this 

further represents an entire field of study on its own. However, knowledge from other fields 

are necessary to translate epidemiological findings into sustainable and ethical change; and to 
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address the barriers that more disadvantaged segments of the population disproportionally 

face.  
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6 Conclusion 

This thesis, as a collection of three scientific research papers, aimed to investigate a HLI, 

representing a simple multifactor exposure measure for a gradient of healthy lifestyle 

behaviours, and its association to cancer-related health outcomes among women in Norway.  

There were several conclusions:  

1) Overall healthier lifestyle was associated with the lower risk of cancer in several 

frequent sites among Norwegian women. Our findings are generally consistent with 

the current evidence on risk factors for cancer and support recommendations for 

cancer prevention. 

a. Higher HLI score was associated with a lower incidence of postmenopausal 

breast, colorectal, lung, postmenopausal endometrial, pancreatic, and kidney 

cancer; but was not associated with postmenopausal ovarian cancer risk. 

b. Smoking was responsible for the association between HLI score and lung 

cancer risk, and HLI score and pancreatic cancer risk.  

2) Overall lifestyle changes in adulthood were associated with the risk of cancer in 

several sites combined. Our findings support adherence to a healthy lifestyle, 

avoidance of lifestyle worsening, and lifestyle improvement. 

a. Greater positive magnitude of HLI score change was associated with a lower 

incidence of lifestyle-related cancers.  

b. The strength of association between lifestyle worsening, as defined by negative 

HLI score change, compared to stable lifestyle and the incidence of lifestyle-

related cancer may be stronger than that for lifestyle improvement, as defined 

by positive HLI score change. 

3) Overall prediagnostic lifestyle was not strongly associated with survival among 

women diagnosed with breast, colorectal, or lung cancer. More research on the 

prognostic effect of lifestyle factors on cancer survival is required. 

a. Prediagnostic HLI score was associated with lower all-cause and breast cancer 

mortality among women diagnosed with breast cancer; however smoking was 

responsible for the associations. 

b. Prediagnostic HLI score may be associated with lower all-cause and colorectal 

cancer mortality among women diagnosed with colorectal cancer. Smoking 

may have been responsible for the associations.  
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c. Prediagnostic HLI score was not associated with lower all-cause and lung 

cancer mortality among women diagnosed with lung cancer 

4) Due to the limitations of the HLI score as an exposure measure of overall lifestyle and 

its dependence on the distribution of factors in the source sample, it may not be 

reasonable to extrapolate these results to other populations of women. 

5) Generalised multifactor lifestyle exposures are not particularly useful in explanatory 

models as they cannot provide knowledge on the strength of interaction between 

potentially aetiologically dependent factors. Further, their resulting measures of risk 

cannot implicate actionable exposures that are required by public health to implement 

interventions.    
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7 Future perspectives 

The undertaking of this PhD project has offered some insights on promising directions and 

lessons learned in the field of lifestyle risk factors and cancer outcomes. Some suggestions 

have already been presented in earlier sections of this thesis and are summarised here. Most of 

these future perspectives can also apply to chronic, lifestyle-related disease outcomes other 

than cancer.  

1. The use of multifactor exposure measures should be carefully considered with respect 

to the research question before use in explanatory models. 

2. A healthy lifestyle index can: 

a. Provide a measure of overall healthy lifestyle for population surveillance and 

for measuring the effectiveness of lifestyle interventions 

b. Provide a convenient summary measure and be used as a potential risk 

assessment tool. However, the HLI’s predictive ability will need to be tested in 

predictive models.   

3. The clustering of lifestyle factors is relevant for the risk of health outcomes and 

should be investigated using exposure measures with a high degree of interpretability, 

such as latent class analysis. Real lifestyle patterns that exist in the population should 

be considered across different birth cohorts to appreciate age-period-cohort fluidity in 

behaviours.   

4. To better address causal associations in observational studies, obtaining longitudinal 

data with frequent and regular repeated measurements should a priority when 

designing cohort studies. The knowledge potential in accessing a greater number of 

repeated measurements would improve the internal validity of studies assessing most 

slow-building exposures on health outcomes. Measurements throughout the life course 

are important as relevant time windows of exposure and latent periods can be 

extensive. The leveraging of technology should be embraced to enable less costly, but 

frequent data collection. 

5. Dietary scores are only as powerful as their raw data. Reducing measurement error in 

data collection of diet is critical for better understanding causal associations between 

dietary exposures and health outcomes as well as for providing adequate adjustment as 

a confounder in models with other explanatory variables of interest. Technology has 

potential to assist in this area as well. 



 

88 

6. There is a need for studies that are designed to assess pre-defined exposures, 

particularly with respect to exposure change (i.e. alcohol cessation).  

7. It is a public health, societal, and political obligation to provide equitable access to 

healthy lifestyle behaviours. Collaboration between academia, policy, and economy 

will be necessary to effectively move populations towards healthier living.  
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Introduction: Only a small number of studies have examined the impact of combined 
lifestyle behaviors on cancer incidence, and never in a Norwegian population.
Purpose: To examine linear and nonlinear associations of combined lifestyle factors, 
assessed through a healthy lifestyle index (HLI), with the incidence of postmenopausal 
breast, colorectal, lung, postmenopausal endometrial, postmenopausal ovarian, pancreatic, 
and kidney cancer among women in Norway.
Methods: This prospective study included 96,869 women enrolled in the Norwegian 
Women and Cancer (NOWAC) cohort. Baseline information on lifestyle factors was col-
lected between 1996 and 2004. The HLI was constructed from five lifestyle factors: physical 
activity level, body mass index, smoking, alcohol consumption, and diet. Each factor 
contributed 0 to 4 points to the HLI score, which ranged from 0 to 20, with higher scores 
representing a healthier lifestyle. Multiple imputation was used to handle missing data. Cox 
proportional hazard regression models were used to estimate hazard ratios (HR) and 95% 
confidence intervals (CI). Restricted cubic splines were used to examine nonlinearity in the 
associations.
Results: The HRs for a one-point increment on the HLI score were 0.97 (95% CI: 0.96– 
0.98) for postmenopausal breast cancer, 0.98 (0.96–1.00) for colorectal cancer, 0.86 (0.84– 
0.87) for lung cancer, 0.93 (0.91–0.95) for postmenopausal endometrial cancer, 0.99 (0.96– 
1.02) for postmenopausal ovarian cancer, 0.92 (0.89–0.95) for pancreatic cancer, and 0.94 
(0.91–0.97) for kidney cancer. Nonlinearity was observed for the inverse associations 
between HLI score and the incidence of lung cancer and postmenopausal breast cancer.
Conclusion: Based on our results, healthier lifestyle, as assessed by the HLI score, was 
associated with lower incidence of postmenopausal breast, colorectal, lung, postmenopausal 
endometrial, pancreatic, and kidney cancer among women, although the magnitude and 
linearity varied. Adoption of healthier lifestyle behaviors should be a public health priority 
to reduce the cancer burden among Norwegian women.
Keywords: healthy lifestyle index, cancer prevention, prospective study, composite score

Introduction
Cancer is the second-leading cause of death worldwide,1 with estimated 
19.3 million new cancer cases and 10.0 million cancer deaths in 2020.2 The latest 
corresponding numbers in Norway were 34,190 and 11,049 in 2018.3 Women 
accounted for 46% of the new cases in Norway, where breast cancer remains the 
most common, followed by colorectal cancer and lung cancer.3 According to the 
latest report from the Cancer Registry of Norway, age-standardized incidence rates 
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for most cancers are increasing, as are the number of 
incident cases.3 This trend suggests that the already sub-
stantial cancer burden in Norway will continue to grow, 
placing increasing pressure on the healthcare system in the 
form of screening and treatment.

It has been estimated by the World Health Organization 
that 30% to 50% of all cancer cases are related to modifi-
able factors.4 Lifestyle factors – namely physical inactiv-
ity, overweight and obesity, smoking habits, alcohol 
consumption, and diet – have been repeatedly identified 
as cancer risk factors.5,6 There is substantial evidence that 
a large proportion of cancers can be prevented through the 
adoption of a healthier lifestyle, providing an optimistic 
avenue for decreasing the future cancer burden. While 
early diagnosis and treatment for the most common can-
cers have been improving, they remain a challenge, high-
lighting the importance of preventive strategies.

Epidemiological studies typically aim to isolate the 
relationship between single lifestyle factors and cancer 
risk. While these analyses are critical for identifying 
novel risk factors and the strength of associations in dif-
ferent populations,7–9 they cannot assess the combined 
impact of several healthy or non-healthy behaviors. An 
alternate approach is to assess the effects of 
a combination of lifestyle factors on cancer risk. This 
concept is increasingly being used to explore the cancer- 
preventing benefits of an overall healthy lifestyle. Several 
studies have employed additive exposure scores – either 
based strictly on recommendations from public health 
bodies, or based on a combination of recommendations, 
current scientific knowledge, and sample-specific attri-
butes – referred to as a healthy lifestyle index (HLI). 
These studies have, for the most part, observed linear 
risk decreases with increasing increments in their 
indices.10 To our knowledge, nonlinearity in associations 
between a HLI and cancer incidence has only been 
explored in one study on lymphoma incidence.11

The present study aims to examine the linear and non-
linear associations of combined lifestyle factors, assessed 
through a score on an a priori-defined HLI, with the 
incidence of postmenopausal breast, colorectal, lung, post-
menopausal endometrial, postmenopausal ovarian, pan-
creatic, and kidney cancer among women in Norway. To 
our knowledge, this is the first prospective study to explore 
associations between a combined measure of lifestyle, 
including diet, and the incidence of cancer in 
a Norwegian population.

Materials and Methods
Study Population and Data Collection
A detailed description of the Norwegian Women and 
Cancer Study (NOWAC) has been presented elsewhere.12 

Briefly, the NOWAC study is a nationwide, prospective 
cohort study, consisting of approximately 172,000 adult 
female participants. Women invited to participate in the 
NOWAC study were randomly sampled from the 
Norwegian Central Person Register between 1991 and 
2007 in multiple sub-cohorts. Those who agreed to parti-
cipate completed a first self-administered questionnaire. 
Second questionnaires were sent to all sub-cohorts, except 
for those enrolled from 2005 to 2007 (n = 42,671), and 
approximately 70% of participants responded. All ques-
tionnaires collected information on socio-demographic 
characteristics, reproductive and hormonal factors, self- 
reported health, physical activity, height, weight, smoking 
habits, dietary habits, and family history of breast cancer. 
Questionnaires consisted of either 4 or 8 pages depending 
on the sub-cohort, with the 8-page questionnaire contain-
ing a detailed food frequency questionnaire (FFQ).

The first completed 8-page questionnaire was used as 
the baseline for the present study. Therefore, sub-cohorts 
that did not complete an 8-page questionnaire as their first 
or second questionnaire were excluded (n = 71,210), leav-
ing a total of 101,316 women available for this analysis. 
This number included first questionnaires for sub-cohorts 
enrolled from 1996 to 1997 (response rate: 57%) and 2003 
to 2004 (response rate: 48%), and the second question-
naires, administered from 1998 to 1999, for sub-cohorts 
enrolled from 1991 to 1992. Thus, year at baseline ranged 
from 1996 to 2004. Women with prevalent cancer, those 
who died or emigrated before baseline, and those with 
extreme energy intakes (<2100 or >15,000 KJ/day) were 
excluded, leaving 96,869 cancer-free participants in the 
final study sample [see Figure S1 in Supplementary File].

Exposure Assessment and Construction
To capture overall lifestyle in one measure, relevant life-
style factors were combined into a HLI, which was a priori 
based on public health recommendations for cancer pre-
vention from the World Cancer Research Fund/American 
Institute for Cancer Research (WCRF/AICR)6 and current 
scientific knowledge. Thus, the HLI used for this analysis 
consisted of five modifiable lifestyle factors – physical 
activity level, body fatness, smoking status, alcohol con-
sumption, and diet – and each was assigned a score 
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ranging from 0 to 4, with higher scores indicating 
a healthier lifestyle. Physical activity level was reported 
by participants on a 10-point scale ranging from not active 
to very active, where participants were asked to consider 
the entirety of activity at work, outside work, at home, 
exercise, and other forms of physical activity. Since this 
measure could not be categorized by cancer guidelines or 
other measures of the dose of physical activity, physical 
activity level was scored by quintile (highest quintile = 4 
through to lowest quintile = 0). Body fatness was assessed 
by self-reported height (centimeters) and weight (kilo-
grams) to calculated body mass index (BMI, <23 = 4, 23 
to <25 = 3, 25 to <27 = 2, 27 to <30= 1, ≥30 = 0), smoking 
status was scored considering intensity and time since 
cessation (never smoker = 4, former smoker >10 years 
since cessation = 3, former smoker ≤10 years since cessa-
tion = 2, smoker <15 cigarettes/day = 1, current smoker 
≥15 cigarettes/day = 0), and alcohol consumption was 
recorded in grams/day (none = 4, >0 to <5 = 3, 5 to <10 
= 2, 10 to <20 = 1, >20 = 0). To quantify diet, a diet- 
specific score was generated, which ranged from 0 to 18, 
with 18 considered the healthiest diet. Six food groups 
were included in this score: whole grains, fruit, vegetables, 
dairy, red meat, and processed meat. Using the Norwegian 
Weight and Measurement Table,13 grams of intake per day 
were estimated for each food group based on the fre-
quency and portions reported in the FFQ. Each food 
group was adjusted for energy intake, by dividing grams 
of intake by daily energy intake, in millijoules (MJ). The 
energy-adjusted food groups were categorized into quar-
tiles and scored from 0 (lowest quartile) to 3 (highest 
quartile). Red and processed meat were scored in reverse 
order. The 18-point diet score was then divided into quin-
tiles for inclusion in the HLI (highest quintile = 4 through 
to lowest quintile = 0) (Table 1).

The scores for each lifestyle factor were summed to 
obtain the HLI score, which ranged from 0 to 20, with 

a score of 20 being considered the healthiest. Physical 
activity level,14 BMI,15 and the FFQ16,17 have been vali-
dated in the NOWAC study.

Outcome Assessment
Women diagnosed with incident cancer after baseline were 
identified through linkage to the Cancer Registry of 
Norway, based on codes from the International 
Classification of Diseases for Oncology, Third Edition 
(ICD-O-3):18 breast cancer [ICD-O-3 code C50], color-
ectal cancer [C18-20], lung cancer [C34], endometrial 
cancer [C54], ovarian cancer [C56], pancreatic cancer 
[C25], and kidney cancer [C64]. Breast, endometrial, and 
ovarian cancers were considered only among postmeno-
pausal women due to 1) known etiological and risk-factor 
profile differences between pre- and postmenopausal sta-
tuses and 2) inadequate numbers of premenopausal cancer 
cases. Information on emigration and mortality was 
obtained through linkage to the Norwegian National 
Population Register and the national Cause of Death 
Registry, respectively. The end of the follow-up was 
15 December 2018.

Statistical Analysis
Descriptive statistics were computed using means and 
standard deviations or medians and interquartile ranges, 
depending on distribution. Cox proportional hazard regres-
sion models were used to estimate hazard ratios (HRs) and 
95% confidence intervals (CIs) for associations between 
the HLI score and the incidence of postmenopausal breast, 
colorectal, lung, postmenopausal endometrial, postmeno-
pausal ovarian, pancreatic, and kidney cancer. Age was 
used as the underlying time-scale,19 whereby study entry 
was defined as age at baseline or age at menopause for 
postmenopausal breast, endometrial, and ovarian cancer 
models if the participant was not postmenopausal at base-
line. Women were categorized as postmenopausal if they 

Table 1 Healthy Lifestyle Index Scoring System Combining Five Lifestyle Factors Additively

Score Physical Activity Level  
(10-Point Scale)

BMI Smoking Status Alcohol Consumption (g/Day) Diet  
(0–18 Score)

0 1–3 ≥30 Current, ≥15 cig/day ≥20 0–6

1 4 27.0–29.9 Current, <15 cig/day 10.0–19.9 7
2 5 25.0–26.9 Former,<10yrs since cessation 5.0–9.9 8–9

3 6 23.0–24.9 Former,≥10yrs since cessation >0.0–4.9 10

4 7–10 <23 Never 0 11–18

Abbreviations: BMI, body mass index; g/day, grams per day; cig/day, cigarettes smoked per day; yrs, years.
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reported that their menstruation had stopped, reported use 
of hormone replacement therapy, or if they were ≥53 years 
of age, to maintain consistency with previous publications 
from the NOWAC study20,21 and the Million Women 
Study.22 Exit time was defined as age at cancer diagnosis, 
death, emigration, or end of follow-up, whichever 
occurred first.

The HLI score was first modelled as a continuous 
variable to estimate HRs corresponding to a one-point 
increase in the score. Categorical analyses were also car-
ried out by dividing the HLI score into 4 groups (0–5 HLI 
group, 6–10 HLI group, 11–15 HLI group, and 16–20 HLI 
group), using the 11–15 HLI group as a reference. The 
proportional hazards assumption was assessed by 
Schoenfeld residuals.23 The reverse Kaplan–Meier method 
was used to calculate the median follow-up duration.24

The selection of covariates for adjusted models was 
done on a per-outcome basis, including known risk factors 
for the exposure, the outcome, or both.25 As such, all 
models were adjusted for education (years) and height 
(centimeters). Models for postmenopausal breast and post-
menopausal endometrial cancer were additionally adjusted 
for age at menarche (years), use of oral contraceptives 
(ever, never), parity (0, 1–2, >2), breastfeeding (cumula-
tive months 0, <12 months, ≥12 months), and use of 
hormone replacement therapy (current, former, never). 
Models for postmenopausal breast cancer were further 
adjusted for the history of breast cancer in first-degree 
relatives (yes, no). The above analyses were conducted 
on multiple imputed data (described later).

Nonlinear dose–response relationships between the 
HLI score and the incidence of the included cancer types 
were modelled with restricted cubic splines. The Akaike 
information criterion (AIC) was used to evaluate the num-
ber of knots and positioning for the best fit. Nonlinearity 
was assessed through visual inspection of plots and com-
parison of linear and nonlinear model AIC values.

Several sensitivity analyses were conducted using the 
HLI score as a continuous variable. To evaluate the driving 
contributions of each lifestyle factor to the overall 
observed associations, reduced models were created, each 
of which excluded one lifestyle factor from the HLI score, 
thus producing five separate, reduced models for each 
cancer type. The factor that was excluded from the HLI 
score was included as a confounder in their respective 
model, and HRs from these reduced models were com-
pared to those from the full models for each cancer type. 
This was conducted in both linear and nonlinear models in 

which the HLI was modelled as a continuous variable. 
Possible reverse causation was assessed by excluding can-
cer cases diagnosed within 2 years of baseline. To assess if 
underweight individuals captured by the healthiest BMI 
category biased associations for BMI to the null, those 
with BMI <18.5 were excluded. To assess whether the 
association with colorectal cancer was driven by differing 
associations of specific sites, associations were also ana-
lyzed separately for the incidence of colon and rectal 
cancer.

Multiple Imputation
Missing information among covariates was handled using 
multiple imputation (MI) using chained equations under 
the assumption that data were missing at random. All 
covariates required for analysis (lifestyle factors and 
potential confounders), cancer incidence, and the Nelson 
Aalen cumulative hazard estimator were included in the 
MI model. A fully conditional specification was applied, 
allowing the univariate imputation method and predictors 
set for each incomplete variable to be specified.26 Missing 
information was replaced with values from 20 MI datasets 
with five iterations.

MI was performed on physical activity (1–10 scale); 
weight; height; smoking status; current smoking intensity 
(number of cigarettes smoked per day on average); time 
since smoking cessation (year); alcohol consumption 
(ethanol); daily grams of whole grains, fruit, vegetables, 
dairy, red meat and processed meat; years of education; 
and age at menarche (missing >19%). The remaining 
covariates were complete and therefore only used for pre-
diction purposes. The HLI scores were then generated for 
each participant in all 20 MI datasets (96,869 participants 
× 20 datasets). HRs and 95% CIs were estimated by 
pooling estimates and standard errors from the 20 MI 
datasets using Rubin’s Rule to account for between impu-
tation variance.27 All data treatment and statistical ana-
lyses were conducted in RStudio Version 1.3.959 with 
R Version 4.0.3.28

Results
After a median follow-up of 20.0 years and 15.2 post-
menopausal years, there were 4286 postmenopausal 
breast, 1591 colorectal, 1416 lung, 1043 postmenopausal 
endometrial, 531 postmenopausal ovarian, 382 pancreatic, 
and 345 kidney cancer cases diagnosed. The majority 
(58%) of participants were in the 11–15 HLI group. 
The 0–5 HLI group was the least common (1%), while 
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the 6–10 (22%) and 16–20 HLI groups (19%) were 
evenly populated. The mean age was 51.6. Overall, 
49% of participants were relatively physically active 

(physical activity level ≥6). Mean BMI was 24.7, mean 
alcohol consumption was 1.98 g/day and the mean diet 
score was 9 (Table 2).

Table 2 Baseline Characteristics of Participants by Healthy Lifestyle Index (HLI) Group, NOWAC Cohort, N = 81,554, Complete- 
Case Analyses

HLI Group

All 0–5 6–10 11–15 16–20

Number of participants 81,554 878 17,847 47,435 15,394

Number of incident cancer cases
Postmenopausal breast 3397 39 825 2014 519

Colorectal 1213 18 281 715 199

Lung 1006 33 349 557 67
Postmenopausal endometrial 807 13 228 444 122

Postmenopausal ovarian 425 3 101 241 73

Pancreatic 284 4 102 136 42
Kidney 268 3 74 156 35

Physical activity level (% >6) 48.9 1.8 16.3 50.9 83.3

BMI, mean (SD) 24.7 (3.9) 30.4 (4.2) 27.4 (4.5) 24.4 (3.4) 22.4 (2.2)

Smoking status, %

Never 36.3 0.5 13.8 35.1 68.3
Former 34.9 14.4 34.7 38.1 26.6

Current 28.8 85.1 51.5 26.8 5.0

Alcohol consumption (g/day), median (IQ1, IQ3) 2.0 (0.4–5.3) 7.0 (2.0–12.2) 3.0 (1.0–7.9) 2.0 (0.6–5.3) 1.0 (0.0–2.9)

Diet score, median(IQ1, IQ3) 9 (7–11) 6 (6–8) 8 (6–9) 9 (8–10) 11 (9–12)

Age at baseline, mean(SD) 51.6 (6.4) 51.6 (5.6) 51.6 (6.2) 51.6 (6.4) 51.5 (6.7)

Height (cm), mean(SD) 166.3 (5.7) 166.2 (5.7) 166.2 (5.7) 166.2 (5.6) 166.4 (5.7)

Weight (kg), mean(SD) 68.4 (11.5) 84.1 (12.6) 75.6 (13.1) 67.4 (10.2) 61.9 (7.1)

Energy intake (KJ/day), mean(SD) 7076.9 (1900.3) 6602.5 (1853.6) 6747.9 (1806.3) 7096.3 (1866.1) 7425.8 (1982.3)

Education (years), mean(SD) 12.3 (3.4) 11.6 (3.1) 11.9 (3.3) 12.3 (3.4) 12.9 (3.6)

Age at menarche, mean(SD) 13.3 (1.4) 12.8 (1.4) 13.1 (1.4) 13.3 (1.4) 13.5 (1.4)

Oral contraception use (% ever) 54.3 59.5 58.4 54.3 48.9

Parity (%)

Nulliparous 8.5 11.2 8.9 8.3 8.5

1–2 53.4 55.6 56.8 53.5 48.9
3+ 38.2 33.2 34.4 38.3 42.5

Breastfeeding (%)
0 months 54.1 58.0 54.8 53.7 54.6

0–12 months 24.5 29.9 27.6 24.8 19.6

>12 months 21.4 12.2 17.6 21.5 25.8

Hormone replacement therapy use (%)

Never 66.7 58.1 62.5 66.5 72.3
Former 11.3 17.1 12.9 11.2 9.4

Current 22.0 24.8 24.6 22.2 18.3

Abbreviations: NOWAC, Norwegian women and cancer study; BMI, body mass index; SD, standard deviation; g/day, grams per day; IQ, interquartile; cig/day, cigarettes 
smoked per day; cm, centimetres; kg, kilograms; KJ, kilojoules.
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Results from the MI models (Table 3) showed that the 
magnitude and direction of the effects were similar to 
those observed in complete-case analyses [see Table S1 
in Supplementary File]. After adjustment for covariates, 
estimates from the linear analysis using MI data (Figure 1) 
showed HRs of 0.97 (95% CI: 0.96–0.98) for postmeno-
pausal breast cancer, 0.98 (95% CI: 0.96–1.00) for color-
ectal cancer, 0.86 (95% CI: 0.84–0.87) for lung cancer, 
0.93 (95% CI: 0.91–0.95) for postmenopausal endometrial 
cancer, 0.99 (95% CI: 0.96–1.02) for postmenopausal 
ovarian cancer, 0.92 (95% CI: 0.89–0.95) for pancreatic 
cancer, and 0.94 (95% CI: 0.91–0.97) for kidney cancer 
for every 1-point increase in HLI score. No considerable 
difference in HRs was observed for colon and rectal can-
cers (results not shown). When the HLI score was mod-
elled as a categorical variable, HRs for the 16–20 HLI 
group compared to the 11–15 HLI group were 0.83 (95% 
CI: 0.76–0.91) for postmenopausal breast cancer, 0.88 
(95% CI: 0.77–1.00) for colorectal cancer, 0.39 (95% CI: 

0.31–0.49) for lung cancer, 0.78 (95% CI: 0.64–0.94) for 
postmenopausal endometrial cancer, 0.94 (95% CI: 0.73– 
1.20) for postmenopausal ovarian cancer, 0.94 (95% CI: 
0.69–1.28) for pancreatic cancer, and 0.72 (95% CI: 0.52– 
1.00) for kidney cancer (Table 3).

Analyses of nonlinearity in associations demonstrated 
that AIC estimates were lowest for all outcomes, except 
for lung cancer incidence, when three knots at the percen-
tiles were applied, positioned at the defined HLI score 
boundaries (1, 20) and at the HLI score median (13), 
compared to four- and five-knot models positioned at 
percentiles or three-, four-, and five-knot models posi-
tioned at equal intervals [see Table S2 and Figure S2–8 
for plot comparisons in Supplementary File]. The AIC 
estimate was lowest when five knots positioned at the 
percentiles were applied to the lung cancer incidence 
model; however, there were visual indications of overfit-
ting [see Figure S4A in Supplementary File]. Therefore, 
three knots were applied for all outcomes. The resulting 

Table 3 Linear Associations Between Healthy Lifestyle Index (HLI) Score and Incidence of Common Cancer Types, NOWAC Cohort 
(1996–2018), N = 96,869

HLI score

0–5 6–10 11–15 16–20

Cases (N) Cases (N) Cases (N) Cases (N)

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Postmenopausal 41 907 2162 567

Breasta,b,c 1.13 (0.85–1.50) 1.12 (1.03–1.20) 1.00 (ref) 0.83 (0.76–0.91)

Colorectala 19 293 751 218

1.46 (0.95–2.26) 1.04 (0.92–1.19) 1.00 (ref) 0.87 (0.75–1.00)

Lunga 36 376 613 72

3.15 (2.29–4.34) 1.63 (1.45–1.84) 1.00 (ref) 0.39 (0.31–0.49)

Postmenopausal 13 248 473 128

Endometriala,b 1.60 (0.95–2.69) 1.39 (1.20–1.62) 1.00 (ref) 0.78 (0.65–0.94)

Postmenopausal 3 101 241 73

Ovariana,b 1.11 (0.46–2.67) 1.06 (0.86–1.33) 1.00 (ref) 0.94 (0.73–1.20)

Pancreatica 4 108 143 45

1.49 (0.57–3.91) 1.87 (1.48–2.37) 1.00 (ref) 0.94 (0.69–1.28)

Kidneya 3 79 163 37

1.26 (0.47–3.36) 1.28 (0.99–1.67) 1.00 (ref) 0.75 (0.53–1.04)

Notes: aResults from analyses conducted on multiple imputation data, adjusted for education and height. bAdditionally adjusted for age at menarche, use of oral 
contraceptives, parity, breastfeeding, and use of hormone replacement therapy. cAdditionally adjusted for family history of breast cancer in a first-degree relative. 
Abbreviations: NOWAC, Norwegian women and cancer study; N, number; HR, hazard ratio; CI, confidence interval.
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plots indicated nonlinearity for lung cancer incidence, with 
relatively linear decreases in incidence until reaching 
a plateau at an HLI score of approximately 16 
(Figure 2). Nonlinearity was also indicated for postmeno-
pausal breast cancer incidence, with a strengthening of the 
negative HR gradient at HLI scores above 13 compared to 
below. The plots for the incidence of colorectal, postme-
nopausal endometrial, pancreatic, and kidney cancer did 
not display indications of nonlinearity.

Exclusion of single lifestyle factors from HLI scores 
did not affect estimates of the incidence of postmenopau-
sal breast, colorectal, and postmenopausal ovarian cancer 
[see Table S3 in Supplementary File]. For lung cancer 
incidence, the HR increased to 1.02 (95% CI: 0.99–1.03) 
when smoking status was excluded, and the HR decreased 
to 0.78 (95% CI: 0.76–0.79) when BMI was excluded. For 
postmenopausal endometrial cancer incidence, the HR 
decreased to 0.89 (95% CI: 0.87–0.91) when smoking 
status was excluded, and the HR increased to 0.97 (95% 
CI: 0.95–0.99) when BMI was excluded. For pancreatic 
cancer incidence, the HR increased to 0.97 (95% CI: 0.93– 
1.01) when smoking status was excluded. For kidney 
cancer incidence, the HR increased to 0.96 (95% CI: 

0.92–1.00) when BMI was excluded. Among nonlinear 
models [see Figure S9–15 in Supplementary File], exclu-
sion of BMI and diet resulted in linear associations for 
postmenopausal breast cancer incidence. Exclusion of 
smoking status in the nonlinear lung cancer incidence 
model resulted in no association. Removal of cancers 
diagnosed within 2 years of baseline and excluding those 
with BMI <18.5 did not alter the results considerably 
(results not shown).

Discussion
In this Norwegian national prospective cohort study, we 
identified inverse associations between our a priori-defined 
HLI score and the incidence of all included cancer types, 
except for postmenopausal ovarian cancer. Our examina-
tions indicated that higher HLI scores were associated with 
lower lung cancer incidence, whereby there were smaller 
differences in lung cancer incidences among the healthiest 
participants. There were indications that differences in 
postmenopausal breast cancer incidence could be greater 
for women with HLI scores above the median (13). We 
consider our study population to have a high adherence to 

Figure 1 Forest plot of linear associations between healthy lifestyle index (HLI) score and incidence of postmenopausal breast, colorectal, lung, postmenopausal 
endometrial, pancreatic and kidney cancers, NOWAC (1996–2018), N = 96,869. HRs and 95% CIs correspond to a 1-point increase on the HLI score. Estimates were 
obtained from multiple imputation data, employed Cox proportional hazard regression, adjusted for education and height. 
Abbreviations: NOWAC, Norwegian women and cancer study; HR, hazard ratio; CI, confidence interval.
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healthy lifestyles, with 77% of participants having HLI 
scores above 10.

Postmenopausal Breast Cancer
The incidence of postmenopausal breast cancer decreased 
by 3% for every 1-point increase in HLI score, and our 

results suggest a nonlinear relationship, based on 
a comparison of AIC values. Visually, we observed that 
the inverse association was more pronounced at HLI 
scores above 13. Our linear estimate is consistent with 
the results of two other studies, which reported a 3% and 
4% decrease, respectively, in breast cancer incidence for 

Figure 2 Nonlinear associations between the healthy lifestyle index (HLI) score and incidence of postmenopausal breast, colorectal, lung, postmenopausal endometrial, 
pancreatic and kidney cancers, NOWAC (1996–2018), N = 96,869. Obtained by applying restricted cubic splines with three knots to the healthy lifestyle index (HLI) score 
from complete-case analysis data. All models (A-G) were adjusted for education and height. Models (A, D, and E) were additionally adjusted for age at menopause, use of 
oral contraceptives, parity, breastfeeding, and use of hormone replacement therapy. Model (A) was additionally adjusted for family history of breast cancer in a first-degree 
relative. 
Abbreviations: NOWAC, Norwegian women and cancer study; HLI, healthy lifestyle index; HR, hazard ratio.
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each 1-point increase in HLI score.29,30 Other studies on 
the association between a combined lifestyle measure and 
breast cancer incidence observed a lower incidence among 
those with healthier lifestyles.31–36 However, these studies 
are less comparable to ours due to the scoring system 
employed.

We also conducted multiple sensitivity analyses; each 
one excluded a different, single lifestyle factor from the 
HLI score. These analyses resulted in inverse associations 
that were similar to those observed in the main analyses, 
suggesting that no specific lifestyle factor drove the 
observed associations to the HLI score. BMI and diet 
were suggested as the main contributors to the nonlinear 
trend in the association, as a linear trend was observed 
when these factors were excluded. Previous publications 
from the NOWAC study have observed positive associa-
tions between BMI21 and smoking37 with cancer inci-
dence; however, there is no evidence from the NOWAC 
study that physical activity38 or food groups and dietary 
patterns39 are associated with postmenopausal breast can-
cer incidence. Lifestyle factors known to be associated 
with postmenopausal breast cancer in the NOWAC cohort, 
namely, BMI and smoking status, did not fully explain our 
observed association, suggesting that the additive effect of 
multiple healthy lifestyle factors is important for postme-
nopausal breast cancer prevention, even though some sin-
gle lifestyle factors are only weakly associated with cancer 
incidence.

Colorectal Cancer
We observed an inverse association between HLI score 
and colorectal cancer incidence, suggesting a 2% decrease 
in incidence for each 1-point increase in HLI score, and 
a 13% decrease in incidence when the 16–20 HLI group 
was compared to the 11–15 HLI group. Allowing for 
nonlinearity in the HLI indicated that the score was more 
strongly associated with cancer incidence among women 
with the highest HLI scores at baseline, similar to our 
observation for postmenopausal breast cancer risk. 
However, the large amount of uncertainty in the present 
study makes it difficult to establish a clear interpretation of 
this trend, and there are currently no other studies explor-
ing nonlinearity with which we could compare our results. 
Previous prospective studies that assessed the overall life-
style with a similar additive exposure score observed 
comparable effect estimates in linear models, but only 
with greater precision.40–42

Sensitivity analyses indicated that single lifestyle fac-
tors did not explain the inverse association we observed. In 
previous publications of the NOWAC study, clear associa-
tions were not observed between single lifestyle factors 
and colorectal cancer incidence.21,43–45 However, our 
results suggest that healthy lifestyle factors, in sum, are 
inversely associated, and thus, together, could reduce col-
orectal cancer incidence.

Lung Cancer
We observed a strong, inverse association with lung cancer 
incidence, with a 14% decrease in incidence for each 
1-unit increase in HLI score. This association plateaued 
at the upper end of HLI scores. To our knowledge, no 
other study has explored nonlinearity in the relationship 
between overall lifestyle and lung cancer incidence. 
Compared to our result, an inverse association of lesser 
magnitude was observed in the European Prospective 
Investigation into Cancer and Nutrition (EPIC) cohort, 
with a 9% decrease in the incidence of tobacco-related 
cancers for each 1-unit increase in a similarly constructed 
20-unit index.46 This difference in the observed associa-
tions could be explained by the fact that several cancer 
types were pooled in the EPIC analyses. In accordance 
with this study, a strong inverse association was also 
observed in a Chinese population;47 however, a 5-point 
HLI and categorical analysis were employed, and thus the 
strength of associations could not be compared.

Results from sensitivity analyses suggested that smok-
ing status fully explained the observed inverse association. 
We also observed that smoking status explained the pla-
teau in the nonlinear model. This is consistent with 
a consensus that smoking is the greatest contributor to 
lung cancer incidence48,49 in the NOWAC cohort and, by 
design, it is impossible for those with HLI scores above 17 
to be current smokers. A study employing American 
Cancer Society (ACS) recommendations, not including 
smoking, to construct a combined score also observed 
a null association with lung cancer incidence.36 However, 
when employing a combined exposure score based on 
WCRF/AICR recommendations in the EPIC cohort, 
researchers observed an inverse association between com-
bined lifestyle factors and lung cancer incidence without 
the influence of smoking. Since dietary factors are 
weighted heavily in the WCRF/AICR adherence score, 
carcinogenic effects from a high consumption of preserved 
and red meat may have been detected.50 We observed that 
a higher BMI was inversely associated with lung cancer 
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incidence, which is consistent with the “obesity 
paradox”.51 While reverse causation due to weight loss 
associated with the early stages of cancer was ruled out 
in our study, it is unclear whether the residual confounding 
effect of smoking cessation could explain the paradoxical 
observation.

Postmenopausal Endometrial Cancer
The incidence of postmenopausal endometrial cancer 
decreased by 7% for each 1-point increase in HLI score, 
with no indication of a departure from linearity. Our linear 
observations are highly consistent with previous studies. 
A 6% and 5% risk decrease per 1-unit increase in HLI, 
based on 20-unit indices similar to ours, was observed in 
cohorts from the United States52 and Canada.30 General 
adherence to WCRF/AICR and ACS lifestyle recommen-
dations was also inversely associated with endometrial 
cancer risk in prospective cohort studies.36,53

From sensitivity analyses, we observed that the HLI 
was still inversely associated with postmenopausal endo-
metrial cancer incidence when BMI was excluded from the 
HLI score, although to a lesser degree than in the main 
analyses. This suggests that BMI contributed considerably 
to the association, which is consistent with the known 
dose–response association between overweight/obesity 
and cancer risk in the NOWAC study21 and with the 
current consensus that higher BMI is a risk factor for 
postmenopausal endometrial cancer.54 Excluding smoking 
status from the HLI score strengthened the association, 
indicating that smoking was protective. While smoking 
confers risk for most non-communicable diseases, includ-
ing cancers, cardiovascular disease, and diabetes, its rela-
tionship with endometrial cancer risk appears to divert 
from this pattern.55 However, our results suggest that 
higher physical activity, lower alcohol consumption, heal-
thier diet, and especially lower BMI are, in sum, protective 
against postmenopausal endometrial cancer incidence. In 
line with this, higher physical activity levels20 and lower 
BMI21 have been associated with decreased postmenopau-
sal endometrial cancer incidence in the NOWAC cohort. 
Smoking habits, alcohol consumption, and aspects of diet 
have not been previously investigated with respect to 
endometrial cancer in the NOWAC study.

Postmenopausal Ovarian Cancer
We observed a null association between the HLI score 
and postmenopausal ovarian cancer incidence. There 
was no indication of a nonlinear trend in the 

association. Null associations between comparable 
HLI scores were also observed in cohorts from 
Canada,30 the United States52 and France.34 Cohort 
studies employing scores based on WCRF/AICR and 
ACS recommendations also observed null 
associations.36,53 As such, there is little evidence in 
the published literature that overall lifestyle is asso-
ciated with ovarian cancer incidence, compared to the 
stronger associations observed for the other cancers we 
explored.

Sensitivity analyses indicated that no single lifestyle 
factor suppressed the association. In the NOWAC cohort, 
ever smoking was not differentially associated with ovar-
ian cancer incidence across histological subtypes and 
invasiveness,56 nor was BMI21 or physical activity57 

observed to be associated with overall ovarian cancer. 
This lends further evidence to a minimal or absence of 
association between lifestyle factors and ovarian cancer 
incidence in the NOWAC cohort. However, heterogeneity 
in the etiology of ovarian cancer subtypes may have atte-
nuated the magnitude and reduced the precision of esti-
mates. This should be investigated further in the NOWAC 
cohort and other populations.

Pancreatic Cancer
Pancreatic cancer incidence decreased by 8% for each 
1-point increase in HLI score, with no indication of 
a departure from linearity in the association. To our 
knowledge, two studies on overall lifestyle and pan-
creatic cancer have been conducted. Naudin et al58 

observed a similar association in the EPIC cohort 
when employing a 20-unit HLI comparable to ours: 
risk decreased by 21% for each 3-unit increase in the 
HLI score, corresponding to a decrease of approxi-
mately 7% per 1-unit increase. In an American cohort, 
Jiao et al59 also observed an inverse association: com-
pared to the lowest HLI score – 0, the highest score – 
5 – was associated with a 58% decrease in pancreatic 
cancer incidence.

Sensitivity analyses indicated that smoking status 
fully explained the inverse association we observed 
between the HLI score and pancreatic cancer incidence. 
However, Naudin et al58 observed that healthier life-
styles, in addition to smoking habits, were associated 
with decreased pancreatic cancer incidence in the EPIC 
cohort. Indeed, obesity and alcohol consumption are 
also known risk factors for pancreatic cancer, although 
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smoking is recognized as the primary modifiable risk 
factor.60 It is possible that we did not observe these 
associations due to a lack of power or our choice of 
body fatness measure, since weight gain, not baseline 
BMI, has been strongly associated with pancreatic can-
cer risk in the NOWAC cohort.21

Kidney Cancer
Kidney cancer incidence decreased by 6% for each 1-point 
increase in HLI score, with no indication of departure from 
linearity in the association. To our knowledge, there are no 
published studies that have examined the association 
between a similar combined score to ours and kidney 
cancer incidence to which we can compare our observa-
tions. While two other studies based on WCRF and ACS 
recommendation adherence scores also observed inverse 
associations, their combined score did not include 
smoking.36,53

Our sensitivity analyses demonstrated that BMI was 
a strong contributor, in comparison to the other lifestyle 
factors included the HLI, to the inverse association 
observed in the main analyses. Indeed, higher BMI has 
been associated with kidney cancer incidence in the 
NOWAC study.21 Although smoking is a well-established 
risk factor for kidney cancer,61 there was no evidence that 
it was an especially strong contributor to the association in 
our study, nor has it been studied as a single risk factor for 
kidney cancer in the NOWAC study previously. The 
assessment of other single lifestyle factors in relation to 
kidney cancer has not been undertaken in the NOWAC 
study, and these factors, such as physical activity and 
alcohol consumption, are emerging as important protective 
or risky behaviors.61 Nevertheless, there is evidence from 
the present study to suggest that the sum of considered 
lifestyle factors, not just BMI, are important for kidney 
cancer prevention.

Public Health Implications and 
Interpreting a Combined Exposure
The associations between single lifestyle factors and the 
incidence of different cancer types have been thoroughly 
examined in previous publications from the NOWAC 
study. In the present report, we provide an alternate 
approach for assessing risk, by combining several relevant 
lifestyle factors into an additive exposure score, as well as 
exploring linear and nonlinear associations. Given the 
representativeness of the NOWAC cohort to the 

Norwegian population,62 we can reasonably suggest that 
the majority of Norwegian women have high HLI scores, 
with 77% of the NOWAC cohort scoring above 10. 
Although these women can be considered healthy, our 
observations suggest that, regardless of baseline HLI 
score, healthier overall lifestyle, and thus greater adher-
ence to public health recommendations, is protective 
against postmenopausal breast colorectal, lung, postmeno-
pausal endometrial, pancreatic and kidney cancer. While 
our findings indicated no added benefit of healthy beha-
viors, besides smoking reduction for lung and pancreatic 
cancer, these combined behaviors had a meaningful pro-
tective impact on the incidence of postmenopausal breast, 
postmenopausal endometrial, postmenopausal ovarian, and 
kidney cancers. Further, limitations in our data may have 
rendered the remaining associations, without the contribu-
tion of smoking, undetectable.

The use of an additive exposure score provides a more 
holistic assessment of modifiable risk factors compared to 
single risk factors, as lifestyle behaviors co-exist. We 
therefore constructed an a priori index based on tangible 
increments of lifestyle behaviors, as far as our data would 
allow. With the aim of simplicity, we chose to apply 
a single, additive index across several cancer types, as 
this approach offered ease of interpretation, reproducibility 
across cancer types and populations,63 and effective public 
health messaging. Our results demonstrate that the HLI 
score is a valuable representation of combined lifestyle 
factors when evaluating the effects of several modifiable 
lifestyle factors in a population-based study. For example, 
the HLI score made it possible to determine whether an 
overall healthy lifestyle was protective of colorectal can-
cer, when individual lifestyle factors did not show such 
associations in the NOWAC cohort.

However, the use of our HLI has its challenges, given 
the inevitable loss of information that occurs when com-
bining factors into an additive score. We were unable to 
discern which lifestyle factors specifically contributed to 
the risk difference at a specific HLI score, nor whether 
a reduction in one risky behavior could offset the increase 
in another.7 The additive score also assumes linearity in its 
unit increments, whereas equal distance between units on 
the HLI may not represent proportional increments of 
a behavior.

Strengths
The main strengths of this study are its prospective design, 
large sample size, long follow-up time, and linkage to 
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national registries. An assessment of the external validity 
of the NOWAC study concluded that the NOWAC cohort 
is adequately representative of Norwegian women.62 

Recruitment through random sampling within the Central 
Population Register of Norway minimized sampling bias. 
Although education levels in the NOWAC cohort are 
somewhat higher than the national average, there were 
no considerable differences in cancer incidence or lifestyle 
factors compared to national reports.62 As such, we can 
assume that the distribution of participants across HLI 
scores in the NOWAC study represents the distribution 
of Norwegian women. Linkage to registries allowed us to 
be highly confident in the ascertainment of all incident and 
prevalent cancer cases. Further, MI was used to avoid 
potential bias created by listwise deletion and to conserve 
sample size.26

Limitations
This study also has several limitations. Given that lifestyle 
information is self-reported, it is possible that exposure 
misclassification introduces bias in our estimates of asso-
ciation. It has been widely acknowledged that research 
participants tend to underreport their food intake, alcohol 
consumption, and weight, and overreport variables like 
height.64 Although these tendencies were confirmed in 
a NOWAC study that compared energy and alcohol con-
sumption in the FFQ to repeated 24-hour dietary recalls, 
the FFQ still performed well on ranking high and low 
consumers.17 As such, the dietary component of the HLI, 
which scored participants based on relative intake of food 
groups, is expected to have achieved an adequate ranking.

Underreporting of weight was also confirmed in 
a NOWAC validation study, in which the largest tendency 
to underreport occurred among overweight women, and 
the largest degree of underreporting occurred among obese 
women.15 Our risk estimates may thus be attenuated due to 
misclassification of BMI. It is also possible that waist 
circumference or waist–hip ratio are more accurate indi-
cators of body fatness, and thus metabolic risk, than 
BMI,65 suggesting that stronger associations may have 
been observed if waist circumference or waist–hip ratio 
were used. The physical activity report measure was not 
informed directly by questions pertaining to dose (inten-
sity, frequency, and duration of physical activity). 
Therefore, differences in physical activity may not have 
been fully captured, resulting in attenuated estimates. 
Nevertheless, the physical activity measure demonstrated 
an adequate Spearman’s rank correlation coefficient in the 

range of 0.36–0.46 with objective criteria in the validation 
study and is considered relevant to rank the physical 
activity levels at a population level.14

We did not have information on family history of 
colorectal, endometrial, pancreatic, and kidney cancers. 
Due to this and other unmeasured variables, residual con-
founding may be introduced. Lastly, the models used in 
this study assumed that lifestyle exposures at baseline 
were held constant until the participants were censored. 
Potential changes in lifestyle may be relevant for assessing 
the relationship between combined lifestyle factors and 
cancer incidence.

Conclusion
This is the first prospective study to examine the linear and 
nonlinear relationship between combined lifestyle factors 
and the incidence of common cancers in a Norwegian 
population. Based on our results, healthier lifestyle, as 
assessed by the HLI score, was associated with lower 
incidence of postmenopausal breast, colorectal, lung, post-
menopausal endometrial, pancreatic, and kidney cancer 
among women, although the magnitude and linearity var-
ied. The adoption of an overall healthy lifestyle should 
therefore have a considerable impact on decreasing the 
cancer burden among women. Limiting smoking is the 
single most important component of the overall lifestyle 
for minimizing lung and pancreatic cancer incidence.

Ethics and Consent
The NOWAC study has been given appropriate approval 
for collection and handling of questionnaire data by the 
Regional Committee for Medical and Health Research 
Ethics (REK) (reference: REK NORD 141/2008) and the 
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Figure S1. Flow chart of study participants in the Norwegian Women and Cancer Study (NOWAC)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOWAC participants 

N = 172,526 

Not administered 8-

paged questionnaire 

N = 71,210 

Died prior to registration  

N = 13 

Emigrated prior to registration  

N =  3 

Analytical sample 

N = 96,869 

Prevalent cancer at baseline  

N = 4431 



HLI score

0-5 6-10 11-15 16-20 Continuous 

Cases (N) Cases (N) Cases (N) Cases (N) Cases (N)

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Postmenopausal breast
a,b,c

39 825 2014 519 3397

1.05 (0.77-1.45) 1.08 (1.00-1.18) 1.00 (ref) 0.82 (0.75-0.91) 0.97 (0.96-0.98)

Colorectal
a

18 281 715 199 1213

1.46 (0.91-2.33) 1.07 (0.93-1.23) 1.00 (ref) 0.86 (0.73-1.01) 0.98 (0.96-1.00)

Lung
a

33 349 557 67 1006

3.30 (2.33-4.70) 1.67 (1.46-1.92) 1.00 (ref) 0.38 (0.29-0.49) 0.85 (0.83-0.87)

Postmenopausal endometrial
a,b

13 228 444 122 807

1.67 (0.96-2.90) 1.40 (1.19-1.64) 1.00 (ref) 0.84 (0.69-1.03) 0.93 (0.91-0.95)

Postmenopausal ovarian
a,b

3 101 241 73 425

0.67 (0.21-2.10) 1.11 (0.88-1.40) 1.00 (ref) 0.91 (0.70-1.19) 0.99 (0.96-1.02)

Pancreatic
a

4 102 136 42 284

1.72 (0.64-4.65) 2.03 (1.57-2.63) 1.00 (ref) 0.93 (0.65-1.32) 0.91 (0.88-0.95)

Kidney
a

3 74 156 35 268

1.06 (0.34-3.34) 1.26 (0.96-1.67) 1.00 (ref) 0.72 (0.50-1.03) 0.93 (0.90-0.97)

a
Employed Cox proportional hazard regression models, adjusted for education and height

b
Additionally adjusted for age at menarche, use of oral contraceptives, parity, breastfeeding, and use of hormone replacement therapy.

c
Additionally adjusted for family history of breast cancer in a first-degree relative

Abbreviations: HR = hazard ratio, CI = confidence interval

Table S1. Associations between the healthy lifestyle index (HLI) score and the incidence of common cancer types in the 

Norwegian Women and Cancer Study (NOWAC), 1996-2018,  complete-case analysis 



This section displays Akaike’s information criteria (AIC) values and plots generated for Cox proportional
hazards regression models to estimate the associations between the HLI score, modelled as a nonlinear term,
and incidences of common cancer types in the NOWAC cohort (1996-2018) on complete-case analysis data.
Restricted cubic splines (RCS) were employed to model the HLI as a nonlinear term, where terms modelled
with three, four, and five knots located at the percentiles have been tested. AIC values and plots of linear
associations are also included for comparison.

Table S2. AIC values for linear and nonlinear models (3-5 RCS knots) among common cancer types

Postmenopausal
breast Colorectal Lung

Postmenopausal
endometrial

Postmenopausal
ovarian PancreaticKidney

5
knots

72488.83 25154.07 20430.72 17099.34 8888.43 5759.57 5603.20

4
knots

72486.92 25152.04 20433.95 17100.08 8886.32 5759.52 5602.23

3
knots

72484.97 25150.12 20431.63 17099.16 8885.36 5758.14 5600.22

Linear 72486.99 25149.02 20444.73 17097.21 8884.21 5757.35 5598.73
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All of the following plots use the HLI score of 5 as the reference. Hazard ratios (HRs) are present on the
vertical axes and HLI scores are present on the horizontal axes. Shaded regions represent 95% confidence
intervals.

Figure S2. Postmenopausal breast cancer
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Figure S3. Colorectal cancer
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Figure S4. Lung cancer
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Figure S5. Postmenopausal endometrial cancer
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Figure S6. Postmenopausal ovarian cancer
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Figure S7. Pancreatic cancer
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Figure S8. Kidney cancer

0.0

0.5

1.0

1.5

2.0

2.5

5 10 15 20

HLI score

H
R

5 knotsa

0.0

0.5

1.0

1.5

2.0

5 10 15 20

HLI score

H
R

4 knotsb

0.0

0.5

1.0

1.5

5 10 15 20

HLI score

H
R

Linearc

8

Rectangle



HR (95% CI)
a

Postmenopausal breast
c,d,e

HLI
b

0.97 (0.96-0.98)

HLI excluding physical activity level 0.97 (0.95-0.98)

HLI excluding BMI 0.96 (0.95-0.98)

HLI excluding smoking status 0.97 (0.96-0.98)

HLI excluding alcohol consumption 0.97 (0.96-0.98)

HLI excluding diet 0.96 (0.95-0.97)

Colorectal
c

HLI
b

0.98 (0.96-1.00)

HLI excluding physical activity level 0.97 (0.95-0.99)

HLI excluding BMI 0.98 (0.96-1.00)

HLI excluding smoking status 0.99 (0.97-1.01)

HLI excluding alcohol consumption 0.98 (0.97-1.00)

HLI excluding diet 0.98 (0.96-1.00)

Lung
c

HLI
b

0.86 (0.84-0.87)

HLI excluding physical activity level 0.83 (0.82-0.85)

HLI excluding BMI 0.78 (0.76-0.79)

HLI excluding smoking status 1.01 (0.99-1.03)

HLI excluding alcohol consumption 0.86 (0.85-0.83)

HLI excluding diet 0.81 (0.80-0.83)

Postmenopausal endometrial
c,d

HLI
b

0.93 (0.91-0.95)

HLI excluding physical activity level 0.93 (0.91-0.96)

HLI excluding BMI 0.97 (0.95-0.99)

HLI excluding smoking status 0.89 (0.87-0.91)

HLI excluding alcohol consumption 0.92 (0.90-0.94)

HLI excluding diet 0.93 (0.91-0.95)

Postmenopausal ovarian
c,d

HLI
b

0.99 (0.96-1.02)

HLI excluding physical activity level 0.98 (0.94-1.01)

HLI excluding BMI 0.98 (0.95-1.01)

HLI excluding smoking status 1.01 (0.97-1.04)

HLI excluding alcohol consumption 0.99 (0.96-1.02)

HLI excluding diet 1.00 (0.96-1.03)

Pancreatic
c

HLI
b

0.92 (0.89-0.95)

HLI excluding physical activity level 0.90 (0.87-0.94)

HLI excluding BMI 0.91 (0.87-0.94)

HLI excluding smoking status 0.97 (0.93-1.01)

HLI excluding alcohol consumption 0.91 (0.88-0.95)

HLI excluding diet 0.90 (0.86-0.93)

Table S3. Linear associations between the healthy lifestyle index (HLI) 

score excluding, in turn, each lifestyle factor, and the incidence of 

common cancer types in the Norwegian Women and Cancer Study (1996-

2018)



Kidney
c

HLI
b

0.94 (0.91-0.97)

HLI excluding physical activity level 0.94 (0.90-0.98)

HLI excluding BMI 0.96 (0.92-1.00)

HLI excluding smoking status 0.94 (0.91-0.98)

HLI excluding alcohol consumption 0.92 (0.89-0.96)

HLI excluding diet 0.93 (0.89-0.97)

Abbreviations: HR = hazard ratio, CI = confidence interval, BMI = body 

mass index

b 
Estimates for HLI (including physical activity level, BMI, smoking status, 

alcohol consumption, and diet) in the full model also appear in Table 3. of 

main article

a 
HRs correspond to 1-point increase on the HLI score, performed on 

multiple imputed data

c
Employed Cox proportional hazard regression models, adjusted for 

education and height

d
Additionally adjusted for age at menarche, use of oral contraceptives, 

parity, breastfeeding, and use of hormone replacement therapy.

e
Additionally adjusted for family history of breast cancer in a first-degree 

relative



Figure S9. Postmenopausal breast cancer incidence and its association with HLI score excluding single
lifestyle factors. Models are adjusted for education, height, age at menarche, ever use of oral contraceptives,
parity, breastfeeding, using of hormone replacement therapy, and history of breast cancer n a first-degree
relative. The shaded regions represent the 95% confidence intervals and the reference HLI score is set to 5.
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FreeText
This section displays results from sensitivity analyses conducted on associations with the HLI modelled as a
nonlinear term using restricted cubic splines (RCS) with three knots in the NOWAC cohort (1996-2018) on
complete-cases analysis data. Single lifestyle factors were excluded from the HLI score, creating ﬁve reduced
models. Thus, ﬁve estimated associations were obtained for each cancer outcome. Here, we visualise these
results in plots.
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Figure S10. Colorectal cancer incidence and its association with HLI score excluding single lifestyle factors.
Models are adjusted for education and height. The shaded regions represent the 95% confidence intervals
and the reference HLI score is set to 5.
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Figure S11. Lung cancer incidence and its association with HLI score excluding single lifestyle factors.
Models are adjusted for education and height. The shaded regions represent the 95% confidence intervals
and the reference HLI score is set to 5.
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Figure S12. Postmenopausal endometrial cancer incidence and its association with HLI score excluding single
lifestyle factors. Models are adjusted for education, height, age at menarche, ever use of oral contraceptive,
parity, breastfeeding, use of hormone replacement therapy. The shaded regions represent the 95% confidence
intervals and the reference HLI score is set to 5.
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Figure S13. Postmenopausal ovarian cancer incidence and its association with HLI score excluding single
lifestyle factors. Models are adjusted for education, height, age at menarche, ever use of oral contraceptive,
parity, breastfeeding, use of hormone replacement therapy. The shaded regions represent the 95% confidence
intervals and the reference HLI score is set to 5.
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Figure S14. Pancreatic cancer incidence and its association with HLI score excluding single lifestyle factors.
Models are adjusted for education and height. The shaded regions represent the 95% confidence intervals
and the reference HLI score is set to 5.
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Abbreviations: HR = hazard ration, BMI = body mass index
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Figure S15. Kidney cancer incidence and its association with HLI score excluding single lifestyle components.
Models are adjusted for education and height. The shaded regions represent the 95% confidence intervals
and the reference HLI score is set to 5.
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Abstract 
Background Cancer is a leading cause of premature death worldwide and incidence is expected to rise in the com-
ing decades. Many cohort studies, measuring lifestyle factors at one time-point, have observed that overall healthy 
lifestyles were inversely related to cancer incidence. However, there is little knowledge on the impact of lifestyle 
modification within adulthood.

Methods Using the Norwegian Women and Cancer study, two repeated self-reported assessments of lifestyle behav-
iours were used to calculate healthy lifestyle index scores at each time-point (N = 66 233). The associations between 
change in healthy lifestyle index score and lifestyle-related cancer incidence, including alcohol-, tobacco-, obesity-, 
and reproductive-related, and site-specific breast and colorectal cancer incidence were estimated using Cox propor-
tional hazard regression models. To assess nonlinearity in the dose–response relationships, restricted cubic spline 
models were used.

Results Independent of baseline lifestyle, positive lifestyle changes were inversely related to the incidence of overall 
lifestyle-related cancers, as well as alcohol-related, tobacco-related, obesity-related, and reproductive-related cancers, 
but not breast and colorectal site-specific cancers. An association between lifestyle worsening and cancer incidence 
compared to stable lifestyle was observed.

Conclusions This study provides evidence that overall lifestyle changes among cancer-free women between the 
ages of 41 and 76 impact the incidence of many cancer types. Regardless of baseline lifestyle, there was a negative 
dose–response relationship between magnitude of positive lifestyle change and the incidence of overall lifestyle-
related cancers. We observed that underlying this trend was an especially clear association between lifestyle worsen-
ing and increased risk compared to stable lifestyle. For adult women, maintaining a stable healthy lifestyle and lifestyle 
improvement are important for preventing the occurrence of many cancer types.
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Background
Cancer is a major public health concern. As a leading 
cause of premature death worldwide [1] and projected to 
surpass premature deaths caused by cardiovascular dis-
eases, the cancer burden is and will be devastating. !e 
International Agency for Research on Cancer (IARC) 
estimated 19.3 million new cancer cases in 2020. Due to 
population growth and aging, the predicted number of 
new cancer cases will increase by 47% from 2022 to 2040 
[2]. An increase in the prevalence of unhealthy lifestyle 
behaviours will intensify this burden.

Based on evidence collected primarily in high-income 
countries, approximately 40% of cancer cases are pre-
ventable [3]. Studies focused on individual lifestyle fac-
tors from baseline assessments constitute much of the 
evidence linking key modifiable factors, including lack 
of physical activity levels, overweight and obesity, smok-
ing, alcohol intake, and poor dietary habits, to increased 
cancer risk [4]. !e assumption that lifestyle measured 
at one time point during adulthood will be maintained 
throughout time is pervasive and indeed pragmatic in 
epidemiology. Prevention strategies rightfully seek to 
shift populations towards healthy behaviours throughout 
the life course. However, the estimates of risk difference 
founding this public health engagement lacks an impor-
tant dimension – the impact of lifestyle modification 
within adulthood of the individual.

For single risk factor changes during adulthood, smok-
ing cessation is perhaps the most established lifestyle 
modification known to prevent especially lung and upper 
aerodigestive tract cancers [5, 6]. Weight gain is associ-
ated with higher risk of postmenopausal breast and endo-
metrial cancer according to several studies [7–9], but the 
results are inconsistent with respect to other cancers and 
weight loss [7, 10, 11]. Improved and stable cardiorespi-
ratory fitness is inversely associated with overall cancer 
incidence compared to reduced cardiorespiratory fitness 
[12]. In the prospective Norwegian Women and Cancer 
Study (NOWAC), increased physical activity over assess-
ments collected 6 to 8  years apart was inversely associ-
ated with only colon cancer risk [13]. Alcohol cessation 
has been shown to be associated with lower risk of sev-
eral cancers [14–16], yet studies investigating the impact 
of graded changes in alcohol intake are few and incon-
clusive [17, 18]. To our knowledge, there are no studies 
exploring the association between changes in dietary 
habits alone and cancer risk. However, a randomised 
study observed that smoking cessation combined with 
dietary intervention reduced the risk of lifestyle-related 
cancers among men at high risk for cancer [19]. Chang-
ing several lifestyle factors has only been investigated in 
one additional study, observing that Swedish women who 
maintained or improved their lifestyle were at lower risk 

for lifestyle-related cancer compared to those who had 
consistently poor lifestyle [17]. However, the study did 
not include diet, which is an important element of life-
style as it relates to cancer risk [4].

More evidence is required to understand the impact of 
lifestyle changes, involving individual and combined fac-
tors, on cancer risk. In this study the association between 
changing several lifestyle factors combined during adult-
hood, as measured by the healthy lifestyle index (HLI) 
score, on lifestyle-related cancer incidence was investi-
gated in a cohort of Norwegian women.

Methods
Study sample and data collection
!e NOWAC study has been described in detail pre-
viously [20] and has been used to investigate a wide 
range of lifestyle factors and health outcomes. In brief, 
the NOWAC study is a nationwide, prospective cohort 
consisting of approximately 172 000 adult female par-
ticipants. Women invited to participate in the NOWAC 
study were randomly sampled from the Norwegian Cen-
tral Person Register between 1991 and 2007 in multi-
ple sub-cohorts. Consenting participants completed a 
self-administered questionnaire at enrolment and were 
invited to complete a maximum of three follow-up self-
administered questionnaires, where each questionnaire 
was distributed between 2 and 11 years apart. All ques-
tionnaires, including follow-up questionnaires, collected 
information on socio-demographic characteristics, 
reproductive and hormonal factors, self-reported health, 
physical activity level, height, weight, smoking habits, 
dietary habits, and family history of breast cancer. Ques-
tionnaires consisted of either 4 or 8 pages depending on 
the sub-cohort, with the 8-page questionnaire containing 
a detailed food frequency questionnaire (FFQ). !e first 
completed 8-page questionnaire was used as the baseline 
measurement for the present study (Q1) (Additional File 
1). !e subsequent completed 8-page follow-up ques-
tionnaire was used as the follow-up measurement (Q2) 
(Additional File 2). Participants that did not complete at 
least two 8-page questionnaires were excluded. In this 
study, Q1 was administered from 1996 to 2004 and Q2 
was administered from 2002 to 2014.

!e Norwegian personal identity number assigned 
to every resident of Norway and its linkage to the Can-
cer Registry of Norway, Cause of Death Register, and 
National Population register allowed for complete fol-
low-up for all participants. Women who had died (n = 3), 
emigrated (n = 2) or had been diagnosed with cancer 
(n = 5018) before Q2 were excluded (see Additional File 
3 for sample flow chart). A total of 66 233 participants 
were included in the analysis where 44 403 participants 
had complete information on lifestyle factors at two 
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timepoints. !e timeline of the final sample is shown in 
Fig. 1.

Assessing lifestyle change
A healthy lifestyle index (HLI) was used to quantify over-
all lifestyle quality at Q1 and Q2. !e construction of the 
HLI score in the NOWAC cohort was presented previ-
ously [21]. Briefly, the HLI used for this analysis consisted 
of five modifiable lifestyle factors – physical activity level, 
body fatness assessed by BMI (kg/m2), smoking behav-
iour, alcohol consumption (grams/day), and a dietary 
score. Physical activity level was reported by participants 
on a 1 to 10 scale ranging from not active to very active, 
where participants were asked to consider the entirety 
of activity at work, outside work, at home, exercise, and 
other forms of physical activity. Smoking behaviour was 
measured by smoking status, time since cessation for for-
mer smokers, and current number of cigarettes smoked 
per day. Each lifestyle factor was assigned a score rang-
ing from 0 to 4, which were summed to a total HLI score 
that ranged from 0 to 20, where higher scores indicated a 
healthier lifestyle. See Additional File 4 for details on HLI 
construction. !e HLI score change was the difference 
between HLI score at Q2 and Q1, where positive score 
changes represented lifestyle improvement and negative 
score changes represented lifestyle worsening.

Outcome ascertainment
Follow-up time began at the end of Q2 and lasted until 
December 2018. Date of death and emigration were 
obtained through linkage to the Central Population 
Registry of Norway. Cancer diagnosis and date of diag-
nosis were obtained through linkage to the Cancer Reg-
istry of Norway based on codes from the International 

Classification of Diseases, Tenth Revision (ICD-10). !e 
present study investigated all cancers considered to be 
lifestyle-related, constituting this study’s total cancer 
cases, and several cancer subgroupings including alco-
hol-related, tobacco-related, obesity-related, and repro-
ductive-related cancers based on the IARC monograph 
on known causes and prevention by organ site (Addi-
tional File 5) [22]. Breast and colorectal cancer incidence 
were also investigated separately.

Statistical analysis
Cox proportional hazards regression model, with age as 
the time scale, was used to estimate hazard ratios (HR) 
and 95% confidence intervals (CI). Age at entry was par-
ticipants’ age at Q2 and age at exit was age at cancer diag-
nosis, death, emigration, or age in 31 December 2018, 
whichever occurred first. Associations were estimated 
between continuous (per 1 SD increase) and categorical 
change in HLI score and incidence of alcohol-related, 
tobacco-related, obesity-related, breast- and reproduc-
tive-related, and lifestyle-related cancer incidence. Seven 
categories for HLI score change were used: ≤ 3, 2, and 1 
point decrease, stable, 1, 2, and ≥ 3 point increase. !e 
proportional hazards assumption was tested using Sch-
oenfeld residuals. Potential non-linear associations were 
tested with restricted cubic splines, modelled with three 
knots located at the predictor minimum and maximum, 
and the remaining at the equidistant percentile  (50th), as 
recommended by Harrell [23]. Likelihood ratio tests were 
used to compare goodness of fit between non-linear and 
linear models.

!e confounders included in the models were based 
on previous literature and determined a priori. !ey 
included education (years), height (centimetres), HLI 

Fig. 1 Timing of data collections and start of follow-up for the analytical sample, N = 66 233, Norwegian Women and Cancer Study (NOWAC)
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score at Q1 (continuous) and calendar year at Q2 (con-
tinuous). Alcohol-related, obesity-related, reproductive-
related, breast, and lifestyle-related cancer models were 
additionally adjusted for age at menarche (years), meno-
pausal status (premenopausal/postmenopausal), breast-
feeding (cumulative months 0, <  = 12, > 12  months), 
hormone replacement therapy use (current, former, 
never), oral contraceptive use (ever, never), parity (0, 
1–2, > 2), and history of breast cancer in first degree rela-
tives (yes, no). Perimenopausal women were considered 
premenopausal. Women missing on menopausal status 
were reported as postmenopausal if age 53 or older at the 
time of Q2.

!e associations between individual index compo-
nents, modelled as single lifestyle factor scores (contin-
uous), and all outcomes were estimated using the same 
outcome-based adjustment sets described above. All sin-
gle lifestyle factor scores were included in the model as 
they were the exposures of interest and mutually adjusted 
for one another. Correlation between HLI score changes 
across years between Q1 and Q2 was assessed with the 
Pearson correlation coefficient.

Sensitivity analysis
To assess the contribution of each lifestyle factor to the 
associations between HLI score change (continuous) and 
cancer outcomes, the scores for physical activity, BMI, 
smoking, alcohol, and diet were excluded, one by one, 
from the HLI. Potential period effects were tested by 
performing analysis within two stratified enrolment year 
groups (1996–98, 2002–04) detailed in Fig. 1. !e pres-
ence of effect modifications by age at Q1, age at Q2, and 
Q1 HLI score categories (HLI score 0–11, 12–13, 14–15, 
16–20) were tested by modelling interaction terms and 
comparing models including the interaction term to 
the model without the interaction term using the likeli-
hood ratio test. !e first two years of follow-up time 
were excluded to test the impact of intentional or unin-
tentional lifestyle changes due to morbid conditions, 
included pre-diagnosed cancer. !e association between 
HLI change and all remaining cancers (not lifestyle-
related) was estimated to test the viability of the lifestyle-
related cancer grouping.

Multiple imputation
Missing data among variables constituting the HLI score 
at Q1 and/or Q2, and covariates for 21 830 participants 
were handled by multiple imputation chained equations 
(MICE) under the assumption that data were missing at 
random [24]. All covariates included in the cancer models 
and the Nelson Aalen cumulative hazard estimator were 
included in the MICE model. MICE analysis employed 
fully conditional specification, whereby each incomplete 

variable was modelled iteratively by a series of multivari-
able regression models [25]. A total of 100 datasets were 
generated with 10 iterations each. Parameter estimates 
in the Cox models from each imputed dataset were aver-
aged through the Rubin’s rule [26] to account for uncer-
tainty in the MICE models to impute missing values. 
Model parameters were also estimated in complete-case 
analyses. Descriptive statistics for each imputed variable 
were compared between observed and imputed values. 
Convergence of MICE models were assessed by visual 
inspection of plots of the mean HLI score change against 
iteration number for each MI dataset (not shown).

All data treatment and statistical analysis were con-
ducted in RStudio Version 1.2.959 with R Version 4.0.3 
[27]. All statistical hypotheses were tested two-sided, 
allowing a Type I error rate of 5%.

Results
At the start of follow-up (Q2), the mean age was 
58.2 years, 46% of participants reported a physical activ-
ity level ≥ 6 on the NOWAC 1–10 scale, mean BMI was 
25.4 (kg/m2), 20.7% were current smokers, median daily 
intake of alcohol was 2.09  g/day (mean: 4.0  g/day; IQR: 
0.6, 5.8), the median expanded diet score was 9, and 
the median HLI score was 13 (Table 1). !e mean time 
between Q1 and Q2 was 7  years (range: 2 – 11) with a 
mean HLI score change of -0.2 (range: -11 to 14). !ere 
was no correlation between the number of years between 
Q1 and Q2 and HLI score change (r = -0.06). !e largest 
proportion of participants exhibited an HLI score differ-
ence of zero (17.2%), followed by decrease of three points 
(16.1%), decrease of one point (16.0%), increase of one 
point (15.2%), decrease of two points (12.7%), increase of 
three points (12.3%), and increase of two points (10.5%). 
!e distributions of HLI change scores within Q1 HLI 
groups (Q1 HLI score group 0–11, 12–13, 14–15, 16–20) 
were different across Q1 HLI groups, reflecting the con-
straints of maximum and minimum change on the HLI 
and thus the probability distribution (Additional File 6).

!e median follow-up time was 14.2  years during 
which 6 384 lifestyle-related cancer cases occurred, 
reflecting the total number of cancer cases. Within 
overlapping cancer groupings, there were 3 512 alcohol-
related, 2 931 tobacco-related, 4 788 obesity-related, 3 
385 reproductive-related, 2 384 breast, and 839 colorectal 
cancer cases that occurred.

!e estimates obtained from MICE data models were 
within ± 5% of those obtained from complete-case data 
models for continuous exposure models and demon-
strated a similar trend for categorical exposure models 
(see complete-case results in Additional File 7). !ere-
fore, all presented estimates were obtained from MICE 
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Table 1 Characteristics of the study population at the start of follow-up (Questionnaire 2) according to healthy lifestyle index score 
change in the Norwegian Women and Cancer Study (N = 66,233)

HLI score change

Total 
(N = 66,233)

Decrease 
3 or more 
(N = 7169)

Decrease 2 
(N = 5636)

Decrease 1 
(N = 7099)

Stable 
(N = 7638)

Increase 1 
(N = 6743)

Increase 2 
(N = 4673)

Increase 
3 or more 
(N = 5445)

Missing, N 
(%)

Age(years) 58.2 (6.3) 57.2 (5.9) 57.3 (6.0) 57.2 (5.9) 57.3 (6.0) 57.3 (6.1) 57.4 (6.2) 57.3 (6.0) 0(0)

Education 
(years)

12.3 (3.5) 12.5 (3.4) 12.7 (3.4) 12.6 (3.4) 12.7 (3.5) 12.6 (3.4) 12.6 (3.4) 12.5 (3.4) 3471 (5%)

HLI score at 
Q2, median 
(IQR)

136 (11, 15) 10 (9, 12) 12 (10, 14) 13 (10, 14) 13 (11, 15) 14 (12, 15) 14 (12, 16) 14 (13, 16) 16,343 (25%)

Physical 
activity score 
change

0.1 (1.4) -1.2 (1.3) -0.5 (1.1) -0.2 (1.1) 0.1 (1.0) 0.5 (1.1) 0.8 (1.1) 1.5 (1.3) 11,969 (18%)

BMI score 
change

-0.3 (0.8) -0.7 (0.8) -0.5 (0.7) -0.4 (0.7) -0.2 (0.7) -0.1 (0.7) -0.0 (0.7) 0.2 (0.8) 3713 (6%)

Smoking 
score change

0.1 (0.5) -0.0 (0.6) 0.0 (0.5) 0.1 (0.5) 0.1 (0.5) 0.1 (0.5) 0.2 (0.5) 0.3 (0.6) 5939 (9%)

Alcohol score 
change

-0.1 (0.7) -0.4 (0.7) -0.2 (0.7) -0.2 (0.6) -0.1 (0.6) -0.0 (0.6) 0.0 (0.6) 0.2 (0.7) 2920 (4%)

Diet score 
change

0.0 (1.6) -1.5 (1.4) -0.8 (1.2) -0.4 (1.2) 0.1 (1.1) 0.6 (1.2) 1.0 (1.2) 1.6 (1.3) 6914 (10%)

Height (cm) 166.0 (5.7) 166.2 (5.7) 166.4 (5.7) 166.1 (5.6) 166.3 (5.7) 166.2 (5.6) 166.3 (5.7) 166.4 (5.6) 1705 (3%)

Physical 
activity level 
(> = 6)a, N 
(%)

30,391 (46%) 2182 (30%) 2457 (44%) 2457 (44%) 4262 (56%) 4064 (60%) 3041 (65%) 3956 (73%) 8572 (13%)

Body mass 
index (kg/
m2)

25.4 (4.2) 26.3 (4.1) 25.7 (4.1) 25.5 (4.1) 25.1 (4.1) 25.1 (4.2) 24.9 (4.1) 25.0 (4.1) 2633 (4%)

Smoking 
status, N (%)

2913 (4%)

 Never 22,653 (34%) 2475 (35%) 2189 (39%) 2726 (38%) 3007 (39%) 2550 (38%) 1724 (37%) 1650 (30%)

 Former 26,942 (41%) 2986 (42%) 2263 (40%) 2907 (41%) 3090 (40%) 2751 (41%) 2012 (43%) 2687 (49%)

 Current 13,725 (21%) 1708 (24%) 1184 (21%) 1466 (21%) 1541 (20%) 1442 (21%) 937 (20%) 1108 (20%)

Alcohol 
intake (g/day)

4.0 (5.0) 5.1 (5.8) 4.5 (5.2) 4.4 (5.3) 4.2 (4.9) 4.0 (4.9) 3.9 (4.5) 3.8 (4.6) 3387 (5%)

Diet score 
(0–18)

8.8 (2.5) 7.3 (2.3) 8.0 (2.4) 8.5 (2.5) 9.0 (2.5) 9.3 (2.3) 9.6 (2.2) 9.9 (2.1) 4786 (7%)

Postmeno-
pausal, N (%)

52,110 (79%) 5415 (76%) 4270 (76%) 5346 (75%) 5798 (76%) 5048 (75%) 3528 (75%) 4111 (76%) 0(0)

Age at 
menarche 
(years)

13.3 (1.4) 13.2 (1.4) 13.3 (1.4) 13.3 (1.4) 13.3 (1.4) 13.3 (1.4) 13.3 (1.4) 13.3 (1.4) 921 (1%)

Hormone 
replacement 
therapy 
status, N (%)

0(0)

 Never 45,276 (68%) 4970 (69%) 3865 (69%) 4924 (69%) 5260 (69%) 4521 (67%) 3158 (68%) 3640 (67%)

 Former 6852 (10%) 705 (10%) 546 (10%) 650 (9%) 737 (10%) 705 (10%) 479 (10%) 550 (10%)

 Current 14,105 (21%) 1494 (21%) 1225 (22%) 1525 (21%) 1641 (21%) 1517 (22%) 1036 (22%) 1255 (23%)

Oral contra-
ceptive ever 
use, N (%)

35,451 (54%) 4205 (59%) 3262 (58%) 3993 (56%) 4344 (57%) 3823 (57%) 2669 (57%) 3143 (58%) 0(0)

Parity, N (%) 0(0)

 0 5411 (8%) 576 (8%) 475 (8%) 580 (8%) 611 (8%) 585 (9%) 398 (9%) 465 (9%)

 1–2 34,666 (52%) 3825 (53%) 2987 (53%) 3850 (54%) 4149 (54%) 3667 (54%) 2524 (54%) 3056 (56%)
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data models, except for those in figures displaying HLI 
score change modelled with restricted cubic splines, 
where estimates from complete-case data models were 
described.

After adjusting for covariates, for every 1 SD increase 
in HLI score change, the HR was 0.93 (95% CI: 0.90–0.96) 
for lifestyle-related cancers, 0.96 (95% CI: 0.91–0.99) 
for alcohol-related cancers, 0.92 (95% CI: 0.88–0.96) 
for tobacco-related cancers, 0.94 (95% CI: 0.91–0.98) 
for obesity-related cancers, 0.90 (95% CI: 0.84–0.98) for 
reproductive-related cancers, 0.96 (95% CI: 0.91–1.01) 
for breast cancer, and 0.98 (95% CI: 0.90–1.07) for colo-
rectal cancer (Table  2). When the HLI score change 
was modelled using restricted cubic splines, there were 
no indications of nonlinearity (all p-values > 0.05) in 
the adjusted associations for all lifestyle-related cancers 
(Fig. 2) nor for all other outcomes (Additional File 8).

Decreased HLI scores appeared to be statistically sig-
nificant associated with an increased incidence of life-
style-related cancer, while increased HLI scores were 
not (Fig. 2). !ese results were reflected in the categori-
cal analysis of HLI score change, where decreases of 
three or more HLI units were associated with a HR of 
1.16 (95%CI: 1.05–1.27) and increases of three or more 
HLI units were associated with a HR of 0.93 (95% CI: 
0.84–1.03).

When individual lifestyle factors were excluded one 
by one, most associations changed less than 5% com-
pared to associations with the HLI including all five 
lifestyle factors, with some exceptions (Table  2). For 
tobacco-related cancer incidence, the HR increased by 

6.5% to 0.98 (95% CI: 0.94–1.03) when smoking was 
removed from the HLI and decreased by 5.4% to 0.87 
(95% CI: 0.83–0.91) when BMI was removed from the 
HLI. For reproductive-related cancer incidence, the 
HR increased by 8.9% to 0.98 (95% CI: 0.90–1.06) when 
BMI was removed from the HLI and increased by 5.6% 
to 0.95 (95% CI: 0.88–1.02) when physical activity was 
removed from the HLI.

In the analysis of individual HLI factors, the HR for 
physical activity score change (per 1 unit increase) was 
0.96 (95% CI: 0.94–0.98) for lifestyle-related cancer inci-
dence and 0.94 (95% CI: 0.89–0.99) for reproductive-
related cancer incidence. !e HR for BMI score change 
(per 1 unit increase) was 0.96 (95% CI: 0.92–0.99) for 
obesity-related cancers and 0.86 (95% CI: 0.79–0.94) for 
reproductive-related cancers. !e HR for smoking score 
change (per 1 unit increase) was 0.94 (95% CI: 0.88–1.00) 
for tobacco-related cancer incidence. !e HR for alco-
hol score change (per 1 unit increase) was 0.94 (95% CI: 
0.89–0.99) for alcohol-related cancers and 0.94 (95% CI: 
0.88–1.00) for breast cancer incidence.

Tests for interaction for age at Q1, age at Q2, and Q1 
HLI score category with HLI score change were not sig-
nificant in adjusted models (all p-values > 0.05). When 
stratified on enrolment year, there was less than 5% 
change in estimates compared to the estimate obtained 
in the main analysis. !e estimate for lifestyle-related 
cancer incidence was unchanged when excluding the 
first two years of follow-up. !ere was a null association 
observed between HLI score change and non-lifestyle-
related cancer incidence (HR: 1.02; 95% CI: 0.96, 1.09).

Values are mean (SD) unless otherwise speci"ed
a  Presents the physical activity level on the NOWAC 1–10 scale

Table 1 (continued)

HLI score change

Total 
(N = 66,233)

Decrease 
3 or more 
(N = 7169)

Decrease 2 
(N = 5636)

Decrease 1 
(N = 7099)

Stable 
(N = 7638)

Increase 1 
(N = 6743)

Increase 2 
(N = 4673)

Increase 
3 or more 
(N = 5445)

Missing, N 
(%)

  > 2 26,156 (39%) 2768 (39%) 2174 (39%) 2669 (38%) 2878 (38%) 2491 (37%) 1751 (37%) 1924 (35%)

Cumulative 
breastfeed-
ing duration 
(months), 
N (%)

0(0)

 0 34,402 (52%) 3950 (55%) 3229 (57%) 4063 (57%) 4351 (57%) 3827 (57%) 2696 (58%) 3023 (56%)

  <  = 12 16,797 (25%) 1622 (23%) 1251 (22%) 1585 (22%) 1716 (22%) 1599 (24%) 1116 (24%) 1350 (25%)

  > 12 15,034 (23%) 1597 (22%) 1156 (21%) 1451 (20%) 1571 (21%) 1317 (20%) 861 (18%) 1072 (20%)

Family history 
of breast 
cancer in the 
first degree, 
N (%)

5180 (8%) 559 (8%) 421 (7%) 570 (8%) 571 (7%) 506 (8%) 366 (8%) 385 (7%) (0)
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Table 2 Associations between healthy lifestyle index score change and lifestyle-related, alcohol-related, tobacco-related, obesity-
related, reproductive-related, breast, and colorectal cancer incidence in the Norwegian Women and Cancer Study (n = 66,233), 
imputed analysis

All models were adjusted for education (years), height (centimetres), HLI score at Q1 (continuous), and calendar year at Q2 (continuous)
a Models additionally adjusted for age at menarche (years), menopausal status (premenopausal/postmenopausal), breastfeeding (cumulative months 0, <  = 12, > 12), 
hormone replacement therapy use (never/former/current), oral contraceptive use (never/ever), parity (0, 1–2, > 2), and history of breast cancer in a "rst degree relative 
(yes/no)
b Baseline HLI score was adjusted by separately adjusting for HLI score at Q1 excluding the factor in question and the individual factor score at Q1
c Mutually adjusted for all single factor HLI score changes and single factor HLI scores at Q1

Alcohol-related cancers including sites: upper aerodigestive [C01-C10], pharynx [C11-C14], esophagus [C15], colorectum [C18-C20], liver [C22-C24], larynx [C32], 
breast [C50],

Tobacco-related cancers including sites: upper aerodigestive [C01-C10], pharynx [C11-C14], esophagus [C15], stomach [C16], colorectum [C18-C20], liver [C22-C24], 
pancreas [C25], accessory sinus [C31], larynx [C32], trachea [C33], lung [C34], breast [C50], cervix [C53], ovarian [C56], kidney [C64-C66], bladder [C67], acute myeloid 
leukemia [C92]

Obesity-related cancers including sites: esophagus [C15], stomach [C16], colorectum [C18-C20], liver [C22-C24], pancreas [C25], breast [C50], uterine [C54-C55], 
ovarian [C56], kidney [C64-C66], thyroid [C73], multiple myeloma [C90],

Reproductive-related cancers including sites: vulva [C51] vagina [C52], cervix [C53], uterine [C54-C55], ovarian [C56], other female genital organs [C57-C58]

Lifestyle-
related cancer 
incidencea

Alcohol-
related cancer 
incidencea

Tobacco-
related cancer 
incidence

Obesity-
related cancer 
incidencea

Reproductive-
related cancer 
incidencea

Breast cancer 
incidencea

Colorectal 
cancer 
incidence

Cases 6354 3512 2931 4788 3385 2384 839

Continuous 
HLI score 
change

1-SD (2.6 HLI 
points) increase

0.93(0.90–0.96) 0.96(0.91–0.99) 0.92(0.88–0.96) 0.94(0.91–0.98) 0.90(0.84–0.98) 0.96(0.91–1.01) 0.98(0.90–1.07)

Categorical 
HLI score 
change

 <  = -3 1.16(1.05–1.27) 1.06(0.94–1.20) 1.27(1.10–1.45) 1.10(0.99–1.22) 1.21(0.96–1.54) 1.01(0.86–1.18) 1.23(0.94–1.61)

-2 1.10(0.99–1.23) 1.10(0.96–1.26) 1.13(0.97–1.31) 1.09(0.97–1.22) 1.14(0.88–1.48) 1.09(0.92–1.29) 1.07(0.78–1.44)

-1 1.03(0.93–1.13) 1.02(0.90–1.15) 1.08(0.94–1.25) 1.00(0.90–1.11) 1.04(0.81–1.33) 0.99(0.85–1.16) 1.10(0.84–1.45)

0

1 0.99(0.89–1.09) 0.97(0.85–1.10) 1.06(0.92–1.23) 0.97(0.87–1.08) 0.93(0.72–1.20) 0.93(0.79–1.05) 1.09(0.82–1.44)

2 0.96(0.86–1.07) 0.98(0.85–1.12) 1.02(0.87–1.18) 0.96(0.86–1.08) 0.88(0.66–1.17) 0.95(0.80–1.13) 1.10(0.81–1.49)

 >  = 3 0.93(0.84–1.03) 0.92–0.81–1.05) 0.98(0.85–1.14) 0.92(0.82–1.03) 1.00(0.78–1.29) 0.89(0.75–1.05) 1.13(0.85–1.50)

HLI score 
change 
excluding one 
factorb

1-SD increase

Excluding 
physical activity

2.0 0.95(0.93–0.98) 0.97(0.93–1.00) 0.94(0.91–0.98) 0.96(0.93–0.99) 0.95(0.88–1.02) 0.97(0.93–1.02) 0.98(0.90–1.06)

Excluding BMI 2.4 0.92(0.89–0.95) 0.95(0.91–0.99) 0.87(0.83–0.91) 0.96(0.93–0.99) 0.98(0.90–1.06) 0.96(0.91–1.01) 0.97(0.88–1.06)

Excluding 
smoking

2.5 0.95(0.92–0.98) 0.96(0.92–1.00) 0.98(0.94–1.03) 0.94(0.91–0.97) 0.87(0.81–0.94) 0.95(0.91–1.00) 1.00(0.92–1.09)

Excluding 
alcohol

2.5 0.93(0.90–0.96) 0.97(0.93–1.01) 0.92(0.88–0.96) 0.95(0.92–0.98) 0.89(0.82–0.96) 0.97(0.93–1.02) 0.99(0.91–1.08)

Excluding diet 2.0 0.93(0.90–0.96) 0.96(0.92–1.00) 0.93(0.89–0.97) 0.94(0.91–0.98) 0.90(0.84–0.97) 0.95(0.91–1.00) 0.98(0.90–1.07)

Single HLI 
factorsc

1-unit increase 
(score 0–4)

Physical activity 
score change

0.96(0.94–0.98) 0.98(0.95–1.01) 0.97(0.93–1.00) 0.98(0.95–1.00) 0.94(0.89–0.99) 0.97(0.94–1.01) 1.01(0.95–1.08)

BMI score 
change

0.98(0.95–1.02) 0.99(0.95–1.03) 1.04(0.99–1.09) 0.96(0.92–0.99) 0.86(0.79–0.94) 0.97(0.92–1.03) 1.03(0.93–1.13)

Smoking score 
change

0.98(0.93–1.03) 1.02(0.95–1.09) 0.94(0.88–1.00) 1.02(0.96–1.07) 1.08(0.95–1.24) 1.02(0.94–1.11) 0.97(0.84–1.12)

Alcohol score 
change

0.98(0.95–1.02) 0.94(0.89–0.99) 1.00(0.94–1.06) 0.97(0.93–1.02) 1.06(0.96–1.18) 0.94(0.88–1.00) 0.97(0.86–1.08)

Diet score 
change

0.99(0.97–1.01) 0.99(0.97–1.02) 0.99(0.97–1.02) 1.00(0.98–1.02) 1.00(0.95–1.05) 1.00(0.96–1.03) 1.00(0.95–1.06)
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Discussion
In this study, lifestyle change was assessed by evaluat-
ing healthy lifestyle index scores at two timepoints that 
were on average 7  years apart for 66 233 Norwegian 
women in the period 1996–2014. Most participants did 
not report major lifestyle differences between baseline 
and follow-up, where approximately 38% of participants 
registered an HLI score improvement. We observed that 
lifestyle change equivalent to a 1 SD increase in HLI 
score change was associated with 7% lower incidence for 
lifestyle-related cancers, 4% lower incidence for alcohol-
related cancers, 8% lower incidence for tobacco-related 
cancer, 6% lower incidence for obesity-related cancers, 
and 10% lower incidence for reproductive-related can-
cers. !ere was a 4% reduced incidence of breast cancer, 
although the 95% CI for the HR was 0.93 to 1.01. We did 
not observe an association between HLI score changes 
and colorectal cancer incidence. When evaluated as 
group comparisons, major lifestyle worsening corre-
sponding to a decline of three or more HLI score points 
from baseline to follow-up compared to no HLI score 
change was associated with a 16% higher risk of overall 
lifestyle-related cancer. Lifestyle improvement of three 
or more HLI score points was associated with a 7% lower 
risk of lifestyle-related cancer, although a null associa-
tion was also compatible with our data.

In general, lifestyle worsening was both more strongly 
and more likely associated with the incidence of total 
lifestyle-related cancers, tobacco-related cancers, obe-
sity-related cancers, and reproductive-related cancers 
compared to lifestyle improvement. We observed this 
from results modelling HLI score change as a continuous 
measure using restricted cubic splines and from model-
ling HLI score change as group comparisons. However, 
since there were no clear indications of nonlinearity from 
the restricted cubic spline models according to visual 
inspection, this suggests that the linear estimates are 
robust. Additionally, although we observed the strong-
est associations for lifestyle worsening, we cannot assert 
with any confidence that lifestyle improvement is not 
related to reduced cancer incidence considering the lack 
of published studies assessing the effects of changes in 
lifestyle factors in combination.

!ere are a small number of published studies inves-
tigating the effect of changes in lifestyle behaviours 
combined, as single factors or overall, on cancer inci-
dence. In a study conducted on a large cohort of Swed-
ish women, Botteri et  al. [17] observed that those who 
either improved their lifestyle or maintained their life-
style had a reduced risk of lifestyle-related cancers com-
pared to those who had consistently poor lifestyle [17]. 
However, as diet was not included in their HLI and their 

Fig. 2 Association between HLI score change modelled using restricted cubic splines and lifestyle-related cancer incidence
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assessment of lifestyle factor scores was different, more 
detailed comparison is challenging. A controlled inter-
vention of lifestyle among men at risk for coronary heart 
disease in Norway observed a 32% risk reduction after 
25 years of follow-up [19]. !e selected sample and con-
trolled design likely accounted for their stronger esti-
mates compared to ours.

No single lifestyle factor was indicated as solely respon-
sible for the HLI score change associations we observed. 
!erefore, in combination, changes in physical activity 
level, BMI, smoking habits, alcohol intake, and diet were 
related to cancer incidence. In the present study, physi-
cal activity score change was the only factor to demon-
strate a clear association with lifestyle-related cancer 
incidence in the single factor analysis. Increasing physical 
activity level has previously been related to lower cancer 
incidence among mid-life adults, although the sample 
was limited to Norwegian men [12]. Oyeyemi et al. [13] 
observed that, in NOWAC, physical activity level 
increase was associated with lower colon cancer risk, but 
not for colorectal cancer, which is consistent with our 
results. Further, only stable high physical activity levels 
were associated with lower colon cancer incidence in a 
large US cohort [28]. Consistent with observations from 
the Norwegian-Swedish Women’s Lifestyle and Health 
cohort, we did not observe an association between physi-
cal activity level change and breast cancer [29].

Several studies on BMI change – often equated with 
changes in weight – have identified that weight loss is 
associated with lower cancer risk [30–33]. However, 
weight loss has not been shown to influence cancer risk 
to the same degree or level of certainty as weight gain [7, 
32, 34, 35]. Considering that we have identified BMI as 
an important contributor to the association between con-
tinuous HLI score and cancer incidence, the weak asso-
ciations we observed between lifestyle improvement and 
lower cancer incidence are consistent with the literature 
on weight change. Unintentional weight loss as a pre-
diagnostic symptom of cancer has been suggested as an 
explanation for the little to no risk reduction observed 
among those who lost weight. While the present study 
did not observe a difference in estimates after conduct-
ing sensitivity analysis that excluded the first two years 
of follow-up, it is possible that unintentional weight loss 
due to morbid conditions, including cancer, can emerge 
earlier than two years before diagnosis.

!e benefits of smoking cessation for lung cancer [6], 
head and neck cancer [14], and oesophageal squamous 
cell carcinoma [36] risk reduction have been widely doc-
umented, and are consistent with our results.

We observed that alcohol was an important contributor 
to the HLI score change associations. Assessed as a single 
factor, increase in alcohol score change was associated 

with 6% lower incidence of alcohol-related cancers and 
breast cancer. A strong positive association between 
5-year alcohol consumption increase and breast cancer 
risk, but not for alcohol reduction was observed among 
postmenopausal Danish women [18]. !is supports our 
continuous estimate and could add weight to the poten-
tial lack of association between overall lifestyle improve-
ment and lower cancer incidence we observed. Unlike 
our observations, there were no observed associations for 
alcohol change and incidence of alcohol-related cancers 
or breast cancer in EPIC [17]. Alcohol cessation has been 
associated with the lower risks of laryngeal, pharyngeal, 
and oesophageal cancers [14, 16] supporting our results 
for alcohol-related cancer. Our observations support the 
recommendation to reduce alcohol intake for the preven-
tion of several types of cancer.

Diet had the least influence on lifestyle-related can-
cer incidence compared to other lifestyle factors, given 
almost unchanged estimates when it was removed from 
the index and markedly null estimates from the single 
factor analysis. To our knowledge, studies on dietary 
change and cancer risk at the individual level do not exist 
to provide comparison. However, this result is plausible 
given the lack of convincing evidence between some food 
groups included in the HLI and cancer incidence as sum-
marised by the WCRF/AICR Continuous Update Project 
in 2018 [4].

We investigated colorectal cancer incidence as a spe-
cific outcome due to its exceptionally high incidence 
among Norwegian women compared to that of neigh-
bouring and high-income countries [37]. Our study did 
not observe an association between lifestyle changes, in 
combination or among individual lifestyle factors, and 
colorectal cancer incidence. However, in general, the 
presence of strong and convincing associations between 
measured risk factors, whether at baseline or at multiple 
timepoints, and colorectal cancer continue to elude large 
population-based cohort studies in the Norwegian popu-
lation [7, 13, 38, 39]. Nevertheless, HLI at baseline and 
colorectal cancer risk were inversely associated among 
women in NOWAC [21] and EPIC [40]. !is may indicate 
that, in terms of lifestyle, healthy habits lived from the 
beginning of adulthood are most important for reduc-
ing colorectal cancer risk and/or that the true strength of 
association is so small that models are underpowered.

Lifestyle changes occurring among Norwegian women 
in their middle adult years during the period 1996 to 
2014 was likely driven by several phenomena, including 
changes that occurred due to societal shifts in attitudes 
and availabilities as well as intentional or uninten-
tional individual change. On average, NOWAC women 
reported increasing physical activity levels, increasing 
weight, reducing smoking, increasing alcohol intake, 
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and negligible dietary changes on the HLI from base-
line until follow-up. Considering this population in its 
context, we would expect smoking habits to be reduced 
given increasing tobacco restrictions through the 1990s 
and 2000s [41]. Weight increase with age, specifically in 
adult years, is a universal occurrence. Further, national 
trends have shown that alcohol intake habits among 
young Norwegian women have been increasing over 
the past half-century, thus impacting their habits later 
in adulthood [42]. Due to this, we would expect birth 
cohorts to undergo systematically different lifestyle 
changes and for risk to possibly manifest differentially. 
However, we did not observe different risk estimates for 
continuous or categorical models between subgroups 
recruited early or late in the sampling time, despite the 
wide variation in age, time between baseline and follow-
up, and calendar years. !is increases our confidence 
that our estimates reflect risk differences largely attrib-
utable to HLI score change.

!e findings from our study have major public health 
relevance. In this study, we provide evidence that overall 
lifestyle changes among cancer-free women between the 
ages of 41 and 76 impact the incidence of many cancer 
types. Importantly, the umbrella grouping of lifestyle-
related cancer covers nearly all the most frequent cancers 
currently diagnosed among adult Norwegian women, 
including cancers of the breast, lung, colon, and endome-
trium. To-date, risk differences for lifestyle change have 
seldom been assessed but are key to making informed 
policy decisions for how cancer can be prevented in the 
already adult segment of the population. !e importance 
of having a healthy baseline lifestyle is undeniable. How-
ever, our observations indicate that lifestyle changes over 
a period of five years during adulthood do impact cancer 
risk, regardless of baseline lifestyle. Further, our results 
emphasize the importance of avoiding lifestyle worsen-
ing. Considering that most Norwegian women in our 
cohort experienced negative HLI score changes, and thus 
lifestyle worsening, maintenance of lifestyle should be on 
the public health agenda.

Strengths
!e minimalism of the HLI enables a broader assess-
ment of lifestyle and an easy method for investigating 
lifestyle patterns and interaction between single fac-
tors. !e use of this simple, composite exposure seems 
to effectively capture an association between lifestyle 
change and cancer incidence. !is supports the use 
of the HLI as a composite exposure in epidemiologi-
cal studies given the public health aim to prevent the 
occurrence of cancer cases.

Additional strengths of this study include its large, 
nationally representative sample of women in Norway 

with comprehensive measurements of lifestyle factors 
and other important characteristics at two timepoints. 
!is data has enabled us to undertake, for the first time, 
an assessment of the effect of overall lifestyle changes – 
including physical activity level, BMI, smoking, alcohol, 
and diet – on cancer incidence. Linkage of participants to 
the national registries were instrumental in ensuring the 
follow-up of participants, including cancer case ascer-
tainment, death, and emigration.

Limitations
!ere were limitations to the measurement of lifestyle 
change as a numeric difference between the HLI score 
measured at two timepoints. Firstly, the data does not 
inform when the lifestyle change(s) took place beyond 
recognition of net change between baseline and follow-
up. Due to the long latency period of cancers, it is logi-
cal that changes occurring closer to baseline, and hence 
at a younger age, had a greater effect on the outcome 
compared to changes occurring closer to follow-up, or 
older age. Not being able to account for these differences 
likely biased our results to the null. Secondly, changes 
representing an increase in HLI score in one lifestyle fac-
tor concurrent with a decrease in HLI score in another 
would manifest as a major lifestyle change for the indi-
vidual, but as a net zero HLI score change. A real example 
is the known weight gain that follows smoking reduction. 
Indeed, we observed that weight loss was associated with 
a higher incidence of tobacco-related cancer. It is there-
fore possible that our estimates were attenuated in such 
situations given that both changes are unlikely to repre-
sent the same risk compared to no change.

Recall bias is a concern when data is self-reported 
as it can lead to misclassification error. In NOWAC, 
height tends to be overestimated and weight tends to 
be underestimated among participants with over-
weight and, to a greater extent, obesity [43]. We expect 
misclassification to have occurred non-differentially 
across cases and non-cases, thus likely only attenuat-
ing rather than biasing our estimates. Under-reporting 
of unhealthy foods and alcohol has been confirmed in 
the FFQ used by NOWAC [44]. However, the ranking 
of individuals’ intake was deemed adequate and the 
relative validity of the FFQ was observed to be in the 
same range as observed in other EPIC cohorts [44]. In 
addition, the FFQs were not identical at baseline and 
follow-up due to the addition of some food items to the 
follow-up FFQ that had become relevant for the Nor-
wegian diet after baseline [45]. Although adjustment 
for energy intake by means of nutrient densities to cal-
culate the diet score accounted for some of these dif-
ferences, dietary change was likely underestimated. We 
cannot exclude the presence of residual confounding 



Page 11 of 12Chen et al. BMC Public Health          (2023) 23:633  

bias in our risk estimates despite the adjustment of 
several risk factors. In addition, follow-up time may 
not have been long enough for the effects of lifestyle 
changes on cancer development/prevention to accrue.

Conclusions
!is study supports lifestyle intervention as cancer pre-
ventive action in the already adult segment of the popu-
lation. We provide evidence that overall lifestyle changes 
among cancer-free women between the ages of 41 and 
76 impact the incidence of many cancer types. !ere 
was a negative dose–response relationship between 
magnitude of positive lifestyle change and the incidence 
of overall lifestyle-related cancers, as well as alcohol-
related, tobacco-related, obesity-related, and reproduc-
tive-related cancers. We observed that underlying this 
trend was an especially clear association between lifestyle 
worsening and increased risk compared to stable lifestyle. 
!e prevention of lifestyle worsening, maintenance of 
healthy lifestyle, and lifestyle improvement, belong on the 
public health agenda if the predicted trajectory of cancer 
incidence is to be dismantled.
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I hvilken kommune har du bodd lengre enn ett år?
Kommune: Alder

1. Fødested: ........................................................Fra år til år

2 ........................................Fra år til år

3 ........................................Fra år til år

4 ........................................Fra år til år

5 ........................................Fra år til år

6 ........................................Fra år til år

7 ........................................Fra år til år

Kroppstype i 1. klasse. (Sett ett kryss)

veldig tynn tynn normal tykk veldig tykk
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KVINNER OG KREFT
Hvis du samtykker i å være med, sett kryss for JA i ruten ved siden av.
Dersom du ikke ønsker å delta kan du unngå purring ved å sette kryss
for NEI og returnere skjemaet i vedlagte svarkonvolutt.
Vi ber deg fylle ut spørreskjemaet så nøye som mulig.

Skjemaet skal leses optisk. Vennligst bruk blå eller sort penn.
Du kan ikke bruke komma, bruk blokkbokstaver.

Med vennlig hilsen
Eiliv Lund
Professor dr. med

KONFIDENSIELT

Jeg samtykker i å delta i JA

spørreskjemaundersøkelsen NEI

Høst 2003

Bruk av hormonpreparater
med østrogen i overgangsalderen

Har du noen gang brukt østrogentabletter/
plaster? .......................................................................................................................

Hvis Ja; hvor mange år har du brukt
østrogentabletter/plaster i alt? .............................................................................

Hvor gammel var du første gang du 
brukte østrogentabletter/plaster? .....................................................

Bruker du tabletter/plaster nå? .........................

Ja NeiHar du noen gang vært gravid?

Hvis Ja; fyll ut for hvert barn du har født opplysninger om fødsels-
år og antall måneder du ammet (fylles også ut for dødfødte eller for
barn som er døde senere i livet). Dersom du ikke har født barn, fort-
setter du ved neste spørsmål.

Forhold i oppveksten

Menstruasjonsforhold

Hvor gammel var du da du fikk menstruasjon første
gang?

Hvor mange år tok det før menstruasjonen ble
regelmessig?

Ett år eller mindre Mer enn ett år

Aldri Husker ikke

Har du regelmessig menstruasjon fremdeles?

Ja                   Har uregelmessig menstruasjon

Vet ikke (menstruasjon uteblitt pga. sykdom o.l.)

Bruk av hormonpreparat med østrogen

Nei

Hvis Nei;

har den stoppet av seg selv?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

operert vekk eggstokkene? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

operert vekk livmoren? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

annet?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Alder da menstruasjonen opphørte?

Graviditeter, fødsler og amming

Ja Nei

Barn Fødselsår Antall måneder
med amming

1

2

3

4

Barn Fødselsår Antall måneder
med amming

5

6

7

8

Hvor pålitelig anser du kildene nedenfor å være når
det gjelder informasjon om østrogenbehandling?

Lite Pålitelig Meget Vet ikke/
pålitelig pålitelig usikker

Allmenpraktiserende lege

Gynekolog

Apotek

Radio/TV

Ukeblader/aviser

Slekt/venninner

Ja Nei

Bruker du soyapreparater mot
plager i overgangsalderen? .................................................

Ja Nei

FreeText
Additional File 1.



Sykdom

Har du noen gang brukt 
hormonspiral (Levonova)? ............................................

Hvis Ja; hvor mange hele år har du brukt 
hormonspiral i alt? ........................................................................................................................

Hvor gammel var du første gang du fikk

innsatt hormonspiral?

Bruker du hormonspiral nå? ..................................

Kreft......................................................................................................................................

Høyt blodtrykk................................................................................................

Hjertesvikt/hjertekrampe ......................................................

Hjerteinfarkt........................................................................................................

Slag ......................................................................................................................................

Sukkersyke (diabetes)................................................................

Depresjon (oppsøkt lege)....................................................
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Ja Nei
Hvis ja:

Alder ved
start

Har du eller har du hatt noen av følgende sykdommer?

Østrogenpreparat til lokal bruk i skjeden

Har du noen gang brukt østrogen-
krem/stikkpille? ......................................................................................

Hvis Ja;
bruker du krem/stikkpille nå? ..............................

Ja Nei

Ja Nei

UTFYLLENDE SPØRSMÅL TIL ALLE SOM  HAR BRUKT
ELLER BRUKER PREPARATER MED  ØSTROGEN I FORM
AV TABLETTER ELLER PLASTER.

Hvis du har svart «nei» på spørsmålene om hormonbruk i over-
gangsalderen, kan du gå videre til spørsmålene under «P-
piller». Har du svart «ja», ber vi deg om å utdype dette nærmere
ved å svare på spørsmålene nedenfor. For hver periode med
sammenhengende bruk av samme hormonpreparat håper vi du
kan si oss hvor gammel du var da du startet, hvor lenge du bruk-
te det samme hormonpreparatet og navnet på dette. Dersom du
har tatt opphold eller skiftet merke, skal du besvare spørsmålene
for en ny periode. Dersom du ikke husker navnet på hormonpre-
paratet sett «usikker». For å hjelpe deg til å huske navnet på hor-
monpreparatene ber vi deg bruke den vedlagte brosjyre som
viser bilder av hormonpreparater som har vært solgt i Norge.
Vennligst oppgi også nummer på hormontabletten/plasteret som
står i brosjyren.

Hormonspiral

Ja Nei

Ja Nei

Har du brukt p-piller eller  
minipiller?................................................................................................................

Bruker du p-piller nå? ..............................................................

For p-pillebruk ønsker vi å få vite navnet på p-pillen, årstallet
du startet å bruke den og hvor lenge du brukte dette merket
sammenhengende. Dersom du har hatt opphold eller skiftet
merke start på ny linje. For å hjelpe deg å huske navnet ber vi
deg bruke den vedlagte brosjyren. Vennligst oppgi nummeret
på p-pillen.

P-pillebruk

1.

2.

3.

4.

5.

Alder ved Brukt samme hormon- Hormontablett/
start tablett/plaster/ plaster/ 

Sammenhengende (se brosjyre)
år måned Nr. Navn

Ja Nei

Ja Nei

Andre legemidler

Bruker du noen av disse legemidlene daglig nå?

Fontex, Fluoxetin ................................................................................

Cipramil, Citalopram ....................................................................

Seroxat, Paroxetin ............................................................................

Zoloft ..................................................................................................................................

Fevarin ..........................................................................................................................

Cipralex........................................................................................................................

Hvis Ja; hvor lenge har du brukt 
dette legemidlet sammenhengede?

Har du benyttet noen av disse 
legemidlene tidligere?

Hvis Ja; hvor lenge har du benyttet 
disse legemidlene i alt? 

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Måneder År

Ja Nei

Pe
rio

de

1.

2.

3.

4.

5.

6.

Alder ved Brukt samme hormon- Hormontablett/
start tablett/plaster/ plaster/ 

Sammenhengende (se brosjyre)
år måned Nr. NavnPe

rio
de

År



Se på TV ........................................

Lesing................................................

Håndarbeid/hobby ..............

Hagearbeid..................................

Dusj/bad/egenpleie ............

Antall sigaretter hver dag

Alder 0 1-4 5-9 10-14 15-19 20-24 25+

10-14

15-19

20-29

30-39

40-49

50+

Har noen nære slektninger hatt brystkreft? 

Datter
............................................................................

Mor
......................................................................................

Søster
............................................................................
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Brystkreft i nærmeste familie

Ja Nei Vet
ikke

Alder
ved start

Har du silikoninnlegg i brystene?

Hvis Ja;
hvor mange år har du hatt det? ..........................

Har du hatt silikoninnlegg tidligere?

Hvis Ja;
hvorfor fjernet du innlegget?  

Fysisk aktivitet

Ja Nei

Røyker du daglig nå?

Røykte noen av dine foreldre når 
du var barn?

Hvis Ja, hvor mange sigaretter røykte de 
til sammen pr. dag?

Selvopplevd helse

Oppfatter du din egen helse som; (Sett ett kryss)

Meget god God Dårlig Meget dårlig

Har du i løpet av livet røykt mer enn 
100 sigaretter til sammen? ..........................................

Ja Nei

Røykevaner

Hvor gammel var du da du tok din 
første sigarett?

Hvis Ja, ber vi deg om å fylle ut for hver aldersgruppe 
i livet hvor mange sigaretter du i gjennomsnitt røykte 
pr. dag i den perioden.

Alder Svært lite Svært mye

14 år

30 år

I dag

Vi ber deg angi din fysiske aktivitet etter en skala fra
svært lite til svært mye. Skalaen nedenfor går fra 1-10.
Med fysisk aktivitet mener vi både arbeid i hjemmet og i
yrkeslivet, samt trening og annen fysisk aktivitet som tur-
gåing o.l. Sett kryss over det tallet som best angir ditt
nivå av fysisk aktivitet.

Hvor høy er du?(i hele cm.) ..................................................................................

Hvor mye veide du da du var 18 år?(i hele kg.)

Hvor mye veier du i dag?(i hele kg.) ............................................

Høyde og vekt

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

1 2 3 4 5 6 7 8 9 10

Ja Nei

Ja Nei

Mammografiundersøkelse

Har du vært til undersøkelse av brystene med 
mammografi............................................................................................................

Hvis Ja;
hvor gammel var du første gangen? (hele år) ........................

Hvor mange ganger har du vært undersøkt?

-etter invitasjon fra Mammografiprogrammet................

-etter henvisning fra lege ..........................................................................................

-uten henvisning fra lege............................................................................................

Ja Nei

Hvor mange timer pr. dag i gjennomsnitt går eller
spaserer du utendørs?

sjelden mindre 1/2-1 time 1-2 timer mer enn
aldri enn 1/2 time 2 timer

Vinter

Vår

Sommer

Høst

Fritidsaktivitet Vinter Vår Sommer Høst

For hver av følgende aktiviteter du deltar i,
ber vi deg oppgi hvor mange minutter pr. dag
du bruker i gjennomsnitt til hver av aktivitetene.



Hvor mange glass melk drikker du vanligvis av hver
type? (Sett ett kryss pr. linje)

Helmelk (søt, sur)..................

Lettmelk (søt, sur) ................

Ekstra lettmelk ........................

Skummet (søt, sur) ............

Makrell i tomat,
røkt makrell

Kaviar

Sild/Ansjos

Laks (gravet/røkt)

Annet fiskepålegg

Hvor mange kopper kaffe/te drikker du vanligvis av
hver sort? (Sett ett kryss for hver linje)

Kokekaffe................

Traktekaffe............

Pulverkaffe ..........

Espresso o.l. ....

Svart te ......................

Grønn te ..................

Kvinner og Kreft 35, Høst 2003 O-032161 4

Aldri/sjelden

Kosthold

Påvirker noen av følgende forhold kostholdet ditt?
(sett gjerne flere kryss)

aldri/ 1-4 pr. 5-6  pr. 1  pr. 2-3 pr. 4+ 
sjelden uke uke dag dag pr.

dag

aldri/ 1-4 pr. 5-7  pr. 2-3 pr. 4-5 pr. 6+ 
sjelden uke uke dag dag pr.

dag

aldri/ 1-6 pr. 1  pr. 2-3 pr. 4-5 pr. 6-7 pr. 8+ 
sjelden uke dag dag dag dag pr.

dag

Hvor mange glass appelsinjuice, saft og brus drikker
du vanligvis? (Sett ett kryss for hver linje)

aldri/ 1-3 pr. 4-6 pr. 1 pr. 2-3 pr. 4+ pr.
sjelden uke uke dag dag dag

Appelsinjuice................................

Saft/brus med sukker ..

Saft/brus sukkerfri..............

aldri/ 1-3 pr. 4-6 pr. 1 pr. 2-3 pr. 4+  
sjelden uke uke dag dag pr.

dag

Hvor mange skiver brød/rundstykker og knekke-
brød/skonrokker spiser du vanligvis?
(1/2 rundstykke = 1 brødskive)  (Sett ett kryss for hver linje)

Grovt brød ........................................

Kneipp/halvfint ........................

Fint brød ..............................................

Knekkebrød o.l. ......................

0 pr. 1-3 pr. 4-6  pr. 1 pr. 2-3 pr. 4+ 
uke uke uke dag dag pr.

dag

Syltetøy ..................................................

Brun ost, helfet ..........................

Brunost,
halvfet/mager ................................

Hvitost, helfet ................................

Hvitost,
halvfet/mager ................................

Kjøttpålegg,
Leverpostei ......................................

Rekesalat, italiensk o.l.

Nedenfor er det spørsmål om bruk av ulike påleggstyper.
Vi spør om hvor mange brødskiver med det aktuelle
pålegget du pleier å spise. Dersom du også bruker mat-
varene i andre sammenhenger enn til brød (f. eks. til
vafler, frokostblandinger, grøt), ber vi om at du tar med
dette når du besvarer spørsmålene.

På hvor mange brødskiver bruker du? (Sett ett kryss pr. linje)

0 1 2-3 4-6 7-9 10+  
pr. uke pr.uke pr.uke pr.uke pr.uke pr.uke

På hvor mange brødskiver pr. uke har du i 
gjennomsnitt siste året spist? (Sett ett kryss pr. linje)

Hva slags fett bruker du vanligvis på brødet?
(Sett gjerne flere kryss)

Bruker ikke fett på brødet
Smør
Hard margarin (f. eks. Per, Melange)
Myk margarin (f. eks. Soft, Vita, Solsikke)
Smørblandet margarin (f.eks. Bremyk)
Brelett
Lettmargarin (f. eks. Soft light, Letta)
Middels lett margarin (f. eks. Olivero, Omega)Hvor ofte spiser du yoghurt (1 beger)? (Sett ett kryss)

1 pr. uke 2-3 pr. uke 4+ pr. uke
Dersom du bruker fett på brødet, hvor tykt lag pleier
du smøre på? (En kuvertpakke med margarin veier 12 gram).
(Sett ett kryss)

Skrapet (3 g) Tynt lag (5 g) Godt dekket (8 g) Tykt lag (12 g)

Er vegetarianer/veganer

Spiser ikke norsk kost til daglig

Har anoreksi

Har allergi/intoleranse

Kronisk sykdom

Har bulimi
Prøver å gå ned i vekt

Vi er interessert i å få kjennskap til hvordan kostholdet
ditt er vanligvis. Kryss av for hvert spørsmål om hvor ofte
du i gjennomsnitt siste året har brukt den aktuelle mat-
varen, og hvor mye du pleier å spise/drikke hver gang.

Hvor ofte spiser du kornblanding, havregryn eller
müsli? (Sett ett kryss)

Aldri/sjelden 1-3 pr. uke 4-6 pr. uke 1 pr. dag

Hvor mange glass vann drikker du vanligvis? 
(Sett ett kryss for hver linje)

aldri/ 1-3 pr. 4-6 pr. 1 pr. 2-3 pr. 4+ pr.
sjelden uke uke dag dag dag

Springvann ......................................

Flaskevann u/kullsyre..

Flaskevann m/kullsyre

aldri/ 1-3 pr. 4-6 pr. 1 pr. 2-3 pr. 4+  
sjelden uke uke dag dag pr.

dag
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Hvor ofte spiser du ulike typer grønnsaker?
(Sett ett kryss pr. linje)

Gulrøtter ..................

Kål ......................................

Kålrot..............................

Brokkoli/blomkål

Blandet salat....

Tomat ............................

Grønnsakblan-

ding (frossen)............

Andre grønn-

saker ..............................

aldri/ 1-3 1 2 3 4-5 6-7 
sjelden pr.mnd. pr.uke pr.uke pr.uke pr.uke pr.

uke

Hvor mange poteter spiser du vanligvis (kokte, stekte,
mos)? (Sett ett kryss)

Hvor ofte bruker du ris og spagetti/makaroni ? 
(Sett ett kryss pr. linje)

aldri/ 1-3 pr. 1 pr. 2 pr. 3+
sjelden mnd. uke uke pr.

uke

Ris ..........................................................................................

Spagetti, makaroni..........................................

Hvor ofte spiser du grøt ? (Sett ett kryss)

Fisk
Vi vil gjerne vite hvor ofte du pleier å spise fisk, og ber
deg fylle ut spørsmålene om fiskeforbruk så godt du kan.
Tilgangen på fisk kan variere gjennom året. Vær vennlig
å markere i hvilke årstider du spiser de ulike fiskesla-
gene.

aldri/ like mye vintrer vår sommer høst
sjelden hele året

Torsk, sei, hyse, lyr ..................

Steinbit, flyndre, uer ..............

Laks, ørret ............................................

Makrell ........................................................

Sild....................................................................

Annen fisk..............................................

aldri/ 1 2-3 1 2+
sjelden pr. mnd. pr. mnd. pr. uke pr. uke

Kokt torsk,
sei, hyse, lyr ......................................

Stekt torsk,
sei, hyse, lyr ......................................

Steinbit, 
flyndre, uer ..........................................

Laks, ørret ............................................

Makrell ......................................................

Sild ..................................................................

Annen fisk ............................................

Med tanke på de periodene av året der du spiser
fisk, hvor ofte pleier du å spise følgende?
(Sett ett kryss pr. linje)

Dersom du spiser  fisk, hvor mye spiser du vanligvis
pr. gang? (1 skive/stykke = 150 gram)

Hvor mange ganger pr. år spiser du fiskeinnmat?
(Sett ett kryss pr. linje)

Dersom du spiser fiskelever, hvor mange spise-
skjeer pleier du å spise hver gang? (Sett ett kryss)

0 1-3 4-6 7-9 10+

Rogn..........................................................................................

Fiskelever ..........................................................................

1 2 3-4 5-6 7+

aldri/ 1 pr. 2-3 pr. 1 pr. 2+
sjelden mnd. mnd. uke pr.

uke

Fiskekaker/pudding/boller ........................

Plukkfisk/fiskegrateng......................................

Frityrfisk/fiskepinner ..........................................

Andre fiskeretter ......................................................

Hvor ofte bruker du følgende typer fiskemat?
(Sett ett kryss pr. linje)

1-4 pr. uke 5-6 pr. uke 1 pr. dag 2 pr. dag

3 pr. dag 4+ pr. dag

Spiser ikke/spiser sjelden poteter

Kokt fisk (skive) 1 1,5 2 3+

Stekt fisk (stykke)

For de grønnsakene du spiser, kryss av for hvor mye
du spiser hver gang. (Sett ett kryss for hver sort)

- gulrøtter 1/2 stk. 1 stk. 1 1/2 stk. 2+ stk.

- kål 1/2 dl 1 dl 1 1/2 dl 2+ dl

- kålrot 1/2 dl 1 dl 1 1/2 dl 2+ dl

- brokkoli/blomkål 1-2 buketter 3-4 buketter 5+ buketter

- blandet salat 1 dl 2 dl 3 dl 4+ dl

- tomat 1/4   1/2 1 2+

- grønnsakblanding 1/2 dl 1 dl 2 dl 3+ dl

Hvor ofte spiser du frukt? (Sett ett kryss pr. linje)

Epler/pærer........

Appelsiner o.l.

Bananer....................

Annen frukt ........

aldri/ 1-3 1 2-4 5-6 1 2+ 
sjelden pr.mnd. pr.uke pr.uke pr.uke pr.dag pr.

dag

1 1,5 2 3+

aldri/ 1 pr. 2-3 pr. 1 pr. 2-6 1+
sjelden mnd. mnd. uke pr. pr.

uke dag

Risengrynsgrøt ..............................

Annen grøt (havre o.l.) ......
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I tillegg til informasjon om fiskeforbruk er det viktig å
få kartlagt hvilket tilbehør som blir servert til fisk.
Hvor ofte bruker du følgende til fisk? (Sett ett kryss pr. linje)

aldri/ 1 pr. 2-3 pr. 1 pr. 2+
sjelden mnd. mnd. uke pr.

uke

Smeltet smør ..........................................................

Smeltet eller fast margarin/fett......

Seterrømme (35%) ........................................

Lettrømme (20%)..............................................

Saus med fett (hvit/brun) ......................

Saus uten fett (hvit/brun) ......................

Hvor ofte spiser du bakevarer som boller kaker,
wienerbrød eller småkaker (Sett ett kryss pr. linje)

aldri/ 1-3 1 pr. 2-3 pr 4-6 pr. 1+
sjelden mnd. uke uke uke pr.

dag

Gjærbakst (boller) ....................

Wienerbrød, kringle................

Kaker (bløtkaker)........................

Pannekaker ........................................

Vafler ............................................................

Småkaker, kjeks..........................

Hvor mye is spiser du vanligvis pr. gang? (Sett ett kryss)

Hvor mange egg spiser du vanligvis i løpet av en
uke?(stekte, kokte, eggerøre, omelett) (Sett ett kryss)

aldri/ 1 2-3 1 2+
sjelden pr.mnd. pr.mnd. pr.uke pr.uke

Andre matvarer

Hvor ofte spiser du følgende kjøtt- og fjærkreretter?
(Sett ett kryss for hver rett)

Steik (okse, svin, får)........................................

Koteletter ............................................................................

Biff ................................................................................................

Kjøttkaker, karbonader ..................................

Pølser ......................................................................................

Gryterett, lapskaus ..............................................

Pizza med kjøtt..........................................................

Kylling ......................................................................................

Andre kjøttretter........................................................

0 1 2 3-4

5-6 7+

Hvor ofte spiser du iskrem? (til dessert, krone-is osv.)
Sett et kryss for hvor ofte du spiser iskrem om sommeren,
og et kryss for resten av året)

aldri/ 1-3. 2-3 pr. 1 pr. 2+
sjelden pr. mnd. uke pr.

uke

-Om sommeren ..........................................

-Resten av året ............................................

1dl 2 dl 3 dl 4+ dl

Aldri/sjelden 1 pr. mnd. 2-3 pr. mnd. 1 pr. uke

2-3 pr. uke 4+ pr. uke

Hvor ofte spiser du reinkjøtt?

Hvor stor mengde pleier du vanligvis å spise av de
ulike rettene? (Sett ett kryss for hver linje)

- fiskekaker/pudding/boller (stk.) 1 2 3 4+
(2 fiskeboller=1 fiskekake)

- plukkfisk, fiskegrateng (dl) 1-2 3-4 5+

- frityrfisk, fiskepinner (stk.) 1-2 3-4 5-6 7+

For de ulike typene tilbehør du bruker til fisk, vær
vennlig å kryss av for hvor mye du vanligvis pleier
spise.

- smeltet smør (ss) 1/2 1 2 3 4+

- smeltet margasin (ss) 1/2 1 2 3 4+

- seterrømme (ss) 1/2 1 2 3 4+

- lettrømme (ss) 1/2 1 2 3 4+

- saus med fett (dl) 1/4 1/2 3/4 1 2+ 

- saus uten fett (dl) 1/4 1/2 3/4 1 2+ 

Dersom du spiser følgende retter, oppgi mengden du
vanligvis spiser: (Sett ett kryss for hver linje)

- steik (skiver) 1 2 3 4+
- koteletter (stk.) 1/2 1 1,5 2+
- kjøttkaker, 

karbonader (stk.) 1 2 3 4+

- pølser (stk. à 150g) 1/2 1 1,5 2+

- gryterett, lapskaus (dl) 1-2 3 4 5+

- pizza m/kjøtt (stykke à 100 g) 1 2 3 4+ 

Hvor ofte spiser du dessert? (Sett ett kryss pr. linje)

aldri/ 1-3 1 pr. 2-3 pr 4-6 pr. 1+
sjelden mnd. uke uke uke pr.

dag
Pudding
sjokolade/karamell ....................

Riskrem, fromasj ........................

Kompott, fruktgrøt, 
hermetisk frukt ........................

Jorbær (friske, frosne)

Andre bær 
(friske, frosne) ..........................

Hvor ofte spiser du sjokolade? (Sett ett kryss)

aldri/ 1-3 1 pr. 2-3 pr 4-6 pr. 1+
sjelden mnd. uke uke uke pr.

dag

Mørk sjokolade ..............................

Lys sjokolade....................................

Hvor ofte spiser du skalldyr (f. eks. reker, krabbe 
og skjell)? (Sett ett kryss)

Aldri/sjelden 1 pr. mnd 2-3 pr. mnd 1+ pr. uke



Hvor mange ganger i løpet av en måned 
spiser du varm mat? 

Til frokost ..................................................................................................................................

Til lunsj............................................................................................................................................

Til middag ................................................................................................................................

Til kvelds ....................................................................................................................................

Hvor mange personer er det i ditt hushold?..........

Sosiale forhold

Er du: (Sett ett kryss)

gift samboer ugift skilt enke
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Bruker du tranpiller/kapsler? ................................

aldri/ 1-3 pr. 1 pr. 2-3 pr. 4-6 pr. 7+
sjelden mnd. uke uke uke pr. uke

Potetchips ............................................

Peanøtter ..............................................

Andre nøtter ......................................

Annen snacks ................................

Hvor ofte spiser du snacks? (Sett ett kryss)

Ja Nei

Tran og fiskeoljekapsler

Bruker du tran (flytende)? ..........................................

aldri/ 1-3 pr. 1 pr. 2-6 pr. daglig
sjelden mnd. uke uke

Om vinteren....................................................................

Resten av året............................................................

Hvis ja; hvor ofte tar du tran?
Sett ett kryss for hver linje.

Ja Nei

Ja Nei

aldri/ 1-3 pr. 1 pr. 2-6 pr. daglig
sjelden mnd. uke uke

Om vinteren....................................................................

Resten av året............................................................

Hvis ja; hvor ofte tar du tranpiller/kapsler?
Sett ett kryss for hver linje.

Hvilken type tranpiller/kapsler bruker du vanligvis,
og hvor mange pleier du å ta hver gang? 

Navn

Antall

aldri/ 1-3 pr. 1 pr. 2-6 pr. daglig
sjelden mnd. uke uke

Bruker du fiskeoljekapsler? (omega-3)

Hvis ja; hvor ofte tar du fiskeoljekapsler?

Hvilken type fiskeoljekapsler bruker du vanligvis, og
hvor mange pleier du å ta hver gang?

Navn antall

Kosttilskudd
Hvor ofte bruker du kosttilskudd? 
(Sett ett kryss pr. linje)

aldri/ 1-3 pr. 1 pr. 2-6 pr. daglig
sjelden mnd. uke ukeNavn på vitamin/mineraltilskudd:

Er du totalavholdskvinne?
Hvis Nei, hvor ofte og hvor mye drakk du i
gjennomsnitt siste året? (Sett ett kryss for hver linje)

Alkohol

Ja Nei

aldri/ 1 pr. 2-3 pr. 1 pr. 2-4 pr. 5-6 pr. 1+ 
sjelden mnd. uke uke uke uke pr.

dag

Øl (1/2 l.)

Vin (glass)

Brennevin (drink)

Likør/Hetvin 

Hvor mye tran pleier du å ta hver gang?

1 ts. 1/2 ss. 1+ ss.

Hvor høy er bruttoinntekten i husholdet pr. år?

under 150.000 kr. 151.000-300.000 kr.

301.000-450.000 kr. 451.000-600.000 kr.

601.000-750.000 kr. over 750.000 kr.

Hva er din arbeidssituasjon? (sett kryss)

Arbeider heltid Arbeider deltid Pensjonist

Hjemmearbeidende Under utdanning Uføretrygdet

Under attføring Arbeidssøkende

Yrke:

Hvordan var de økonomiske forhold i oppveksten?

Meget gode Gode

Dårlige Meget dårlige

Hvor mange års skolegang/yrkesutdannelse har du 

i alt, ta med folkeskole og ungdomsskole?

Antall

Alkohol

AlkoholVarm mat

Dersom du spiser sjokolade, hvor mye pleier du 
vanligvis å spise hver gang? Tenk deg størrelsen på en

Kvikk-Lunsj sjokolade, og oppgi hvor mye du spiser i forhold til den.

1/4 1/2 3/4 1 1,5 2+

Arbeider du utendørs i Ja Nei
yrkessammenheng?

Hvis Ja;
hvor mange timer pr. uke? ........Sommer ........vinter



Hvor ofte bruker du følgende hudpleiemidler?
(Sett ett kryss pr. linje)

Ansiktskrem ......

Håndkrem ............

Body lotion ..........

Parfyme ....................

Hvor ofte har du solt deg i solarium?

Alder Aldri Sjelden 1 gang 2 ganger 3-4 ganger oftere
pr. mnd. pr. mnd. pr. mnd enn1 gang

pr. uke

Før 10 år

10-19 år

20-29 år

30-44 år

45+ år

Siste 12 mnd.
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Hvor ofte dusjer eller bader du?
mer enn 1 g. 4-6 g. 2-3 g. 1 g. 2-3 g. sjel- 
1 g. dagl. dagl. pr. uke pr. uke pr. pr.uke den/

aldri

Med såpe/shampo

Uten såpe/shampo

Til slutt vil vi spørre deg om ditt 
samtykke til å kontakte deg på nytt pr. post.

Vi vil hente adressen fra det sentrale personregister.

Ja Nei

Takk for at du ville delta i undersøkelsen

Er du villig til å avgi en blodprøve?

Ja Nei

Hvor mange ganger pr. år er du blitt forbrent av solen
slik at du har fått svie og blemmer med avflassing
etterpå? (ett kryss for hver aldersgruppe)

Alder Aldri Høyst 2-3 g. 4-5 g. 6 eller
1 gang pr. år pr. år pr. år flere ganger

Før 10 år

10-19 år

20-29 år

30-44 år

45+ år

Hvor mange uker soler du deg pr. år i syden?
Alder Aldri 1 uke 2-3 4-5 7 uker

uker uker eller mer

Før 10 år

10-19 år

20-29 år

30-44 år

45+ år

Siste 12 mnd.

Hvor mange uker pr. år soler du deg i Norge eller
utenfor syden?
Alder Aldri 1 uke 2-3 4-5 7 uker

uker uker eller mer

Før 10 år

10-19 år

20-29 år

30-44 år

45+ år

Siste 12 mnd.

Når bruker du krem med solfaktor? (sett evt. flere kryss):

Hvilken solfaktor bruker du i disse periodene?

i påsken i Norge eller utenfor syden solferie i syden

aldri

påsken i Norge eller solferie i syden
utenfor syden

I dag ..................................................................................................................................

For 10 år siden ......................................................................................

Hvor mange uregelmessige føflekker større enn 5
mm har du sammenlagt på begge beina (fra tærne til
lysken)? Tre eksempler på føflekker større enn 
5 mm med uregelmessig form er vist i nedenfor.

0 1 2-3 4-6 7-12 13-24 25+

5 mm

aldri/ 1-3 1 2-4 5-6 1 2+ 
sjelden pr.mnd. pr.uke pr.uke pr.uke pr.dag pr.

dag

Solvaner

Får du fregner når du soler deg? ................

Hvilken øyefarge har du? (sett ett kryss)

brun grå, grønn eller blanding blå

Hva er din opprinnelige hårfarge? (sett ett kryss)

mørkbrunt, svart brun blond, gul rød

Ja Nei

For å kunne studere effekten av soling på risiko for
hudkreft ber vi deg  gi opplysninger om hudfarge
Sett ett kryss på det tallet under fargen som best passer
din naturlige hudfarge (uten soling)

1 2 3 4 5 6 7 8 9 10



FreeText
Additional File 2.

















N
O
W
A
C
 p
ar
ti
ci
p
an
ts

N
 =
 1
7
2
 5
2
6

A
d
m
in
is
te
re
d
at
 le
as
t

o
n
e
8
p
ag
e 

q
u
es
ti
o
n
n
ai
re

N
 =
 1
0
1
 3
1
6

N
o
t 
ad
m
in
is
te
re
d
8


p
ag
e 
q
u
es
ti
o
n
n
ai
re

N
 =
 7
1
 2
1
0

A
d
m
in
is
te
re
d
at
 le
as
t

tw
o
8
p
ag
e 

q
u
e
st
io
n
n
ai
re
s

N
 =
 7
1
 2
5
6

N
o
t 
ad
m
in
is
te
re
d
m
o
re
 

th
an

o
n
e
8
p
ag
e 

q
u
es
ti
o
n
n
ai
re

N
 =
 3
0
 0
6
0

A
n
al
yt
ic
al
sa
m
p
le

N
 =
 6
6
2
3
3

P
re
va
le
n
t 
ca
n
ce
r 
an
d
 

d
ea
th

o
r 
em

ig
ra
ti
o
n

re
gi
st
er
ed

b
ef
o
re

o
r 
at
 

d
at
e 
o
f 
se
co
n
d

q
u
es
ti
o
n
n
ai
re

N
 =
 5
0
2
3

A
d
d
it
io
n
al
Fi
le
 3
. 

Sa
m
p
le
 f
lo
w
ch
ar
t,
 

N
o
rw

eg
ia
n
 W

o
m
en

an
d
 

C
an
ce
r 
St
u
d
y
(N
O
W
A
C
)



Additional File 4

Description of healthy lifestyle index (HLI) construction in the Norwegian Women and Cancer study

(NOWAC)

Physical activity level was reported by participants on a 10point scale ranging from very little activity

to very active, where participants were asked to consider the entirety of activity at work, outside

work, at home, exercise, and other forms of physical activity. Since this measure could not be

categorized according to physical activity guidelines or other measures of the dose of physical

activity, physical activity level was scored by quintile based on the percentile distribution at Q1

(physical activity scale 710 = 4, 6 = 3, 5 = 2, 4 = 1, 13 = 0). Body fatness was assessed through self

reported height (centimeters) and weight (kilograms) to calculate body mass index (kg/m2) (BMI <23

= 4, 23 to <25 = 3, 25 to <27 = 2, 27 to <30= 1, ≥30 = 0), smoking was scored considering smoking

status, smoking intensity and time since cessation (never smoker = 4, former smoker >10 years since

cessation = 3, former smoker ≤10 years since cessation = 2, smoker <15 cigarettes/day = 1, current

smoker ≥15 cigarettes/day = 0), and alcohol (ethanol) consumption was recorded in grams/day (none

= 4, >0 to <5 = 3, 5 to <10 = 2, 10 to <20 = 1, >20 = 0). A diet score ranging from 0 to 18 (healthiest)

was generated, comprising six food groups: whole grains, fruit, vegetables, dairy, red meat, and

processed meat. Using an analysis program developed at the Institute of Community Medicine, UiT

The Arctic University of Norway, daily intake of food groups and energy were computed based on the

frequencies and portions of food items reported in the FFQ according to the food composition table

for Norway (1). Each food group was adjusted for energy intake, by dividing grams of intake by daily

energy intake, in millijoules (MJ). The energyadjusted food groups were categorized into quartiles

and scored from 0 (lowest quartile) to 3 (highest quartile). Red and processed meat were scored in

reverse order. The 18point diet score was then divided into quintiles to produce a score ranging

from 0 to 4 for inclusion in the HLI (1118 = 4, 10 = 3, 89 = 2, 7 = 1, 06 = 0).

References
1. The Norwegian Food Composition Database 2021 [Internet]. 2021. Available from:
https://www.matvaretabellen.no/.
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Additional File 8 

FreeText
Association between HLI score change and incidence of exposure-related cancer subgroups, 
modelled with restricted cubic splines
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KVINNER OG KREFT
Institutt for samfunnsmedisin ved Universitetet i Tromsø gjennomfører en spørreundersøkelse 
om levesett og kreft blant norske kvinner. En slik undersøkelse gir et verdifullt grunnlag for 
å studere mulige sammenhenger mellom f.eks. kosthold, barnefødsler, p-piller, solvaner og 
utviklingen av kreft. Resultatet vil bli publisert i dagspressen og i internasjonale fagtidsskrifter. 
Ansvarlig for undersøkelsen er professor Eiliv Lund.

Du forespørres hermed om å delta i undersøkelsen. Alle som blir forespurt er trukket ut tilfeldig. 
Statistisk Sentralbyrå har trukket utvalget og står for utsending av spørreskjemaene.

Med noen års mellomrom fram til 2033 ønsker vi å sammenholde opplysningene som er gitt 
i undersøkelsen mot opplysninger fra Kreftregisteret, Mammografiregistrert og Dødsårsaksregisteret.
Samtykket fra deg for dette vil være ensbetydende med returnering av spørreskjemaet.
Alle opplysninger fra undersøkelsen og fra registrene vil bli behandlet konfidensielt og etter regler
Datatilsynet har gitt i sin tillatelse, samt tillatelse fra Sosial- og helsedirektoratet. På spørreskjemaet
er navn og fødselsnummer erstattet med et løpenummer slik at ingen av de som mottar og tar hånd
om skjemaene vil kjenne din identitet. Undersøkelsen er tilrådd av Regional komite for medisinsk
forskningsetikk i Nord-Norge.

Hvis du vil delta i undersøkelsen, ber vi deg om å besvare det vedlagte spørreskjemaet så riktig 
som mulig. Dersom ingen av de oppgitte svaralternativ dekker din situasjon, sett kryss for det 
alternativet som ligger nærmest. Gi eventuelle tilleggsopplysninger i skjemaet. 
Du behøver ikke svare på alle spørsmål.

Det vil senere bli aktuelt å samle inn blodprøver fra noen av deltakerne. 
Dette vil skje hos nærmeste lege, og vil være gratis. Det vil også bli aktuelt å spørre noen av 
deltakerne om å være med på et kostholdsintervju over telefon. Bare de av deltakerne som 
på forhånd har krysset av for at de er villig til å bli kontaktet på nytt og/eller til å bli spurt om 
å avgi blodprøve, vil få henvendelse om dette. Det vil da bli gitt nærmere informasjon og 
innhentet samtykke til dette.

Det er frivillig om du vil være med i undersøkelsen. Det er også adgang til å trekke seg senere, 
hvis du skulle ønske det. Du kan få slettet dine opplysninger hvis du krever det. De innsamlete
opplysninger vil bli anonymisert 31.12.2033.

Ditt bidrag til undersøkelsen vil være å svare på spørsmålene i spørreskjemaet. 
For spørsmål om hormoner og p-pille bruk finner du bilder i denne brosjyren som skal være 
et hjelpemiddel til å svare riktig (brosjyren skal ikke returneres). Spørreskjemaet returneres 
i vedlagte konvolutt med betalt svarporto.

Med vennlig hilsen

Eiliv Lund Bente A. Augdal
professor dr.med. prosjektmedarbeider

Du kan finne mer informasjon om ”Kvinner og kreft” og om forskningsresultatene på våre nettsider: www.ism.uit.no/kk/

INSTITUTT FOR SAMFUNNSMEDISIN
UNIVERSITETET I TROMSØ
9037 TROMSØ
Telefon 77 64 48 16/77 64 66 38







 

 

 




