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  Sammendrag 
Røyking er et stort folkehelseproblem og bidrar til mange store folkesykdommer, både i 

Norge og globalt. Å påvirke røykevaner har vært et viktig mål for folkehelseinitiativer 

over hele verden. Å finne hvilken innvirkning røykeintensitet har for selv-rapportert helse 

(SRH) til røykere kan kaste lys over deres egen oppfatning av hvordan helseeffektene 

gjelder dem selv. Utover målet SRH sin relevans for dødelighet, kan den subjektive 

opplevelsen av helse ha innvirkning på motivasjonen til å slutte å røyke. 

Rs16969968 er en genvariant assosiert med høyere grad av røyking og sterkere 

nikotinsug, men ikke med SES (sosioøkonomisk status). Studien bruker rs16969968 som 

instrument for røykeintensitet, for å finne en sammenheng mellom grad av røyking og 

selvrapportert helse, og kan anta at resultatene i mindre grad vil bli forvirret av 

sosioøkonomiske faktorer. 

Dette forskningsprosjektet bruker mendelsk randomisering for å vurdere sammenhengen 

mellom røykeintensitet og selvrapportert helse ved hjelp av data fra HUNT3 og HUNT2. 

Resultatene vil bli sammenlignet med forholdet mellom røykeintensitet og mer objektive 

helsemål som KOLS, hjerte- og karsykdommer eller kronisk sykdom. 

Jeg har vist at rs16969968 ser ut til å øke sjansen for å gå fra sporadisk til daglig røyker, 

og reduserer sjansen for å lykkes med å slutte å røyke, og at effekten er sterkere med to 

alleler enn med en. Dette er en bekreftelse på tidligere forskning på feltet, selv om 

statistikken over sporadisk kontra daglig røyking ikke er eksplisitt angitt i den tidligere 

litteraturen studert for denne avhandlingen. Resultatet at genfordelingen blant aldri-

røykere er den samme som blant befolkningen generelt er nyttig, og bidrar til å øke 

validiteten til rs16969968 som et instrument for røyking. 

Å ha rs16969968 fører ikke til lavere SRH eller høyere forekomst av kronisk sykdom 

blant røykere i HUNT2 og 3. Dette er overraskende, ettersom SRH er knyttet til høyere 

dødelighet og sykelighet, og røyking er knyttet til dødelighet og sykelighet i mange 

studier som har benyttet rs16969968 for så studere sammenheng med mortalitet. Mens 

positive helseutfall kan være en viktig kilde til motivasjon for folk til å slutte å røyke, er 

den subjektive opplevelsen av helseforbedring ved å slutte å røyke kanskje ikke den 

samme. 

Rs16969968 øker betydelig sjansene for å utvikle KOLS (RR 1,16) eller tegn på kronisk 

lungesykdom (RR 1,14). Begge disse reduserer livskvaliteten betydelig og øker sjansene 

for sykelighet for kronisk sykdom, så det er uventet at det ikke er noen signifikant 

endring i utfallet for lav SRH eller kronisk sykdom. 
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Abstract 
Influencing smoking habits has been an important goal of public health initiatives around 

the world. Finding what impact smoking intensity has for the SRH of smokers might shed 

light on their own perception of how the health impacts apply to themselves. Beyond the 

measure’s relevance for mortality, the subjective experience of health can have an 

impact on motivation to quit smoking.  

rs16969968 is SNP associated with heavier smoking and stronger nicotine cravings, but 

not with SES (socioeconomic status). Using rs16969968 as an instrument for smoking 

intensity, in order to find a relationship between degree of smoking and self-reported 

health, and can assume that the results will be to a lesser degree confounded by 

socioeconomic factors. 

This research project uses mendelian randomisation to assess the relationship between 

smoking intensity and self-reported health using data from HUNT3 and HUNT2. The 

results will be compared to the relationship between smoking intensity and more 

objective measures of health like COPD, cardiovascular diseases or chronic disease.  

I have shown that rs16969968 seems to increase the chance of moving from occasional 

to daily smoker, and reduces the chance of successfully quitting smoking among, and 

that the effect is stronger with two alleles than with one. This is confirmation of previous 

research on the field, though the statistics on occasional vs daily smoking is not explicitly 

stated in the previous literature studied for this thesis. The result that the gene 

distribution among never-smokers is the same as among the general population is a 

useful one, and helps add to the validity of rs16969968 as an instrument for smoking.  

Having rs16969968 does not lead to lower SRH or a higher incidence of chronic disease 

among ever-smokers. This is surprising, as SRH is tied to higher mortality and morbidity, 

and rs16969968 is similarly tied to mortality and morbidity in many studies. While 

positive health outcomes may be an important source of motivation for people to quit 

smoking, the subjective experience of health improvement from quitting smoking may 

not be the same.  

rs16969968 does significantly increase the chances of developing COPD (RR 1.16) or 

signs of chronic lung disease (RR 1.14). These both decrease the quality of life 

significantly an increase the chances of morbidity for chronic disease, so it is unexpected 

that there is no significant change of outcome for low SRH or chronic disease.  
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Influencing smoking habits has been an important goal of public health initiatives 

around the world. From first suspecting the negative health outcomes of smoking 

in the late 19th and early 20th century, tobacco was declared the likely cause of 

the explosive increase in lung cancer cases in the 1950s (3). Since the health 

authorities in Norway first advised stopping smoking as a way to prevent cancer 

in the mid-50s, just about every tool in the Public Health toolbelt has been used 

to combat the problem. Campaigns have been run to encourage quitting and 

reduce initiation, laws have been widely adopted to prevent passive smoking, 

medical and social programs have been created to combat it.  

There is a large amount of research done on campaigns and interventions to 

influence smoking behaviour. Health issues is found to be one of the most 

frequent motivations for attempting smoking cessation(4).  

Self-reported health status is a marker that has been increasingly used in 

research and cohort studies. As a measure it has been shown to have predictive 

value in risk of early death(5-7). This thesis uses data from HUNT2 and HUNT3 

to assess smokers’ experience of their own health by comparing self-assessed 

health status among lighter and heavier smokers and compare these finds to 

more objective measures of health outcomes.  

1.1 Smoking and health 

1.1.1 Tobacco and disease burden 

The WHO lists tobacco related diseases as the second leading cause of death worldwide. 

According to the Global Burden of Disease study by Institute for Health Metrics and 

Evaluation (IHME), the global death toll due to tobacco was estimated at 7 million in 

2022 and the loss of disability-adjusted life-years was estimated at 177 million(8, 9). 

Smoking has an established causal relationship with cancer, CVD and pulmonary diseases 

(10, 11). These were the three biggest causes of death in Norway in 2017 according to 

FHI(12). Previous studies have shown an association between higher consumption of 

cigarettes and higher levels of anxiety and depression(13, 14), although this association 

may not represent a causal effect of smoking on mental symptoms(15). Other studies 

suggest that higher rates of anxiety and depressive symptoms reduce the chances of 

success at quit attempts (14, 16). Even passive smoking has an established causal link to 

adverse health outcomes.   

1.1.2 Smoking prevalence 

As seen in Figure 1 smoking prevalence has decreased significantly in the last decades 

thanks in part to awareness of ill effects(4). In Norway per 2021 9 % of the adult 

population in Norway are current daily smokers, and a further 8% are casual 

smokers(17). This is down from over 40% of the adult population reporting daily 

1 Introduction 
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smoking in 1960. North-Trøndelag has also had a considerable reduction in smoking 

rates in the past few decades similar to the national numbers. In Trøndelag the rate of 

daily smokers varies from 3 % to 16 % between municipalities(18).  

 

Figure 1: Occasional and daily smokers. Source: Utbredese av røyking i Norge, Tobakk i Norge (17) 

 

Even though a substantial amount of the reduction in smoking rates can be attributed to 

lower rates of smoking initiation in youth, a large portion of the reduction is attributed to 

former smokers quitting smoking. In Figure 2 Figure 1we see the rate of smoking for 10 

different cohorts over time. The graph shown here is the number for men. We can see 

that even though each cohort has had progressively lower rates of uptake since the 

1960s, there is also reduction of smoking rates within cohorts as a result of people 

quitting smoking. In 1973 there were more than 2 smokers for every former smoker, but 

in 2009 this ratio was 1:1 (19). Smoking cessation is an important goal for public health 

initiatives, and can improve health outcomes for the individual, both in the short(16) and 

long term(20). 
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Figure 2: Smoking rates among men by age cohorts. Source: Utbredelse av røyk i Norge, Tobakk i 
Norge (17). 

 

1.1.3 Health as motivation for smoking cessation 

Studies have found that, along with social pressures and public policy, health benefits are 

one of the strongest motivations for people attempting to give up smoking (4, 21), but 

also that some smokers seem to be in denial about the health impact of smoking(22). 

For example, a review of studies evaluating the use of cancer diagnosis as teachable 

moment for smokers found that never-smokers and former smokers perceived the risks 

of smoking as much higher than current smokers(16). On the other hand, predictive 

testing on risk factors increased motivation to quit among those with higher chances of 

ischemic heart disease(23). 60-70% of smokers admitted to hospital with an acute 

coronary event give up smoking over the next 6 months (21). Still, the same study found 

that a majority of patients with mild COPD smoke, and that 38-51% of COPD patients 

continue to smoke despite severe disease.  

Health concerns are the main point anti-tobacco campaigns attempt to target. Such 

government campaigns have mixed immediate impacts, but they increase motivation to 

quit and increase discussions on health issues among smokers(19) 
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1.1.4 Self-reported health 

Self-rated or self-reported health is a measure of a person’s health, given by their 

answers to questions about their health. As such it is a subjective measure of health. 

This can refer to the participants in a survey answering a series of questions about 

various aspects of their health, but in this theses self-reported health (SRH) will be 

defined to be the answer to a single question in a survey, typically “how would you rate 

your health” The answer is usually given as a point on a Likert scale (or Likert-type 

scales), where the participants are asked to answer on the form “excellent”, “pretty 

good”, “poor”, etc. In other words, the resulting data is ordinal. Often given on a scale 

from 1-5, sometimes an even number of options is given to force participants to choose 

“good” or “bad”, by removing the “neutral” middle value. SRH has become a popular 

measure of health because it is very easy to obtain from a survey. At first there was 

some discussion as to whether these subjective measures have predictive value, 

especially when compared to more objective measures taken by a health professional. 

Since the 90s researchers have consistently found a low SRH score to have a predictive 

value on any-cause mortality(7, 24-26). Previous studies using HUNT data have found 

robust associations between low SRH and mortality, even when accounting for socio-

economic status(27) and education level(28).  

Finding what impact smoking intensity has for the SRH of smokers might shed light on 

their own perception of how the health impacts apply to themselves. Beyond the 

measure’s relevance for mortality, the subjective experience of health can have an 

impact on motivation to quit smoking.   

 

1.2 Social influences on smoking 

1.2.1 Socioeconomic divides in smoking 

As smoking rates are being reduced in Norway, they are increasingly becoming stratified 

along socio-economic lines. Smoking as a cause of ill health is well established as fact by 

the scientific and medical community. When smoking was being firmly established as a 

causal agent of cancer and other adverse health outcomes, one of the first studies that 

had a big impact on the medical community was one that showed doctors who smoked 

died earlier and had more cancer than those that did not smoke(29). Such a study could 

not be held in 2024, there simply aren’t enough doctors who smoke. Figure 3 shows the 

fraction of smokers in Norway sorted by level of education, as reported by the Norwegian 

Institute of Public Health(17). Although smoking has decreased in all groups, this graph 

of smoking rates among men with university degrees(green), completed upper secondary 
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school (red) and no completed education after grade 10(blue) clearly shows a stark 

difference in proportion.  

 

Figure 3: Percent smokers by level of education. Green: University/college education, Red: 
Completed upper secondary school, Blue: Did not complete upper secondary school. Source: 

Utbredelse av røyk i Norge, Tobakk i Norge (17). The break in the graph at 2007 is due to a 
reclassification of measures of education. 

While someone without a university degree was slightly less than twice as likely to be a 

smoker in 1976 (33% vs 50% and 52%), by 2022 that has grown to over twice as likely, 

or four times as likely (4% vs 9% and 19%)(17). This shift changes smoking, from being 

a common behaviour in society, to being increasingly associated with lower 

Socioeconomic status (SES). SES can confound the effect smoking has on health 

outcomes.   

As Norway is one of the countries in the world with lowest rates of smoking, another 

difference can be found in higher smoking rates among the immigrant population. Two 

extensive reports on living conditions, health and social status among immigrant 

populations were published by Statistics Norway (SSB) in 2016 and 2017, one looking at 

the immigrant population, and the other at children of immigrants (classified in the study 

as people born in Norway to two immigrant parents). They found that the immigrant 

population were lower in terms of education levels, income levels and other 

socioeconomic markers. Though younger immigrants tend to be healthier than the 

general population, this changes with age, and they fall behind in health outcomes. There 

is also a higher rate of smoking among men(30), though there is a large difference 

between different ethnic groups. Though the next generation is often closer to the 

Norwegian society at large both for outcomes and socioeconomic status, there are still 

contrasts. For example smoking rates are often very different between men and women, 

unlike the rates for the general population in Norway(31).  

Attempting to quit smoking without any assistance has a success rate of 3-5% within a 

1-year timeframe, though this increases significantly if the smoker uses therapy, 
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medication or nicotine products(32). It takes on average 10-30(33) (ref, (Chaiton et al 

2016)) attempts before an individual succeeds in kicking the habit. 

Several of the studies that(13) examine success rates in quit smoking attempts found a 

positive correlation between higher education and success rates. This means there is a 

reason to believe that, as with good nutrition and regular exercise, though the advice is 

the same for all inhabitants, smoking cessation is easiest to achieve for those with most 

resources. 

 

1.2.2 Confounding with socioeconomic factors 

As mentioned above, the closer smoking becomes associated with socioeconomic factors, 

the harder it becomes to isolate the effects of smoking on health outcomes, as lower SES 

is also strongly correlated with negative health outcomes. The Norwegian Directorate of 

Health suggested in a report in 2016 that smoking may be an important causal factor for 

the discrepancies in health outcomes between socioeconomic groups(34). Although 

differences in smoking patterns can contribute to these differences, there are also 

alternative pathways for the association between socioeconomic factors and 

morbidity(35). Asthma, heart disease and premature death can be confounded by 

socioeconomic factor or reverse causation. Socioeconomic factors could thus confound 

observational studies on the association between smoking and health.  

1.3 Population studies and HUNT 

Population studies aim to gather data on a whole population. This could either be 

everyone in a specific geographical area or everyone with a specific diagnosis or risk 

factor. Longitudinal population studies aims to follow their cohort over long periods of 

time, and collect data at regular intervals, sometimes lasting decades. 

1.3.1 Participation and non-participation in population studies 

Though population studies aim to study an entire population, these studies are based on 

consent from the participants, and will realistically never have 100% participation. This 

can introduce sampling biases if the reasons people cannot or will not participate are not 

randomly dispersed in the population. When looking at smoking there are two main 

selection biases that can affect the sample population. The first is that lower SES often 

reduces the chances an individual will participate in scientific studies or population 

surveys. An analysis by Galea and Tracy(36) covering several epidemiological studies 

conducted by academics, governments and private companies found a wholesale 

decrease in participation rates over the last decades. Among the reasons they found for 

non-participation, in addition to an increase in studies and reporting not having time, 

were a distrust of science in general and lack of saliency of the study to a potential 

participants own life. They also found that across every marker of SES they examined 

(education levels, income, employment status, marital status, functioning levels), those 

with lower status were less likely to participate. This is likely reflecting a higher trust in 

science among higher those with higher SES.  

The second factor that can lead to selection bias is that engaging in risk behaviours 

makes people less likely to participate. Galea and Tracy speculate that marginalization or 

stigmatization may contribute to a lower willingness to participate, based on the fact that 

exposure to environments hazards increased the chances of participation, whereas 
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engaging in risk behaviours lowered the chances. It is a point to note, that while saliency 

increases the participation in scientific studies generally, engaging in risk behaviour 

reduced the chances of participating (36). 

 

1.3.2 HUNT and non-participation in HUNT 

North-Trøndelag Health Study (HUNT) consists of 4 population surveys conducted in the 

county of Nord-Trøndelag between 1984 and 2019. HUNT1 was performed from 1984-

1986, HUNT2 in 1995-1997, HUNT3 in 2006-2009 and HUNT4 was conducted from 2017-

2019. The purpose of HUNT is to give an overview of living conditions and health status 

among the population and has informed public health policy as well as provided data for 

researchers (37). 

Participation rates have fallen significantly since it was introduced in the 80s, following 

the pattern described by Galea and Tracy (36). A study was done on non-participants of 

HUNT3 by Langhammar et. al  using questionnaires, data from general practitioners in 

the region and register data(38). They found that non-participation carried a higher 

mortality rate and higher rate of several chronic diseases (e.g. cardiovascular disease or 

diabetes), but lower rates of several other common problems (e.g. musculoskeletal pain) 

(38, 39).  

This means that people with lower SES are less likely to participate in HUNT3. This holds 

true for education levels, income levels, employment status and disability status(38). 

 

1.4 Genetic influences on smoking 

In recent years genome Wide Association Studies have attempted to find associations 

between genes and behaviours. The fact that genes influence smoking has been 

established knowledge for a long time. Before genome-wide studies to find specific 

genetic causes for nicotine addiction twin studies and familial studies had shown that 

genes played a role in people becoming smokers and remaining smokers (40, 41)   

1.4.1 Why use genes to study smoking? 

Randomized controlled trials (RCT’s) are held up as the gold standard of medical research 

in terms of establishing causative pathways(42). In RCT’s the participants are randomly 

assigned to be in the exposure (treatment) group or control group. The important thing 

about the random assignment of exposure is to also randomly assign the confounding 

factors (hopefully) equally to each group, thus isolating the effect of the exposure or 

treatment as the difference between the results of the two groups. However, this is 

impossible or wildly unethical to do for many exposures such as cigarettes, career path, 

alcohol etc. As the human genome has been studied and mapped over the last few 

decades several genes have been shown to have different varieties (SNP’s or alleles, se 

insert below) that increase or decrease the chance of certain conditions or behaviours. As 

genes are randomly passed down from ones parents, and not changed later in life by 

lifestyle choices, using genes that influence behaviours as proxy for those behaviours can 

help to uncover causal pathways(43). 

Several studies have been done over the last decade to establish association between an 

SNP rs16969968 (or similar alleles) and health outcomes. The studies have shown a very 
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clear causal association with COPD, lung cancer, and cardiovascular issues. Genes that 

increase smoking consumption are associated with higher all-cause mortality (44). It has 

also been used to try to uncover causative effects in cases where the role of smoking is 

more unclear. For example, previous studies using HUNT data found no clear causal 

effect on anxiety and depression, even though smoking is correlated with these 

conditions(45, 46). Similarly, smoking seems to have no causal effect on increased 

alcohol consumption even though the two are strongly associated with each other (47)In 

addition to confounding factors, reverse causation can also make it hard to find the 

causal pathways in health outcomes. Sometimes referred to as the “healthy smoker 

effect”, if people are more likely to quit smoking after health problems emerge the pool 

of current smokers may be healthier than the pool of former smokers, or even never-

smokers (48).  

1.4.2 Basic genetics 

DNA (Deoxyribonucleic acid) is an extremely complex molecule organised in a double 

helix. DNA consists of 4 nitrogenous bases, adenine (A), thymine (T), cytosine (C) and 

guanine (G) where A binds to T and G binds to C, and vice versa. These binding s are 

called base pairs, and the human DNA contains about 6 billion base pairs divided into 23 

pairs of chromosomes.(43)    

DNA is sometimes described as the instruction manual and is the basis for all living 

plants and animals on the planet. Various sequences of DNA form the instructions that 

allow organisms to assemble into our forms, grow into lager versions, maintain and 

repair ourselves and, ideally, replicate into new generations. DNA can be coding (i.e. 

provide instructions for building cells or structures) or non-coding(49). Non-coding DNA 

also has an effect, but this is not fully understood by science yet. Genome-wide 

association studies often find associations between outcomes and non-coding areas of 

DNA.  

 

When DNA is replicated in conjunction with cell division, one base pair can be switched 

for another. We call this a mutation. If this happens when a gamete (sperm or ovum) is 

formed the mutation will be passed on.   

SNPs and alleles 

A single nucleotide polymorphism (SNP) is variation of a single nucleotide at a 

specific point of a genome in a significant part of the population.(1) E.g. if most of 

the population has an A in a specific place but a significant minority have a T, this is 

a SNP. A and T are called alleles. A significant minority is generally taken to mean 

1% or more. 

A SNP can happen in the coding-or non-coding regions of genes, and within coding 

regions the substitution of one allele for another can have a range of effects on 

resulting gene expression of proteins. The difference in protein can mediate the 

effects of the cell it’s a part of or result in a nonsense-protein that is not functional or 

even variants that cause diseases. 

Though there is no universal naming convention for SNP’s, various databases with 

identified and named SNP’s exist (2). In this study we are looking at rs16969968, the 

name taken from the the Single Nucleotide Polymorphism Database hosted by the 

National Library of Medicine. 
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1.4.3 Influence of rs16969968 (and other genes) on smoking 

In this study we are using rs16969968, which is a SNP associated with a higher intensity 

of smoking among daily smokers(50) and with lower quitting rates. This SNP is found on 

the gene cluster CHRNA5/A3/B4 that is responsible for encoding the nicotinic receptors in 

the brain(51). Several genes in this gene cluster can affect smoking behaviours, but 

rs16969968 has the strongest association and is identified in several studies as the main 

risk factor(52). The plausible mechanism for the effect is through number or functioning 

of nicotinic acetylcholine receptor (nAChR) in individuals with one or two copies of the 

SNP. Nicotine binds to the nAChR and produces both euphoria and relaxation, and these 

feelings of well-being seem to be increased for people with this allele(53). It has both an 

excitatory and inhibitory effect, producing a state where the user feels more focused and 

more relaxed at the same time. The receptors are intended for the neurotransmitter 

acetylcholine, a neurotransmitter that plays an important role in attention and cognitive 

tasks. Nicotine mimics acetylcholine and causes many of the same effects, but at a much 

higher rate(54).  

The effect of having the allele is estimated at around 1 cigarette per day(48, 55, 56). A 

previous analysis of 12 178 current smokers from HUNT2 found the effect to be 0.66 

cigarettes per day (CI: 0.52, 0.80)(48)2. However, these effects were calculated based 

on data collected in population studies and rely on self-reported estimates from smokers. 

If we instead look at studies examining objective measures of nicotine consumption like 

cotinine levels in blood serum the associations between rs16969968 and cigarette 

consumption is even stronger than the self-reported data suggests (57). This could be 

due to mistakes typical of self-reported data like faulty recall, ambiguously worded 

questions, or under-reporting of risk behaviours. Another possibility is that higher 

dependence leads to taking more puffs of the same cigarette than someone without a 

copy of the allele or smoking closer to the filter before extinguishing the cigarette.  

A person can have 0, 1 or 2 of this allele in their genome. The effect seems cumulative, 

meaning someone with 2 rs16969968 alleles in their genome will (on average) have a 

higher smoking intensity than someone with 1 (50).  

 

1.5 Research question 

With these, sometimes contradictory, studies on how smokers perceive their own health 

risks and how smoking effects these, and knowing ill health can be a motivator to quit 

smoking, it seems valuable to look at how smokers evaluate their own health status. 

Since rs16969968 is associated with smoking, but not with SES we will be using the 

allele as an instrument for smoking intensity, in order to find a relationship between 

degree of smoking and self-reported health, and can assume that the results will be to a 

lesser degree confounded by socioeconomic factors. 

This research project uses mendelian randomisation to assess the relationship between 

smoking intensity and self-reported health using data from HUNT3 and HUNT2. The 

results will be compared to the relationship between smoking intensity and more 

objective measures of health like COPD, cardiovascular diseases or chronic disease.  

 
2 Number taken from figure S8 in the supplementary material of Skaaby et al 2017 
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2.1 Mendelian randomization 

Mendelian randomization is a method that has been widely used in the last decade to 

attempt to counter problems of confounding and reverse causation in epidemiological 

research. 

2.1.1 Approximating randomized control trials (RCTs) 

As mentioned, Mendelian randomisation is a way to approximate RCTs in observational 

studies. RCT is the gold standard for assessing causality and effectiveness of treatments 

in medical research. However, in epidemiological research observational studies are 

much more accessible(58), and often the only realistic option. This leaves the conclusions 

drawn open to confounding variables, e.g. SES, in relation to smoking. Instrumental 

variables (IV) are variables that can be used as unbiased estimators for the effect of 

smoking. To avoid confounding, the instrumental variable must be associated with the 

outcome only through the treatment and must be randomly distributed. Mendelian 

randomization is defined as “instrumental variable analysis using genetic 

instruments”(42).  

2.1.2 Instrumental variable analysis 

A confounding variable is one that affects both the exposure and the outcome, making it 

difficult to isolate the effect the exposure has on the outcome. This is illustrated in Figure 

4, showing the confounder C affecting both the exposure E and the outcome D. This 

masks the effect E has on D. To combat this Mendelian randomization introduces an 

instrumental variable(59). An instrument has three properties; i: it influences E. ii: It 

influences D ONLY through its influence on E. I.e. it is not associated with any confounder 

that influences D. iii: Assumption of independence requires that there is no arrow in 

either direction between I and C. This assumption is maintained if the IV is randomly 

assigned(60).    

 

 
Figure 4: Directed Acyclic Graph showing an instrumental variable I working on the exposure, E, 
unaffected by the confounder, C. It affects the outcome, D, only through the impact it has on E.  

 
If these assumptions hold, then a change in instrument would affect the outcome D. It is 

then possible to compare the outcome of groups with different levels of the instrument to 

ascertain the true causal effect of the exposure, E, on the desired outcome.  

2 Methods 
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In addition to these assumptions an instrument should be something easy to measure, 

both in the sense of the difficulty involved in getting the measurement and in terms of 

how precise the measurement of the instrument can be. At any rate it should be easier to 

obtain and ascertain than the difficulty involved in measuring the confounding factors C.  

Presence or absence of an instrumental variable and it’s effect on the outcome is enough 

to suggest causality. A full instrumentation would be to use an estimate of how many 

extra cigarettes a day each allele represents. If we say in this case that each allele is 1 

extra cigarette per day per allele, we would use this to estimate the effect of one extra 

cigarette per day on the outcome.  

2.1.3 Using genes as IV 

Using genes as IV that impact the treatment (behaviour), but not the outcome in other 

ways has many advantages but requires some assumptions we must examine closer 

before proceeding.  

2.1.3.1 Assumption i 

The first assumption is that the gene variant influences the behaviour. In the case of 

rs16969968 there are not only numerous studies documenting the effect on smoking 

behaviour, there is also a clear pathway showing how the gene would physiologically 

affect how the brain responds to nicotine(51, 52). Studies suggest that the effect is 1 

cigarette per day per allele in most studies (48), though as mentioned above, the similar 

result for data from HUNT is 0.66(45). There is also an impact on the difficulty in quitting 

smoking(52), and presumably on the transition from occasional smoking to daily 

smoking, though I was unable to find this particularly in the literature. In a full 

instrumentation we would use the allele as an equivalent of 1 extra cigarette per day for 

the length of time they have smoked to find out how much each extra cigarette impacts 

the outcome. However, as mentioned in 1.4.3 studies have shown that this estimate of 

effect seems likely to be inaccurate(57). Doing a full instrumentation would also not fully 

include the effect the allele has on current smoking status, and the reduced rate of 

quitting among those with the allele. Instead we will divide into smokers and never-

smokers and see how the allele influences the outcomes in both groups. This will simplify 

the analysis compared to a full instrumentation. 

Dividing into smokers and never-smokers means making the assumption that having one 

or two copies of the allele does not influence who tries smoking in the first place 

(smoking uptake). It seems a reasonable idea that a person with the allele would need to 

be exposed to nicotine to realise they found it addictive. This is an important assumption, 

because SES is a strong component in smoking habits, and has a documented effect on 

smoking uptake. If using the gene as an instrument is supposed to circumvent the effect 

SES has on smoking, the gene cannot have the same effect or there will be a 

confounding. We can test this assumption by checking if the distribution of alleles in the 

participants who have never smoked is the same as in the general population. 

2.1.3.2 Assumption ii – No horizontal pleiotropy 

The second assumption, that it affects the outcome only through the exposure we wish to 

study, is difficult to make with 100% certainty. The human brain and body are an 

incredibly complex system, and it is hard to say with 100% certainty that one thing 

absolutely does not affect another. Pleiotropy is when a single genetic variant influences 

multiple traits, and this is likely very common in DNA (61). Hemani, Bowden and Smith 

explain in their article on the role of pleiotropy in Mendelian Randomization that 
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If pleiotropy arises because the single nucleotide polymorphism (SNP) influences one trait, 

which in turn influences another (‘vertical pleiotropy’), then Mendelian randomization (MR) 

can be used to estimate the causal influence between the traits. […] Among the many 

limitations to MR is the unprovable assumption that apparent pleiotropic associations are 

mediated by the exposure (i.e. reflect vertical pleiotropy), and do not arise due to SNPs 
influencing the two traits through independent pathways (‘horizontal pleiotropy’). (61) 

There are methods made to try to uncover horizontal pleiotropy in the analysis and 

correct for it, as it poses a real limitation in the method (62). Such analysis require 

availability of multiple genetic instruments for the exposure(63)  and is beyond the scope 

of this thesis. Rs16969968 is furthermore well studied and established as an instrument 

for smoking in research(41, 64), which means the validity of using it as an instrument 

can rely on previous research(63). 

However, we can take advantage of the fact that in people who have never been exposed 

to smoking the SNP should not have an effect on the outcome. This gives us a negative 

control group to run the same analysis and hopefully find no effect of the allele on the 

outcome(65). The use of negative controls is described further in chapter 2.1.5. This 

relies on the assumption mentioned in the previous paragraph that having one or two 

copies of the allele does not influence uptake of smoking. Since we also assumed the SNP 

may influence transitioning from occasional smoking to daily smoking, and may also 

affect success in quitting smoking, we separate between ever-smokers and never-

smokers rather than between current, former and never-smokers. 

2.1.3.3 Assumption iii – Random distribution 

The third assumption is that is that the genes are randomly distributed in the study 

population. Genes are always randomly assigned in the sense that they are passed on by 

parents at random. Your genes as they are handed out in the birth lottery are not 

affected by any diseases you have later in life, the profession you chose etc. In this 

sense the genes are randomly distributed and are not confounded. 

This is not necessarily the case for alleles in the population. If smokers are more likely to 

pair up with other smokers, and smokers are more likely to have the allele the result 

would be a bias known as assortative mating bias(66). There could also be population 

stratification, where subpopulations end up with different SNP distributions(65). Other 

reasons a gene might not be randomly distributed would be if there was a recently 

arrived immigrant population where a SNP was more widespread. In this case the results 

would be confounded by the socioeconomic factors associated with immigrants 

mentioned earlier. To test the assumption that the SNP is randomly distributed we will 

compare the distributions of alleles in the population with an imagined idealized 

population as predicted by the Hardy-Weinberg equilibrium. 

2.1.4 Hardy-Weinberg equilibrium 

The Hardy-Weinberg equilibrium states that the genetic distribution in a population will 

remain constant from one generation to the next in the absence of disturbing factors, 

such as the above mentioned assortative mating(43). The Hardy-Weinberg equation, 𝑝2 +

2𝑝𝑞 + 𝑞2 = 1 gives the expected level of each allele in a hypothetical ideal population, 

where 𝑝2 is the proportion of the population with 0 of the SNP in question, 2𝑝𝑞 represents 

the proportion of those with one copy of the SPN and 𝑞2 represents the proportion of 

those with 2. By comparing the distribution in the general population with the ideal 

values in a Chi-squared test we can find out how close to completely random the SNP 

distribution in the population is.  
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2.1.5 Negative controls 

As mentioned in 2.1.3.1 the instrument used should only affect the outcome through its 

effect on the exposure. This assumes the allele rs16969968 only affects smoking 

behaviour once the person tries smoking, but that whether or not the person tries 

smoking in the first place is not associated with the SNP. This is an important 

assumption, because SES is a strong component in smoking habits, and has a 

documented effect on becoming a daily smoker. If using the gene as an instrument is 

supposed to circumvent the effect SES has on smoking, the allele cannot have the same 

effect or there will be a confounding. For example, if the allele makes it less likely to quit 

smoking a person with the allele would have a greater chance of having close family 

members who smoke. This could have an effect on health outcomes through childhood 

exposure to smoking. If having family members who smoke also increase the chance of 

trying the first cigarette then the effect of the smoking habits of the individual could be 

confounded by the effects of exposure to cigarette smoke as a child. I can test this 

assumption by checking if the distribution of alleles in the participants who have never 

smoked is the same as in the general population. If people without any copies of 

rs16969968 are over-represented among the never-smokers this could indicate a 

problem. 

To ensure that any association between the SNP and the outcome is mediated through 

smoking intensity an analysis will be performed on the never-smokers to see if the SNP 

affects their health outcomes(43). If the SNP is associated with outcomes also among 

never-smokers, this would indicate that the association between health outcomes and 

smoking is confounded by other pathways(65, 67). 

2.2 Study sample and variables 

As introduced in chapter 1.3 the entire adult population of Nord-Trøndelag is invited to 

participate in the HUNT-studies, and all participation is voluntary. All participants are 

invited to fill out questionnaires and all in HUNT2, HUNT3 and HUNT4 were asked to 

contribute biological material to the HUNT Biobank, where the genetic information is 

taken from(37).  

2.2.1 Participation rates in the HUNT surveys 

Table 1 shows participation in the HUNT surveys. The numbers show a decrease in 

participation rates, consistent with observations mentioned in 1.3. 

HUNT study HUNT1 (84-
96) 

HUNT2 (95-97) HUNT3 (06-09) HUNT4 (17-19) 

% Participated (adults 20+) 89,4 69,5 54,1 54 

Number participated 77 212 65 237 50 807 56 078 

Table 1: Numbers are taken from Cohort Profile Update: The HUNT Study, Norway (30).  

Studies on the population that did not participate (nonparticipation studies) were carried 

out after HUNT1 and HUNT2, both limited in scope to a few topics, and both indicating 

“only minor potential nonparticipation bias” according to Langhammer A, et al 2013. 

(38).  

For HUNT3 the non-participation questionnaire (NPQ) uncovered that more non-

participants had reported poor or very poor health compared to the participants. The 
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youngest and oldest are underrepresented in the study, with lowest rates of participation 

among those over 80 and those between 20-39. The same article found that when 

comparing participants to non-participants there was no significant difference in daily 

smoking rates for women (20.6% vs 20.2%), but a significant difference for men (16.9% 

vs 18.7%). For a disease we are looking at, such as COPD, the non-participation study 

found lower rates among the general population than in the study population for those 

under 60, and the opposite for those over 60. For diseases caused by lifestyle it is the 

older age groups that are most interesting for the analysis. In this case the most 

common reason given for not participating among the oldest potential participants was 

their health being too bad(38).  

2.2.2 Genetic data 

Genetic data was collected as part of HUNT2 and HUNT3 from whole blood. In total 

71860 participants have contributed genetic data to HUNT Biobank. The participants have 

all consented to the use of data from the genetic material and questionnaires. I have 

genetic data available on 69421 participants. Some samples are excluded because of 

technical issues or contamination, and some are excluded because they are not of recent 

European ancestry. To work as an unconfounded instrumental variable, genetic variance 

due to recent immigrant populations having different levels of an allele cannot be 

included. See appendix 3 for more information.  

2.2.3 Definition of the study sample 

To be included in the analyses, participants needed to have available genetic data and 

valid outcome variables in either HUNT2 or HUNT3. Thus, the number of individuals 

included in each analysis differ for different outcomes, and the number of included and 

excluded individuals will be specified at the beginning of each section in the results. In 

the analysis only one data point for each individual will be used, to avoid issues related 

to repeated measurements. Where there is relevant data from both HUNT2 and HUNT3 

the most recent will be selected.  

2.2.4 Important differences from HUNT2 to HUNT3 

There were some changes in the questions and the wording of the questions between 

HUNT2 and HUNT3. There were also differences in the layout and grouping of the 

questions asked. The questionnaires can be found in appendix 1.  

2.2.4.1 Smoking status 

One of the most relevant differences that impact the research at hand is a difference in 

wording of smoking status questions. In HUNT2 the question of smoking is “have you 

ever smoked daily” with the possibility to select “Never smoked daily”. They also ask 

about age at smoking initiation, time since smoking cessation and daily consumption of 

cigarettes. HUNT databank has used a combination of these questions and answers to 

assign people to the categories “Never-smoker”, “Former smoker” and “Daily smoker” in 

the variable “smoking status” for each HUNT wave(68, 69).   

In HUNT3 on the other hand, the question is “have you ever smoked” with response 

options “no”, “daily”, “formerly” or “occasionally”. This means there is an extra layer of 

stratification, as no information on occasional smoking was included in the HUNT2 

questionnaire. This has some impact on how we can define never-smokers, as we 

assume that RSrs16969968 makes it more likely to develop a daily smoking habit if 
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exposed to smoking. The group in “never-smoker” will not include those who were 

occasional smokers only and never progressed to be daily smokers.  

In addition to constructing new variables for smoking status, HUNT databank has refined 

the information from each of the questions on smoking. Doing this, they also considered 

information provided in other study waves. Where a participant has reported to never 

have smoked, but nevertheless indicated current or former smoking through their 

response to other questions, HUNT databank has recoded the never-smoking variable to 

missing. Similarly, if the participant reported smoking in an earlier study wave, the 

response on never smoking has been changed to missing. 

2.2.4.2 Defining never-smokers and ever-smokers 

For the current research project, separating between current and former smokers is not 

of interest, we only need to know whether participants are ever-smokers or never-

smokers. If I use the information in the variable “smoking status” I would lose ~1300 

participants with missing values in HUNT3 and ~1100 in HUNT2 from the study sample. I 

therefore initially used all the available information about smoking, such as given an age 

for start or cessation, information from HUNT2 to identify ever-smokers in HUNT3. After 

considering all available information, only 19 participants were categorized as missing for 

smoking status in HUNT3. Doing the same for HUNT2 would be more difficult, as I do not 

have information from HUNT1, and participants who gave a different answer from HUNT2 

to HUNT3 may have begun smoking in the interim.  

The never-smoking variable as provided from HUNT databank contained values 1 for 

never-smokers and missing for anyone else. As the ascertainment of smoking status was 

complex and depended on the study wave from which information would be used, which 

differed between outcomes, and because the result was almost identical to the 

information contained in the one variable on never-smoking, I chose to use only the 

information on this variable from each study wave.  

In short, those who have value 1 on this variable are considered to be never-smokers, 

while those who are missing data on this question are considered to be ever-smokers. 

This means that a few participants who were truly have no information on smoking will 

be assigned to the “ever-smokers”-group, instead of being discarded as missing. One 

argument in favour of this simplified definition is that HUNT has done a substantial 

amount of work on the variable that is useful here(68). 

Such a small number of participants are falsely changed from missing to ever-smoking 

compared to the total number, they are unlikely to make a difference to the analysis. 

However, I performed additional analysis using the more restrictive smoking-status 

provided by HUNT databank for the main result (SRH). 

Where there are two data points for one participant the data for HUNT3 will always be 

selected, meaning I will have the most precise category for as many participants as 

possible.  

The control group will consist of those who report that they have never smoked from 

HUNT3, and those who say they have never smoked daily from HUNT2. It is hard to 

completely avoid the issues that stem from the difference in the way these questions are 

asked. In the analysis care must be taken to make sure the selection of the non-smoking 

group is checked against the smoking data available from HUNT3. This is particularly 
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important as we have hypothesized that a difference in smoking uptake (moving from 

occasional to daily smoker) is higher for those with the allele than without the allele.  

It is possible to check those who have the status “occasional smoker” in HUNT3 against 

those who have never smoked daily in HUNT2 to see how large the overlap is. As we are 

measuring a relatively small effect it is useful to have a population that is as large as 

possible to find if the SNP has a significant influence on the outcome. 

 

2.2.4.3 COPD 

The question “Do you have COPD” is not included in HUNT2. COPD did not exist as a 

diagnosis at the time of HUNT2. COPD shows up in the library of MESH-terms for the first 

time in 2002. Instead, I will use the questions asked about daily coughing and heaviness 

of breath as a sustained problem over longer periods (3 months and 12 months 

respectively). This is a more subjective measure than asking whether one has received a 

diagnosis of a specific disease. This study makes the assumption that yes to either or 

both of these questions indicates presence of chronic lung problems and no or empty 

answers indicate absence of chronic lung problems. 

2.2.5 Variables used in the analysis 

2.2.5.1 Genetic instrument  

The instrument to represent heavier smoking is the SNP (rs16969968). The number of 

the relevant allele each participant can have is 0, 1 or 2. Due to the way the genome is 

sequenced there are some participants that have allele numbers that fall between these 

values. For numbers and tables presented here the numbers have been rounded to the 

nearest integer. For analysis purposes they are kept as they are. In total 237 values fall 

in the intervals 0.001-0.999 and 1.001-1.999. 

2.2.5.2 Confounders 

Age and sex will be included as exposures in the analysis, as both have impact on the 

outcomes. As mentioned, participants are identified by their personal identification 

number by HUNT, which are recoded in the dataset to protect the identity of the 

participants. The Norwegian PID includes information on date of birth and gender of the 

person hardcoded into the number. The date the participant attended was also recorded 

by HUNT. This means that the categories age and sex are complete in the dataset, as 

they can both have been extrapolated from the personal identification number and the 

date of participation.  

2.2.5.3 Outcomes 

I will be looking at seven outcomes; Self-reported health, COPD (HUNT3 only), signs of 

chronic lung disease (HUNT2 only), heart disease, chronic illness, cancer and stroke. 

Self-reported health (SRH) is framed as a question “how is your health in general?” and 

the possible answers are listed as “very poor”, “poor”, “good” and “very good”, which is 

assigned a number value 1-4 respectively. These responses will be recoded to Low SRH 

(1 and 2) or good SRH (3 and 4). 

In questionnaire 1 (Q1) in HUNT2 and HUNT3 participants are asked about a range of 

diseases or conditions, asked as “do you have or have you ever had x?” and have the 

response values no (0) and yes(1). From these questions I will be looking at COPD (only 
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in HUNT3), Cancer, Stroke/Cerebral haemorrhage, Heart attack and Angina pectoris. The 

first four of these are outcomes on their own. Heart attack and angina pectoris will be 

combined into one outcome, “heart disease”. Heart disease will have the value 1 if the 

participant has answered yes to either or both of the original variables, and 0 if they 

answered no to both, or answered “no” to one and did not answer the other. 

In HUNT2 participants are asked “Have you had daily coughing that brings up phlegm for 

at least 3 months?” and “Have you had attacks of wheezing or breathlessness during the 

last 12 months?”. As was done for heart disease, these will be recoded to 0 if they 

answered “no” to both, or “no” to one and refrained from answering the other, and 1 if 

they answered “yes” to either or both.  

For chronic disease the question is framed as “Do you suffer from any long-term illness 

or injury of a physical or psychological nature that impairs your functioning in your 

everyday life?”  

 

2.3 Statistical analysis 

The statistical analysis was performed using R version 4.1.2.  

2.3.1 Logistic regression  

I used binomial logistic regression to estimate the association between rs16969968 and 

each outcome. This means that the response variable must be a categorical variable with 

two possible values, here 0 and 1, where 0 indicates not having the outcome and 1 

indicate having the outcome. Each outcome was assessed in a separate model, adjusted 

for age as a continuous variable and sex.   

Under the assumptions outlined in 2.1.3, the association between rs16969968 and each 

outcome can be interpreted as an estimate of the causal effect of smoking with a higher 

intensity. However, as I did not perform full IV analysis, the estimated effect sized are 

given per allele of the smoking associated SNP and not readily translated to units of 

measured smoking, e.g. effect per cigarette smoked. 
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3.1 Describing the study sample 

We received data from all participants of HUNT2 and HUNT3, which is a total of 78959 

individual participants. Of the 78959 participants we have information on the rs16969968 

for 69421 individual participants. (See Figure 5). 1850 participants of HUNT3 and 8647 

participants of HUNT2 either did not give a sample, or did not give consent for their 

sample to be used. There is no genetic information for 9538 participants in total. For the 

rest of the thesis 69421 is the total unless stated otherwise.  

Of the 69421, 56581 have participated in HUNT2 and 48950 have participated in HUNT3, 

meaning 12 840 have only participated in HUNT3 and 20 471 have only participated in 

HUNT2. 36110 have participated in both studies. Where we have two valid datapoints for 

the participant the most recent is selected.  

Source  Participants  Mean age  St dev age  Men  Women  

HUNT2  20471  54.46  20.43  10368  10103  

HUNT3  48950  53.30  15.95  22319  26631  

Total  69421  53.64  17.40  32687  36734  

Table 2: Study population. 

Table 2 represents the total possible study sample, using all participants from HUNT3 and 

all participants who only participated in HUNT2. For each analysis participants will be 

selected based on available data for the outcome of interest. In our analysis we will be 

selecting for various outcomes, and as such the selection for each outcome will be 

slightly different.  

 Ever-smokers Never-smokers Total 

HUNT2* 13139 64% 7332 36% 20471 

HUNT3 28682 59% 20268 41% 48950 

Study population 41821 60% 27600 40% 69421 

Table 3: Ever-smokers and never-smokers in the potential study population. *Selection of HUNT2 
after those who also participated in HUNT3 are removed 

In Table 3 never-smokers were selected as those who ticked “I have never smoked” in 

HUNT3 and “I have never smoked daily” for HUNT2.  

In Table 2 and Table 3 we see the total using all participants from HUNT3 and the 

participants who only participated in HUNT2. For each outcome the selection will be 

slightly different. Where participants have missing values for the outcomes in HUNT3 

their values from HUNT2 are used instead if possible. 

3 Results and Analysis 
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3.2 Gene distribution 

The analysis is built on an assumption that the genetic distribution if the allele is random 

in the population, and that smoking uptake is random and not predicted by presence of 

absence of the allele.  

3.2.1 Comparing gene distribution to “ideal values” 

The table below shows the distribution of the allele in the total study population 

  
Total 

study 

sample 

 
Ideal* 

population 

distribution 

HUNT2 

study 

sample 

 
HUNT3 

study 

sample 

 

Number 

of alleles 
Number Percent Percent Number Percent Number Percent 

0 30716 44.25 43.95 8910 43.52 21806 44.55 

1 30816 44.39 44.69 9201 44.95 21615 44.16 

2 7889 11.36 11.36 2360 11.53 5529 11.30 

Total 69421 100  20471 100 48950 100 

Table 4: Gene distribution, all data. *Ideal distribution refers to equilibrium in population according 
to the Hardy-Weinberg-principle 

Recalling the Hardy-Weinberg principle for an ideal (hypothetical) population and 

calculating based on 𝑞2 = 0.1136, (i.e. the observed prevalence of homozygosity for the 

rs16969968 x allele) we get expected values 2𝑝𝑞 = .4469 and  𝑝2 = 0.4395 for 

heterozygosity and homozygosity of the x allele, respectively. The gene levels in the 

study population are very close these values, and a chi-squared test between our sample 

and the hypothetical ideal population is not significantly different (p-value .498).    

 

3.2.2 Comparing gene distribution in smokers vs never-smokers 

As mentioned above “occasional smoker” was an option in HUNT3, though not in HUNT2. 

Of the 3484 that stated they were “occasional smokers” in HUNT3 2171 also participated 

in HUNT2. Of these 494 gave their status as “never smoked daily”, 828 as “former 

smoker” and 747 gave their status as “daily smoker” in HUNT2.  

 

 Alleles 
Never 
Smoker 

Former 
smoker Daily smoker 

Occasional 
smoker total(100%) 

HUNT2 (%) 0 10666(43.5) 6953(28.4) 6882(28.1)  24501 

 1 10566(42.7) 6738(27.3) 7415(30.0)  24719 

 2 2686(42.8) 1634(26.1) 1951(31.1)  6271 

 

Total 
HUNT2 23918(43.1) 15325(27.6) 16248(29.3)   

HUNT3 (%) 0 9047(42.7) 7064(33.3) 3461(16.3) 1629(7.7) 21201 

 1 8897(42.3) 6853(32.6) 3783(18.0) 1488(7.1) 21021 

 2 2298(42.7) 1689(31.4) 1026(19.1) 367(6.8) 5380 
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Total 
HUNT3 20242(42.5) 15606(32.8) 8270(17.4) 3484(7.3) 47628 

 
Table 5: Gene distribution vs smoking status in HUNT2 and HUNT3. The category 

“occasional smoker” did not exist for HUNT2.  

In table 4 we see that the number of never-smokers in HUNT2 with 0 of the allele is 

slightly higher than for the ever-smokers. As mentioned in 2.2 the category “never-

smoker” in HUNT2 is less precise, or less stratified than in HUNT3. If we isolate the 

participants in HUNT3 where we have an extra layer of stratification in the data the 

difference between the general population and the never-smokers is not statistically 

significant in a chi-squared test (p-value 0.500). In a chi-square test comparing the 

whole study sample of never-smokers to the general population the difference between 

them is significant with a p-value of 0.048. 

 

3.3 Flow charts 

    

3.3.1.1 Self-reported health 

Of the 69421 participants with available genetic data 490 had no information about self-

reported health from either HUNT2 or HUNT3. This left 26901 in the never-smokers and 

42030 in the ever-smokers group, as illustrated in Figure 5.    

 

 

Figure 5: Flow chart for SRH (Self-Reported Health). 

The study sample for SRH consists of 47 467 participants from HUNT3 and 21 464 

participants from HUNT2.  

For the sensitivity analysis all participants who had missing data for smoking status in 

both HUNT2 and HUNT3 were excluded. This resulted in a sample of 39718 participants, 

2312 fewer than the sample used in the main analysis.  
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3.3.1.2 Chronic disease 

The study sample for chronic disease consisted of 47 911 participants from HUNT3 and 

20 106 participants from HUNT2.

 

Figure 6 Flow chart for answers to “Do you suffer from any long-term illness or injury of a physical 
or psychological nature that impairs your functioning in your everyday life?” 

3.3.1.3 COPD 

 

 

Figure 7: Flow chart for “Do you have COPD/chronic emphysema” HUNT3. 

The study sample for COPD consisted of 48 931 participants from HUNT3. 

 

3.3.1.4 Lung disease symptoms 
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Figure 8: Flow chart for answers to questions on symptoms of lung problems from HUNT2 only. 

No valid response to the COPD-stand in should be read as no response to both questions 

on lung health used (“daily coughing with phlegm for 3 consecutive months” and 

“shortness of breath for the last 12 months”). In addition to the 29 who had no valid 

response to either question a further 22 had not responded to one of them. In these 

cases the given answer was used on its own. As a binomial logistic regression requires 

the outcome to be expressed binomially (0 or 1) no distinction was made between those 

who responded yes to both (1201) and those who responded yes to only one or the other 

(7373).  

3.3.1.5 Cancer 

Cancer had a very high number of missing values from HUNT2 (see Table 6), especially 

considering a very small amount of participants answered “yes” to the question.  

 

Figure 9: Flow chart for “Do you have or have you ever had Cancer?” 

The study sample for cancer consisted of 48 937 participants from HUNT3 and 18 682 

participants from HUNT2. 

 

3.3.1.6 Heart disease 

No valid response to heart disease in should be read as no response to both questions on 

heart disease used (“do you have or have you ever had a heart attack” and “Do you have 

or have you ever had angina pectoris”). In addition to the 27 who had no valid response 

to either question a further 27 had not responded to one of them. In these cases the 
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given answer was used on its own. As a binomial logistic regression requires the outcome 

to be expressed binomially (0 or 1) no distinction was made between those who 

responded yes to both and those who responded yes to only one or the other. 

 

 

Figure 10: Flow chart for myocardial infarction or angina, combined here to “heart disease”  

The study sample for heart disease consisted of 48 943 participants from HUNT3 and 20 

451 participants from HUNT2. 

 

3.3.1.7 Stroke/cerebral hemmorhaege  

 

 

Figure 11: Flow chart for stroke or cerebral haemorrhage. 

The study sample for stroke or cerebral haemorrhage consisted of 48 942 participants 

from HUNT3 and 20 379 participants from HUNT2. 
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3.3.2 Table over missing values by outcome 

 

For each analysis the data was first divided into those with valid outcomes in HUNT2 and 

HUNT3, then divided into ever-smokers and never-smokers. For all cases the most recent 

data point was included where there was data from both surveys available. To see how 

many were grouped into the exposure group (ever-smokers) vs control group (never-

smokers) see the flow charts, figures 5-11. 

 

Outcome    
Study 
sample (n) % HUNT2 (n) HUNT3 (n) 

Total   69421 100 56581 48950 

Low SAH  Yes  19714 28.40 14966 12325 

  No  49217 70.90 41181 35142 

  Missing  490 0.71 434 1483 

COPD  Yes  1676 3.42 - 1676 

  No  47255 96.54 - 47255 

  Missing  19 0.04 - 19 

Lung 
symptoms Yes  8574 15.15 8574 - 

 No  47978 84.80 47978 - 

 Missing  29 0.05 29 - 

Stroke/CH Yes  2105 3.03 1040 1339 

 No  67216 96.82 55436 47603 

 Missing  100 0.14 105 8 

Heart disease Yes  5408 7.79 3593 2924 

 No  63986 92.17 52960 46019 

 Missing  27 0.04 28 7 

Chr disease Yes  28791 41.47 18793 19837 

 No  39226 56.50 35604 28074 

 Missing  1404 2.02 2184 1039 

Cancer Yes  3728 5.37 1997 2701 

 No  63891 92.03 51608 46236 

 Missing  1802 2.60 2976 13 

 

Table 6: Missing variables for each outcome. 

In Table 6 we see the missing values for each outcome variable. There was no data lost 

to missing values in any of the other columns used (smoking status, sex, age). There is a 

marked difference in missing between HUNT2 and HUNT3, with many more being missing 

in the former. It is particularly notable that for cancer the number of missing values for 

HUNT2 (2976) is higher than the number who responded that they had had cancer 
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(1997). In contrast 2701 said they had had a cancer diagnosis in HUNT3 and only 13 

didn’t respond.  

 

3.4 Results of logistic regression 

Table 7 shows the results of the logistic regression. In all analyses sex and age were 

corrected for at once 

 Ever-smoker Never-smoker 

Outcome OR 95% CI p-value OR 95% CI p-value 

Self-reported health 1.01 0.98-1.04 0.65 1.01 0.97-1.06 0.6 

Chronic disease 1.01 0.98-1.04 0.42 1.00 0.96-1.04 0.9 

COPD HUNT3 1.16 1.07-1.25 0.0004 1.00 0.84-1.20 0.97 

Lung symptoms 
HUNT2 1.14 

1.09-1.18 1.57E-09 0.99 0.93-1.06 0.80 

Stroke/ CH 1.07 0.99-1.16 0.10 0.93 0.83-1.05 0.25 

Heart disease 1.04 0.99-1.10 0.15 1.03 0.95-1.12 0.51 

Cancer  0.99 0.93-1.05 0.70 0.91 0.84-0.99 0.04 

Cancer (HUNT3 only) 0.98 0.91-1.06 0.64 0.92 0.83-1.01 0.09 

SRH sensitivity analysis  1.01 0.98-1.04 0.68 - - - 

Table 7: Odds ratios (OR) for all outcomes. In all analyses sex and age were corrected for 

3.4.1 Results for the ever-smokers 

For the ever-smokers rs16969968 had no significant effect on self-reported health. A 

sensitivity analysis was done on SRH, and the analyses redone with a stricter selection 

criteria for ever-smokers. For this analysis the results for the odds ratio and confidence 

interval were identical to at least two decimal places.  

For the other outcomes, there was no significant effect on chronic illness, stroke or heart 

disease. I did find a significant effect on COPD and lung symptoms. As we see in Table 6, 

the number of participants with lung disease symptoms is much higher than for COPD, 

but the size of the effect of the allele on the outcomes is very similar.  

3.4.2 Results for the control group 

For the negative controls there were no significant results, with the exception of the 

result for cancer. For cancer there was a significant (p<0.05) effect for the negative 

control group. As there was a very large number of missing values for the question on 

cancer from HUNT2 the analysis was re-done with only the values from HUNT3, where 

the number of missing values is much lower. In this case there was no longer a 

significant result. 

For the other outcomes there are no significant results for the never-smokers. In 

particular there are no significant results for COPD and lung symptoms, which are the 

two where there were significant results for the exposure group.  
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4.1 Main results 

4.1.1 Main results ever-smokers 

For the main question, does smoking more negatively impact self-assessed health 

rs16969968 had no significant effect on the outcome. Having the smoking-increasing 

allele significantly impacted COPD or presence of self-reported coughing symptoms, and 

had a large impact on these outcomes. However, it did not have a significant impact on 

having a chronic disease. The number with COPD is very small compared to the total 

number of people with chronic disease, so the effect may not be large enough.   

For stroke/cerebral haemorrhage and heart disease the results provide weak evidence of 

an effect of having the allele, but not a statistically significant one. Taken together they 

could show a trend that having the allele has an impact on the cardiovascular system, 

however this study finds nothing conclusive here. For cancer the allele seems to have no 

impact on the risk of developing cancer, and the risk estimate is even below 1.  

4.1.2 Results never-smokers 

There were no significant results among the never-smokers, apart from the results for 

“have you ever had cancer”. Due to the large number of missing answers on that 

particular outcome from HUNT2 I redid the analysis using only the data from HUNT3. In 

this case the result was no longer statistically significant. For further discussion on this 

outcome see below. 

4.2 Methodological considerations 

4.2.1 Smoking status 

The way smokers and never-smokers were measured and selected could not be 

completely precise, considering how the data was collected. In addition to adding the 

category “occasional smoker” in HUNT3, the main distinction made was based on the 

answer to “Have you ever smoked” for HUNT3 and “Have you ever smoked daily” for 

HUNT2. This might have led to some degree of misclassification as we used smoking 

status to define a negative control group, and some occasional smokers from HUNT2 will 

have ended up in the negative controls, which could introduce information bias. It is 

difficult to estimate how much of a difference the information bias made with accuracy. 

The fact that less than 500 who claimed to be occasional smokers in HUNT3 gave their 

status as “Never smokers” in HUNT2 suggests the number is not enough to greatly affect 

the analysis. Some of these may have started smoking between the two screenings, but 

as smoking is a habit most start in their teens, this seems unlikely to be true for all of 

them. 

In the analysis care was taken to remove participants from the never-smokers group in 

the HUNT2 data if they were present in the ever-smoker group for HUNT3. This 

precaution would have no impact on those occasional smokers who gave their status as 

4 Discussion 
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“Never smoker” in HUNT2, but did not participate in HUNT3. As mentioned in 2.3, HUNT 

has used further answers (age at start of smoking, answers from HUNT1 etc) to remove 

contradictory positives from this category, which also helps make the data more robust. 

The fact that there was no effect for COPD with the control group suggests this was 

effective. 

4.2.2 Missing data 

On the whole relatively small amounts of participants are excluded from the analysis due 

to missing data. The way the information is collected means that there is no missing data 

for gender and age, the two confounding variables the analysis corrects for. The decision 

to divide simply into smokers and never-smokers meant no participants were lost here 

either, though as discussed, this may affect the precision of the data for the exposure 

group. 

4.2.2.1 No genetic information  

The exception is in the data that is not included because there is no genetic information. 

This accounts for 9000 participants, which is a significant section of the participants. 

However, as mentioned in the cohort profile, there is no particular reason to believe 

there is a strong bias here. And as mentioned in 2.2.2.2 the data excluded from the 

samples given are due to methodological concerns for MR studies.  

4.2.2.2 Cancer 

For cancer in particular there is a large amount of missing data, and a marked difference 

between the number of missing cases in HUNT2 and HUNT3. For HUNT2 the number of 

missing data for that question is higher than positive responses. There is also a much 

higher number of respondents answering “yes” in HUNT3 despite a smaller total. There 

are many factors that could be influencing both the high number of missing cases in 

HUNT2 and the increase of cases in HUNT3.  

There was significant progress made in cancer treatments between 1995 and 2005(70). 

As such there may well have been more survivors of cancer in HUNT3 than in HUNT2. 

Cancer is also much more common among the oldest in the population, and the incidence 

of cancer has increased as the average age of the population has increased. These two 

things taken together suggest there might genuinely be more cancer survivors in HUNT3 

than in HUNT2.    

Another explanation may be that a relatively high proportion of the missing cases from 

HUNT2 would have been positive answers. It can be easy to forget these days, but 

cancer was a disease that was much more stigmatized a few decades ago. HUNT2 taking 

place in the mid-90s, the question about cancer may have been one more people weren’t 

comfortable answering in 1995, and cancer survivors may have been less open about the 

fact. A lower participation rate in HUNT3 could also mean that the average level of 

motivation among those that showed up was higher, and those that did were more likely 

to answer every question. There could be more missing data from some questions from 

HUNT2 than HUNT3 because of study design, or the graphic layout of the questions. The 

high number of missing from HUNT2 would at any rate make results less reliable. 

4.2.3 Chronic disease 

One category where we see a slightly similar trend to the one for cancer is for chronic 

disease. This is less significant because there is a much higher number of people who 

have responded positively to the question of whether they have a chronic disease. There 
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were however more participants who had not answered in HUNT2 than in HUNT3. This 

may be a similar question of stigma, or simply that the layout of the questionnaire had 

improved by HUNT3. 

Other studies and reviews examining chronic or long-term disease also comment on the 

ambiguity of the term, and sometimes use long-lasting illness or disability as categories 

that overlap with chronic disease(20). Does a chronic disease mean long-lasting or any 

disease that is incurable? If you are diagnosed with a chronic condition that is well-

managed and has little or no impact on your daily life, do you think of yourself as 

someone who is chronically ill? In HUNT this question is phrased in a particular way;  

Do you suffer from any long-term illness or injury of a physical or psychological nature that 

impairs your functioning in your everyday life? 

What constitutes “impairing function” may be subjective.  

4.2.4 Potential survivor bias 

The results for some of the outcomes may have been affected by survivor bias. As it is 

well known from medical literature that smokers have worse outcomes from a range of 

diseases(9), there may be more who succumbed to illness among the smokers, and more 

who became too ill to participate in the study. This question could be examined in the 

future by coupling the data with the death registry, or other health registries in Norway. 

There were no significant differences between those with and without the allele for 

stroke, heart disease and cancer. This could be survivor bias playing into the numbers. 

The question is obviously “have you had and survived a stroke”. We know from 

Langhammar et al (2012) that non-participation is highest among the oldest and 

youngest(38). For the oldest the most common reason given for non-participation was 

that their health was too bad.  

4.2.4.1  

Cancer may also have been a poor choice for variable because survivor bias may have a 

high impact when looking at smokers and cancers. There is no access to the death 

registry or other medical information for this study, and as such we do not have the 

accurate incidence rate. The cancers that are most closely associated with smoking are 

cancers of the lungs and throat. These cancers have a very low 5-year survival rate. For 

lung cancer in Norway in 2009 the 5-year survival rate for lung cancer was 15% 

compared to the more common breast and prostate cancers that have survival rates 

around 85%, and where smoking plays a much smaller role in developing the disease. In 

addition, smoking significantly reduces the chances of 5-year survival in all cancers, 

because of an increased chance of complications after surgery and increased chances of 

the cancer metastasizing(70-72).        

A literature review by Dieteren et al (2021) looking at time spent with low SRH, long 

term disease or a disability in smokers and never-smokers found mixed results from the 

studies they examined. Smokers consistently became disabled at a younger age than 

never-smokers, but in half of the studies they spent shorter time with the disability or 

long-term illness than never-smokers (20). The other half of the studies mostly found 

smokers were ill for the same amount of time, while a few showed smokers were 

disabled or ill for longer. If smokers spend less time with a chronic disease before they 

become too ill to participate in population studies, this could be the reason rs16969968 

has no effect on chronic disease. The same study found no similar effects in duration for 
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SRH, and all studies found that smokers spent more years with low SRH than non-

smokers, so this would not explain the lack of effect on that outcome.   

 

 

4.3 Assumptions for the instrumental variable 

We made three assumptions about the allele that need to be satisfied in order for the 

allele to be a valid instrument for increased smoking and nicotine dependency.  

1. rs16969968 affects smoking 

2. There is no horizontal pleiotropy 

3. rs16969968 is randomly distributed 

4.3.1 rs16969968 affects smoking 

The relevance of rs16969968 for smoking intensity has been thoroughly assessed 

previously, and has also been verified within the HUNT Study. A previous study had 

found that rs16969968 added on average 0.66 daily extra cigarettes for participants with 

one allele as compared to those without it(48). The reason for not doing a full 

randomization was that there were several studies that found reasons to believe the real-

life effect was larger than this, possibly due to  taking longer puffs or under-reporting 

smoking in surveys(41). A further reason was the influence of the gene on the chances of 

successfully quitting smoking. This mechanism can be seen clearly in the numbers in 

Table 5; with the allele you have a lower chance of quitting smoking once you have 

started.  

In the same table we see that there is a lower percentage of daily smokers, and higher 

rates of both occasional smokers and former smokers among those with no copies of the 

SNP. Among current daily smokers from the most recent data there is a significant 

difference in the SNP distribution compared to the general population. This indicated that 

you have a significantly lower chance of successfully quitting smoking if you have 1 or 2 

of the gene. The effect is also stronger with two alleles compared to only one. 

In addition the gene suggests a higher chance of going from casual to daily smoker. 

Another reason there are more people with 0 of the allele in the “occasional smoker” 

group may not just be that the allele influences moving from occasional to daily smoker, 

but also that those with the allele may be too strongly addicted to be able to smoke 

occasionally after quitting daily smoking.  

 

4.3.2 Horizontal pleiotropy 

Choosing well-described genetic instruments with known effects have been 

recommended to reduce the chance of bias from pleiotropy in Mendelian randomization 

studies{Burgess, 2019 #34}. With the exception of the outcome cancer for the whole 

study population, there were no significant results in the control group which suggests 

there is no horizontal pleiotropy that is immediately obvious. In other words, the SNP 

does not seem to affect any of the outcomes, except through the exposure (smoking). If 

the cancer result reflects a real effect of rs16969968 it is very hard to imagine a pathway 

based on what we know about the allele so far. I was unable to find any reasonable 
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explanation in the literature. The most likely explanation seems that the large amount of 

missing data from HUNT2 biased the results.  

There is never a guarantee that the gene does not affect the outcomes we are interested 

in in other ways, especially in a gene that directly impacts a function in the human brain. 

A previous study did find that in never-smokers rs16969968 does seem to increase the 

chances of experiencing anxiety(45), which could particularly affect the more subjective 

outcomes. It is not outside the realm of possibility that if smoking is an effective self-

medication for people with rs16969968 who experience anxiety, it could help them feel in 

better health. However, if that were the explanation, the anxiety did not have a strong 

enough effect to affect the outcome for never-smokers.  

4.3.3 Allele is randomly distributed 

The allele is as close to randomly distributed as we are likely to come, when compared to 

a hypothetical ideal population in Table 4. This is not a guarantee that the allele is 

randomly distributed in the entire population of Nord-Trøndelag. Among men there were 

more smokers among the non-participants than the participants for HUNT3(38). As 

mentioned in the introduction, there is an effect of marginalized people participating less 

in population surveys(36). In HUNT3 poor health was the most common cause of non-

participation among those over 60(38). When taken into account that smokers with the 

allele have higher risk of COPD, there may be more people with one or two copies of the 

allele among the non-participants.  

There is also still the possibility of confounding due to dynastical effects, where behaviour 

is “inherited” through social mechanisms{Brumpton, 2020 #51}. Since exposure to 

smoking in childhood can also affect health outcomes, and passive smoking can cause ill 

effects, this can introduce a bias. People with the allele may be more likely to grow up in 

a household with a smoking parent.   

4.3.3.1 Does the allele influence smoking uptake? 

One way to check for dynastical effects could be seeing if rs16969968 has the same 

distribution among never-smokers as it does in the general population. It would not 

prove there are no such effects, but it could be a useful indicator. In Table 5 it seems the 

distribution among never-smokers is very close to the distribution in the general study 

population. HUNT3 data is the most accurate to use for this as it distinguished between 

those that have never smoked, and those that never smoked daily. Comparing the 

general population and never-smokers from HUNT3 the two are not statistically different 

in a Chi-square test.  

There is a significant difference if I include the never-smokers from HUNT2, but as 

mentioned, this is a less precise category. We see that 7% of the population fell into the 

category “occasional smokers” in HUNT3. If we compare to Figure 1 the rate of 

occasional smokers seems relatively stable between 1995 and 2005. Still, all these 

clearly did not end up in the “never-smoker” category for HUNT2, which was a concern in 

the study design. It seems a significant proportion of the occasional smokers in HUNT3 

fell in the category “former daily smoker” in HUNT2. This could have created a bias if we 

had distinguished between current and former smokers in the analysis, as it seems clear 

there is a higher chance of quitting smoking if you do not have the allele. 

A reasonable explanation could be a result of the allele influencing the move from 

occasional smoker to daily smoker. Occasional smokers who never developed a daily 

smoking habit would give their smoking status as “I have never smoked daily” in HUNT2. 
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As the numbers seem to show that having one or two copies of the allele increases the 

chance of transitioning from occasional to daily smoker, the number of never-smokers 

with no copies of the allele would be slightly higher, as observed.  

In Table 5Table 3 we also see that there is a slightly higher percentage overall 

included in the ever-smoker group in HUNT2 vs HUNT3, despite the inclusion criteria 

being stricter for HUNT3 than HUNT2. This is likely due to the reduction in smoking rates, 

that as per Figure 1 have been steadily decreasing since the 1970s.  

Performing the analyses within families, to account for the confounding social effects of 

inheriting behaviour along with genes from our families, would have strengthened the 

inference. However, this was not feasible, as I did not have available data on 

siblingships, and statistical power would likely have been insufficient, if the data had 

been available{Brumpton, 2020 #51}. 

4.3.4 Main results never-smokers 

For the control group the allele has no significant effect, except in the case of cancer. The 

results indicate is a slightly lower risk of cancer for participants with the SNP. I struggle 

to find an explanation for this. For the other results there are no trends of possible 

effects that are statistically significant. This is important as it would be easy to imagine 

people with the allele being more likely to grow up in a household where one or both 

parents smoke, and second hand smoke exposure in childhood has been found to have a 

measurable impact on some of the health outcomes studied in this thesis. 

4.3.5 Conclusion MR assuptions and methodology 

Taken together it seems reasonable to use rs16969968 as an instrument for heavier 

smoking. I have also demonstrated that the effect the allele has on smoking behaviour 

goes beyond the 1 cigarette extra per day that the former studies have estimated. Given 

that it influences both moving from occasional to daily smoking and successfully quitting 

it would also increase the number of years smoked. 

In the negative control group rs16969968 had no significant impact on the OR for any 

outcome, except in the case of cancer, which is likely to be caused by a bias in the 

missing data.  

4.4 In relation to other research and speculation 

There is no correlation between rs16969968 and low self-reported health in these data. 

This is surprising given that the allele has a major impact on health and mortality, and 

the strong association SRH has to both objective health status(44) and mortality. 

4.4.1 Are there expectations of ill health? 

The lack of effect of smoking intensity on overall self-reported health is particularly 

striking considering the clear effect on reported airway symptoms. There may be a 

certain expectation of ill health among smokers. We do call it “røykhoste” (smokers 

cough) in everyday language, so the feeling may be that daily coughing is to be expected 

rather than being a sign of ill health. This seems to be contrary to studies that have 

found self-reported health has such a strong correlation to mortality and is a good 

predictor for health status{Dramé, 2023 #42}. 

There was no statistically significant effect from the allele on having a chronic disease. 

This is surprising as smoking has been linked to a greater chance of developing a chronic 
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or long-term disease(73) and developing a chronic disease at an earlier age(20). It would 

also seem to be a more objective measure, less affected by expectations. While non-

participation among the least healthy people in the oldest generations {Langhammer, 

2012 #50}, smokers being at greater risk for multimorbidity{Stagg, 2023 #46} may 

mean more of them remain at home instead of making the trip. However, the way the 

question was phrased included both mental and physical conditions, and that is a group 

where we have seen the case for smoking as a causative agent is divided. The question 

the way it was phrased also asked if the disease impacted their functioning in everyday 

life. Many cardiovascular conditions tied to smoking can be managed well with surgeries 

or medication, and participants may not have felt that such conditions impacted their 

daily life to a great extent. 

COPD has a significant impact on health and quality of life and impacts all parts of daily 

life(74). The group that reported having COPD was relatively small, and we know from 

the non-participation study that there is significantly higher levels of COPD among the 

older population in general than in the study, which coincides well with the most common 

reason given for non-participation in those over 80 being poor health. The number of 

participants with COPD is a small portion of the overall people with a chronic disease, so 

it might not be enough to show on the scale.  

4.4.2 Shorter periods of ill health 

As the population gets older, complex medical cases also become more common, and 

many of the oldest population have several chronic diseases. Other studies have found 

that smoking increases the chances of going from one to multiple long-term diseases, or 

from a long term disease to a disability (73). Since we have established that people with 

rs16969968 find it harder to quit smoking than people without the allele, it is very likely 

that they are over-represented in the group that does not quit smoking after a major 

health scare. It is easy to see that this could lead to increased mortality and therefore a 

shorter period spent living with a chronic condition or bad health. Since it also increases 

the risk of multimorbidity and disability, as mentioned above there may be more with 

rs16969968 who are in too bad health to show up to the HUNT screening, compared to 

those without. 

4.4.3 Does denial play a part? 

It was mentioned in the introduction that smokers often underestimate the effect of 

smoking on their health. For the examples of COPD and daily coughing, these seem like 

symptoms that would have an adverse effect on a subjective feeling of health. Heavy 

breathing impacts all parts of daily life and might be reasonably expected to have a 

substantial impact on an individual’s quality of life. If 15% of the population have these 

lung symptoms, and 1 or 2 of the allele has a large impact on the chance of developing 

these symptoms, it seems unreasonable that this does not have an impact on the 

subjective health experience. This could be due to smokers having a reduced expectation 

of their own health.  

The way the question regarding chronic health particularly was asked does leave some 

room for subjective thinking on the part of the participants. The phrasing was “Do you 

suffer from any long-term illness or injury of a physical or psychological nature that 

impairs your functioning in your everyday life?” COPD is a disease that gets worse very 

gradually, as does smokers cough and shortness of breath. For a patient with COPD over 

time their bodies adjust to having lower levels of oxygen to the extent that oxygen 
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therapy can even be harmful. The change to the daily functioning may come so slowly 

that there is no sudden noticeable shift(72). If there is a combination here of the idea 

that smokers have internalized the expectation of ill health and the slow approach of the 

worsening symptoms, that may have some part to play in their answers. It may make it 

easier to deny the impact smoking has on their daily lives. 

One study did find a correlation between rs16969968 and anxiety in people who did not 

smoke(45). Studies have shown that it is those with most anxiety after a cancer 

diagnosis that are least likely to quit smoking, which seems counterintuitive(16). If one is 

very concerned about a cancer diagnosis, quitting smoking would be the best thing to 

reduce the chance of a bad outcome. The impulse to self-soothe can be very strong for 

people with anxiety(14), and if they feel the cigarettes help it may be very comforting to 

be in denial about the effect smoking has on overall health.  

4.4.4 Health is not just physical 

If smoking reduces anxiety for people with rs16969968, the subjective experience of 

health may very well be improved by smoking. When looking at the global disease 

burden and factors that contribute to a reduction in QALY’s (Quality Adjusted Life Years), 

mental health issues contribute a great deal to that reduction. That is not to say that 

smoking is on the whole good for mental health. The same study that found smoking did 

not have a causative effect on anxiety did instead find that smoking probably has an 

effect on depression, which is also a major mental health issue(45).  

Though several studies have found a strong correlation between smoking and low SRH, 

many of studies have found stronger correlations between low SES and low SRH(7, 26, 

73, 76). Having a small support network can also be strongly correlated with negative 

outcomes(73). If smoking is part of someone’s social life, smoking cessation may have a 

negative impact on self-reported health in a negative direction. 

4.4.5 Conclusions  

I have shown that rs16969968 seems to increase the chance of moving from occasional 

to daily smoker, and reduces the chance of successfully quitting smoking among, and 

that the effect is stronger with two alleles than with one. This is confirmation of previous 

research on the field, though the statistics on occasional vs daily smoking is not explicitly 

stated in the previous literature studied for this thesis. The result that the gene 

distribution among never-smokers is the same as among the general population is a 

useful one, and helps add to the validity of rs16969968 as an instrument for smoking.  

Having the smoking-increasing allele of rs16969968 is not associated with lower SRH or a 

higher incidence of chronic disease among ever-smokers. This indicates that higher 

intensity of smoking does not lead to poorer SRH or more higher prevalence of chronic 

disease. This is surprising, as SRH is tied to higher mortality and morbidity, and smoking 

is similarly tied to mortality and morbidity in many studies, including studies which have 

used rs16969968. While positive health outcomes may be an important source of 

motivation for people to quit smoking, the subjective experience of health improvement 

from quitting smoking may not be the same. A focus on helping people trying to quit 

tackle anxiety and develop healthier coping mechanisms may be more fruitful in 

achieving higher levels of smoking cessation.  
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Du inviteres herved til å delta i den tredje store Helseundersøkelsen i Nord-
Trøndelag (HUNT 3). Ved å delta får du en enkel undersøkelse av din egen helse, 
og du gir samtidig et viktig bidrag til medisinsk forskning.

Hver deltaker er like viktig, enten du er ung eller gammel, frisk eller syk, er HUNT-
veteran eller møter for første gang. Tilsvarende undersøkelse er tidligere gjennom-
ført i 1984-86 (HUNT 1) og 1995-97 (HUNT 2 og Ung-HUNT).  For å kunne studere
årsaker til sykdom, er det viktig at også de som tidligere har deltatt møter fram. 

Vennligst fyll ut spørreskjemaet, og ta det med når du møter til undersøkelse.

Undersøkelsen tar vanligvis ca 1/2 time. Du vil få brev med resultater fra dine
prøver etter noen uker. Dersom noen av resultatene er utenom det normale, vil du
bli anbefalt undersøkelse hos fastlegen din.

Du kan lese mer om HUNT 3 i den vedlagte brosjyren eller på www.hunt.ntnu.no.
Har du spørsmål, kan du også ringe til HUNT forskningssenter, tlf 74075180.

Vel møtt til undersøkelsen!
Vennlig hilsen

Steinar Krokstad Jostein Holmen Stig A. Slørdahl
Førsteamanuensis Professor, daglig leder Professor, dekanus

Prosjektleder HUNT 3 HUNT forskningssenter Det medisinske fakultet, NTNU

Dersom det foreslåtte tidspunktet ikke passer for deg, behøver du ikke
bestille ny time. Du kan møte når det passer deg innenfor åpningstiden,
men det kan da bli noe ventetid. Du kan også møte i en annen kommune,
hvis det skulle passe bedre. Takk for at du deltar!

Åpningstida: 

Invitasjon til HUNT 3

Tid og sted for oppmøte
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Slik fyller du ut skjemaet

Rett Galt ��X

• Skjemaet vil bli lest maskinelt. 

• Det er derfor viktig at du krysser av riktig:

• Krysser du feil sted, retter du ved å fylle boksen slik:

• Skriv tydelige tall:  

• Bruk bare svart eller blå penn. Ikke bruk blyant eller tusj.
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HELSE OG DAGLIGLIV SYKDOMMER OG PLAGER

Hvordan er helsa di nå?1

Dårlig

Har du noen langvarig (minst 1 år)
sykdom, skade eller lidelse av fysisk
eller psykisk art som nedsetter dine
funksjoner i ditt daglige liv? 

Hvor mye vil du si at dine funksjoner er nedsatt? 

2

Ikke helt god God Svært god

Ja Nei

Har du i løpet av de siste 12 måneder vært hos:6

Ja Nei

Har du vært innlagt i sykehus
i løpet av de siste 12 måneder?

7 Ja Nei

Har du kroppslige smerter nå som
har vart mer enn 6 måneder?

3

Hvor sterke kroppslige smerter har du hatt i løpet
av de siste 4 uker?

4

Ja Nei

Er bevegelseshemmet..................

Har nedsatt syn .............................

Har nedsatt hørsel ........................

Hemmet pga. kroppslig sykdom.

Hemmet pga. psykisk sykdom.....

Hjerteinfarkt ...................................

Angina pectoris (hjertekrampe) ...

Hjertesvikt ......................................

Annen hjertesykdom.....................

Hjerneslag/hjerneblødning ..........

Nyresykdom...................................

Astma .............................................

Kronisk bronkitt, emfysem, KOLS

Diabetes (sukkersyke)....................

Psoriasis..........................................

Eksem på hendene .......................

Kreftsykdom...................................

Epilepsi...........................................

Leddgikt (reumatoid artritt) ..........

Bechterews sykdom ......................

Sarkoidose .....................................

Beinskjørhet (osteoporose) ..........

Fibromyalgi ....................................

Slitasjegikt (artrose) .......................

Psykiske plager som du
har søkt hjelp for ...........................

Fastlege/allmennlege .....................................

Annen legespesialist utenfor sykehus ...........

Konsultasjon uten innleggelse 

- ved psykiatrisk poliklinikk.........................

- ved annen poliklinikk i sykehus ...............

Kiropraktor .......................................................

Homøopat, akupunktør, soneterapeut, hånds-

pålegger eller annen alternativ behandler ...

Har du hatt noe anfall med pipende
eller tung pust de siste 12 måneder?

8 Ja Nei

Har du noen gang de siste 5 år
brukt medisiner for astma, kronisk
bronkitt, emfysem eller KOLS?

9
Ja Nei

Bruker du, eller har du brukt,
medisin mot høyt blodtrykk?

10 Ja Nei

Har du noen gang fått påvist for
høyt blodsukker?

12 Ja Nei

Har du, eller har du noen
gang hatt, noen av disse
sykdommene/plagene: 
(Sett ett kryss pr. linje)

11

Mode-
rate Sterke

Meget
sterkeIngen

Meget
svake Svake

I hvilken grad har din fysiske helse eller følelses-
messige problemer begrenset deg i din vanlige
sosiale omgang med familie eller venner i løpet av
de siste 4 uker?

5

Mye

Kunne ikke
ha sosial
omgang

Ikke i det
hele tatt En del Litt

Hvis ja:

Hvis ja: I hvilken situasjon første gang?

Hvis ja, hvor gammel
var du første gang?

Litt
nedsatt

Middels
nedsatt

Mye
nedsatt

Ja Nei

Eksempel:

Ved helseundersøkelse... Under sykdom .............

Under svangerskap ......... Annet ............................

HELSETJENESTER

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel
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Lårhalsbrudd ..............................

Brudd i handledd/underarm ....

Brudd/sammenfall av ryggvirvler

Nakkesleng (whiplash)...............

Har du noen gang hatt: 13

Ja Nei

Hjerneslag eller hjerneblødning 

før 60 års alder...........................................

Hjerteinfarkt før 60-års alder ....................

Astma..........................................................

Allergi/høysnue/neseallergi......................

Kronisk bronkitt/emfysem/KOLS..............

Kreftsykdom ...............................................

Psykiske plager ..........................................

Beinskjørhet (osteoporose).......................

Nyresykdom (ikke nyresten, 

urinveisinfeksjon, urinlekkasje) .................

Diabetes (sukkersyke)................................

Har du foreldre, søsken eller barn som
har, eller har hatt, følgende sykdommer?
(Sett ett kryss pr. linje)

14

Ja Nei
Vet
ikke

Trygg og rolig?................................

Glad og optimistisk? ......................

Nervøs og urolig?...........................

Plaget av angst? .............................

Irritabel?...........................................

Nedfor/deprimert? .........................

Ensom? ............................................

Nei, jeg har aldri røykt .....................................................

Hvis du aldri har røykt, hopp til spørsmål 22.

Nei, jeg har sluttet å røyke..............................................

Ja, sigaretter av og til (fest/ferie, ikke daglig) ...............

Ja, sigarer/sigarillos/pipe av og til .................................

Ja, sigaretter daglig .........................................................

Ja, sigarer/sigarillos/pipe daglig ....................................

Har du de to siste uker følt deg:
(Sett ett kryss pr. linje)

16

LittNei
Svært
mye

En god
del

Har noen av dine besteforeldre,
dine foreldres søsken eller dine
søskenbarn fått diagnosen diabetes
(type 1 eller type 2)?

15

Ja Nei

Røykte noen av de voksne 
innendørs da du vokste opp?

18 Ja Nei

Røykte mora di da du vokste opp?19 Ja Nei

Røyker du selv? 20

Svar på dette hvis du nå røyker daglig 
eller tidligere har røykt daglig: 

Hvor mange sigaretter røyker
eller røykte du vanligvis daglig?

21

Har du noen gang i livet opplevd at
noen over lengre tid har forsøkt å
kue, fornedre eller ydmyke deg?

17 Ja Nei

sigaretter
pr. dag

Hvor gammel var du da du
begynte å røyke daglig?

Hvis du tidligere har røykt daglig,
hvor gammel var du da du sluttet?

Svar på dette hvis du røyker eller har røykt 
av og til, men ikke daglig: 

Hvor mange sigaretter røyker
eller røykte du vanligvis i måneden?

Hvor gammel var du da du 
begynte å røyke av og til?

Hvis du tidligere har røykt av og til,
hvor gammel var du da du sluttet?

Bruker du, eller har du brukt, snus?22

Hvor gammel var du da du
begynte med snus?

Hvor mange esker snus
bruker/brukte du pr. måned?

esker snus
pr. måned

A

21
B

Hvis ja:

Nei, aldri .......................... Ja, av og til...................

Ja, men jeg har sluttet.... Ja, daglig .....................

Hvis du aldri har brukt snus, hopp til spørsmål 23.

SKADER

HVORDAN FØLER DU DEG?

TOBAKK
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Hvis ja, hvor gammel
var du første gang?
Eksempel:

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

år 
gammel

sigaretter
pr. mnd

år 
gammel

år 
gammel

år 
gammel
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Hvis du bruker eller har brukt både sigaretter og 
snus, hva begynte du med først?

Omtrent hvor ofte har du i løpet av de siste 12 
måneder drukket alkohol? (Regn ikke med lettøl)

28

Hvis ja:
Har du drukket så mye at
du har kjent deg sterkt
beruset (full)? 

Da du begynte å bruke snus, var det for å prøve 
å slutte å røyke eller for å redusere røykinga? 

Hvor ofte spiser du vanligvis disse matvarene?
(Sett ett kryss pr. linje)

23

2 ggr
el mer
pr. dag

1 gang
pr. 

dag

4-6
ganger
pr. uke

1-3
ganger
pr. uke

0-3
ganger
pr. mnd

Vann, farris o.l ...............

Helmelk (søt/sur)...........

Annen melk (søt/sur) ....

Brus/saft med sukker....

Brus/saft uten sukker....

Juice eller nektar ..........

Antall kopper

Koke-
kaffe

Hvor mange glass drikker du vanligvis av følgende?
1/2 liter = 3 glass (Sett ett kryss pr. linje)

25

Aldri ..................................................................................

Sjeldnere enn en gang i uka ..........................................

En gang i uka ...................................................................

2-3 ganger i uka...............................................................

Omtrent hver dag............................................................

4 gl.
eller mer
pr. dag

2-3
gl. pr.
dag

1 gl.
pr.

dag

1-6
gl. pr
uke

Sjelden
eller
aldri

Tran ..........................................................

Omega-3-kapsler ....................................

Vitamin- og/eller mineraltilskudd..........

Bruker du følgende kosttilskudd?
(Sett ett kryss for hvert kosttilskudd)

24

Nei
Av 

og til
Ja,

daglig

ALKOHOLBRUK

MOSJON/FYSISK AKTIVITET

Hvor ofte driver du mosjon? (Ta et gjennomsnitt)32

Tar det rolig uten å bli andpusten eller svett ..............

Tar det så hardt at jeg blir andpusten og svett...........

Tar meg nesten helt ut ..................................................

Dersom du driver slik mosjon, så ofte som en eller 
flere ganger i uka; hvor hardt mosjonerer du? 
(Ta et gjennomsnitt)

33

Hvor mange kopper kaffe/te drikker du pr. døgn?
(Sett 0 dersom du ikke drikker kaffe/te daglig)

26

Hvor mange kopper kaffe
drikker du om kvelden
(etter kl 18)?

27
Antall 

kopper

Annen
kaffe Te

Antall glass

Hvor mange glass øl, vin eller brennevin drikker
du vanligvis i løpet av 2 uker? (Regn ikke med lettøl)
(Sett 0 hvis du ikke drikker alkohol)

30

Vin
Brenne-

vin

Har du drukket alkohol i løpet av
de siste 4 uker?

29 Ja Nei

Med mosjon mener vi at du f.eks går tur, går på ski,
svømmer eller driver trening/idrett.

31

Hvor lenge holder du på hver gang? 
(Ta et gjennomsnitt)

34

Snus.................................. Sigaretter......................

Omtrent samtidig .......... Husker ikke...................
(innenfor 3 måneder)

Nei.............................................. Ja, for å 
Ja, for å slutte å røyke ........... redusere røykinga........

Frukt/bær......................

Grønnsaker...................

Sjokolade/smågodt .....

Kokte poteter...............

Pasta/ris ........................

Pølser/hamburgere......

Fet fisk .........................
(laks, ørret, sild, makrell,
uer som pålegg/middag)

4-7 ganger pr. uke........... Ca 1 gang pr. måned ..

2-3 ganger pr. uke........... Noen få ganger pr. år .

ca 1 gang pr. uke ............ Ingen ganger siste år ..

2-3 ganger pr. måned..... Aldri drukket alkohol...

Nei................................

Ja, 1-2 ganger .............

Ja, 3 ganger eller mer

Hvor ofte drikker du 5 glass eller mer av øl, vin
eller brennevin ved samme anledning?

Aldri.................................. Ukentlig ........................

Månedlig ......................... Daglig...........................

Mindre enn 15 minutter.. 30 minutter – 1 time....

15-29 minutter ................. Mer enn 1 time ............
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Har du vanligvis minst 30 minutter
fysisk aktivitet daglig på arbeid
og/eller i fritida?

35 Ja Nei

Omtrent hvor mange timer sitter
du i ro på en vanlig hverdag? 
(Regn med både jobb og fritid)

36

Antall 
timer

cm Husker ikke

For det meste stillesittende arbeid 
(f.eks skrivebordsarbeid, montering) ...............................

Arbeid som krever at du går mye 
(f.eks ekspeditørarbeid, lett industriarb.,undervisning) .

Arbeid hvor du går og løfter mye
(f.eks postbud, pleier, bygningsarbeid)...........................

Tungt kroppsarbeid (f.eks skogsarbeid, tungt
jordbruksarbeid, tungt bygningsarbeid) .........................

Hvis du er i lønnet eller ulønnet arbeid, hvordan vil
du beskrive arbeidet ditt? (Sett ett kryss)

37

Omtrent hva var din høyde da du var 18 år? 38

kg Husker ikke

Omtrent hva var din kroppsvekt da du var 18 år?39

Nei, for tung

Er du fornøyd med vekta di nå?40

Nei, for lettJa

Er din kroppsvekt minst 2 kg lavere nå
enn for 1 år siden?

42 Ja Nei

Ja, mange ganger

Har du forsøkt å slanke deg i løpet av de siste 10 år? 41

Ja, noen gangerNei

Vet ikke

Hva er grunnen til dette?
Sykdom/stressSlanking

Hvis ja:

Har det vært dødsfall i nær familie?
(barn, ektefelle/samboer, søsken eller
foreldre)

43

Har du vært i overhengende livsfare
pga. alvorlig ulykke, katastrofe,
voldssituasjon eller krig?

44

Har du hatt samlivsbrudd i ekteskap
eller i lengre samboerforhold?

45

46

47

Vokste du opp på gård med husdyr?52

Hvis du har svart ja på et eller flere av spm 43, 44
eller 45; i hvilken grad har du hatt reaksjoner på
dette de siste 7 dager?

Hvem vokste du opp sammen med? 

49 Døde noen av dine
foreldre da du var barn?

50 Vokste du opp med kjæledyr?

48

53

Svært fornøyd ...................

Meget fornøyd..................

Ganske fornøyd ................

Både/og ............................

Nokså misfornøyd.........

Meget misfornøyd ........

Svært misfornøyd..........

Når du tenker på barndommen/oppveksten din, 
vil du beskrive den som:

Ble dine foreldre skilt, eller
flyttet de fra hverandre, da
du var barn?

Hvor mye melk eller yoghurt drakk du vanligvis?51

2-3 gl.
pr. dag

Mer enn
3 glass
pr. dag

Sjelden/
aldri

1-6 gl.
pr. uke

1 glass
pr. dag

Når du tenker på hvordan du har det for tida, er du
stort sett fornøyd med tilværelsen eller er du stort
sett misfornøyd? (Sett ett kryss)

54

Ja Nei

Ja Nei

Ja Nei

Ja Nei

Ikke i det hele tatt........... I moderat grad.............

Litt..................................... I høy grad.....................

Mor ................................... Andre slektninger ........

Far..................................... Adoptivforeldre ...........

Stemor/stefar................... Foster-/pleieforeldre ...

Nei ............................

Ja, før jeg var 7 år....

Ja, da jeg var 7-18 år

Nei .............................

Ja, før jeg var 7 år ....

Ja, da jeg var 7-18 år

Nei ................................

Ja, katt.............................. Ja, hund........................

Ja, hest............................. Ja, annet levende dyr .

Svært god ........................ Vanskelig ......................

God .................................. Svært vanskelig............

Middels ............................
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ARBEID

HØYDE/VEKT

ALVORLIGE LIVSHENDELSER SISTE 12 MÅNEDER

OPPVEKST - DA DU VAR 0-18 ÅR

ALT I ALT
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HOOHU�DQQHW��VRP�HU
UHOHYDQW�IRU
YXUGHULQJHQ�DY�GHWWH
SURVMHNWHW"

1HL

�������(U�GHW�DQQHQ
LQIRUPDVMRQ�VRP�5(.
E¡U�YLWH�RP�L
IRUELQGHOVH�PHG
YXUGHULQJ�DY
V¡NQDGHQ"

1HL

��3526-(.7233/<61,1*(5�2*�0(72'(

2SSVXPPHULQJ�DY�IRUVNQLQJVSURVMHNWHW

����3URVMHNWEHVNULYHOVH"

0nOHW�PHG�VWXGLHQ�HU�n�EUXNW�JHQHWLVN�YDULDVMRQ�L�U¡\NHLQWHQVLWHW�IRU�n�VH�RP�YL�ILQQHU�LQGLNDVMRQ�Sn�HQ�NDXVDO�VDPPHQKHQJ�PHG
VHOYRSSOHYG�KHOVH��)RUGL�U¡\NLQJ�HU�DVVRVLHUW�PHG�¡NW�V\NHOLJKHW��VNXOOH�PDQ�IRUYHQWH�HQ�VDPPHQKHQJ��RJ�GnUOLJHUH�KHOVH�NDQ�PRWLYHUH
IRU�U¡\NHVOXWW��'HUVRP�U¡\NHUH�VHOY�LNNH�RSSOHYHU�KHOVHQ�VRP�GnUOLJHUH��YLO�GHWWH�JL�PLQGUH�PRWLYDVMRQ�IRU�n�VOXWWH�n�U¡\NH��9L�YLO�EUXNH
GDWD�RP�VHOYRSSOHYG�KHOVH�IUD�+817��RJ�+817���RJ�LQIRUPDVMRQ�RP�JHQHWLVN�YDULDQW�UV���������UV��������

6WXGLHPHWRGH��GHVLJQ

������0HWRGH�IRU
DQDO\VHULQJ�DY�GDWD"

.YDQWLWDWLYH�DQDO\VHPHWRGHU

������3URVMHNWW\SH" (SLGHPLRORJLVN�VWXGLH

��)256.1,1*6'$7$

,QQVDPOLQJ�DY�GDWD



����6NDO�GHW�VDPOHV
LQQ�Q\H�GDWD�L
SURVMHNWHW

1HL

7LGOLJHUH�UHJLVWUHUWH�RSSO\VQLQJHU

����6NDO�GHW�IRUVNHV
Sn�WLGOLJHUH�UHJLVWUHUWH
RSSO\VQLQJHU"

-D

������6NDO�GHW�KHQWHV
RSSO\VQLQJHU�IUD
WLGOLJHUH�JRGNMHQW�H�
IRUVNQLQJVSURVMHNW�HU�"

1HL

������6NDO�GHW�KHQWHV
RSSO\VQLQJHU�IUD
6HQWUDOH
KHOVHUHJLVWUH"

1HL

������6NDO�GHW�KHQWHV
RSSO\VQLQJHU�IUD
QDVMRQDOH
NYDOLWHWVUHJLVWUH"

1HL

������6NDO�GHW�KHQWHV
RSSO\VQLQJHU�IUD
EHIRONQLQJVEDVHUW�H�
KHOVHXQGHUV¡NHOVH�U�"

-D

��������2SSO\VQLQJHU�IUD�EHIRONQLQJVEDVHUWH�KHOVHXQGHUV¡NHOVHU"

+HOVHXQGHUV¡NHOVH +YLONH�RSSO\VQLQJHU�VNDO�KHQWHV��RSSJL�NDWHJRULHU�DY�YDULDEOHU�RJ�DQVODJ�Sn�DQWDOO

+817�
+HOVHXQGHUV¡NHOVHQ�L
1RUG�7U¡QGHODJ�

JHQHWLVN�YDULDQW��UV��������UV��������
%DNJUXQQVYDULDEOHU��FD�����NM¡QQ��DOGHU��XWGDQQLQJ��
5¡\NHLQIRUPDVMRQ��FD����YDULDEOHU�IUD�KYHU�+817�VWXGLH�
+HOVH�V\PSWRPHU�VHOYUDSSRUWHUW��FD����YDULDEOHU�IUD�KYHU�+817�VWXGLH��VHOYUDSSRUWHUW�KHOVH�
KMHUWH��RJ�OXQJHV\PSWRPHU�RJ�PHGLVLQHU�IRU�GHWWH��NMHQW�KMHUWH��OXQJHV\NGRP�

������6NDO�GHW�KHQWHV
RSSO\VQLQJHU�IUD
UHJLRQDOW�HOOHU�ORNDOW
KHOVHUHJLVWHU"

1HL

������6NDO�GHW�KHQWHV
RSSO\VQLQJHU�IUD
SDVLHQWMRXUQDO"

1HL

������6NDO�GHW�KHQWHV
RSSO\VQLQJHU�IUD
DQQHW
EHKDQGOLQJVUHWWHW
UHJLVWHU"

1HL

������6NDO�GHW�KHQWHV
RSSO\VQLQJHU�IUD
UHJLVWUH�RP�DQQHW�HQQ
KHOVH"

1HL

1\H�KHOVHRSSO\VQLQJHU

����6NDO�GHW�IRUVNHV
Sn�Q\H
KHOVHRSSO\VQLQJHU"

1HL

+XPDQW�ELRORJLVN�PDWHULDOH

����6NDO�GHW�IRUVNHV
Sn�KXPDQW�ELRORJLVN
PDWHULDOH"

1HL

%HJUXQQHOVHQ�IRU�GDWD�RJ�PHWRGH



����5HGHJM¡U�IRU�GHQ�IDJOLJH�RJ�YLWHQVNDSHOLJH�EHJUXQQHOVHQ�IRU�YDOJ�DY�GDWD�RJ�PHWRGH"

'HW�HU�YHONMHQW�DW�U¡\NLQJ�HU�V\NGRPVIUHPNDOOHQGH��PHQ�KYRUGDQ��RP��U¡\NHUH�VHOY�RSSOHYHU�DW�KHOVHQ�GHUHV�EOLU�SnYLUNHW���HYHQWXHOW�I¡U
GH�InU�GLDJQRVWLVHUW�DOYRUOLJ�V\NGRP��HU�PLQGUH�NMHQW��0HQGHOVN�UDQGRPLVHULQJ�HU�HQ�PHWRGH�KYRU�PDQ�EUXNHU�JHQHWLVNH�YDULDQWHU�VRP�HQ
LQVWUXPHQWYDULDEHO��'HUPHG�NDQ�PDQ�XQQJn�SUREOHPHU�PHG�FRQIRXQGLQJ�RJ�RPYHQGW�nUVDNVVDPPHQKHQJ��VRP�HOOHUV�NDQ�SnYLUNH
VDPPHQKHQJHQH�PHOORP�KYRU�P\H�QRHQ�U¡\NHU�RJ�KYRUGDQ�GH�EHVNULYHU�KHOVHQ�VLQ��+HOVHXQGHUV¡NHOVHQ�L�1RUG�7U¡QGHODJ�LQQHKROGHU
EnGH�LQIRUPDVMRQ�RP�JHQHWLVNH�YDULDQWHU��VHOYRSSOHYG�KHOVH�RJ�U¡\NLQJ��,�VWXGLHSRSXODVMRQHQ�HU�GHW�RJVn�PDQJH�VRP�HU�HOOHU�KDU�Y UW
U¡\NHUH��VRP�HU�GH�JUXSSHQH�KYRU�JHQHWLVN�WLOE¡\HOLJKHW�WLO�n�U¡\NH�PHU�NDQ�KD�HIIHNW��$OGUL�U¡\NHUH�NDQ�EUXNHV�VRP�QHJDWLY
NRQWUROOJUXSSH��KYRU�PDQ�LNNH�IRUYHQWHU�n�VH�QRHQ�VDPPHQKHQJ�

��$99(,1,1*�$9�1<77(�2*�5,6,.2

����$QJL�IRUXWVLJEDU�Q\WWH�HOOHU�IRUGHOHU

������1n�HOOHU�L�IUHPWLGHQ�IRU�GHQ�HQNHOWH�GHOWDNHU�SDVLHQW"

1R�GLUHFW�DGYDQWDJH�IRU�WKH�SDUWLFLSDQWV�

������1n�HOOHU�L�IUHPWLGHQ�IRU�JUXSSHQ"

,QIRUPDWLRQ�DERXW�WKH�KRZ�VPRNHUV�HYDOXDWH�WKHLU�RZQ�KHDOWK��DQG�DQ\�GLVFUHSDQF\�EHWZHHQ�VHOI�UDWHG�KHDOWK�DQG�REMHFWLYHO\�PHDVXUHG
KHDOWK�FRQVHTXHQFHV�RI�VPRNLQJ��PLJKW�KHOS�KHDOWK�SURIHVVLRQDOV�WR�EHWWHU�WDUJHW�VPRNLQJ�FHVVDWLRQ�DGYLFH�

������1n�HOOHU�L�IUHPWLGHQ�IRU�VDPIXQQHW�HOOHU�YLWHQVNDSHQ"

,QIRUPDWLRQ�DERXW�WKH�KRZ�VPRNHUV�HYDOXDWH�WKHLU�RZQ�KHDOWK��DQG�DQ\�GLVFUHSDQF\�EHWZHHQ�VHOI�UDWHG�KHDOWK�DQG�REMHFWLYHO\�PHDVXUHG
KHDOWK�FRQVHTXHQFHV�RI�VPRNLQJ��PLJKW�KHOS�KHDOWK�SURIHVVLRQDOV�WR�EHWWHU�WDUJHW�VPRNLQJ�FHVVDWLRQ�DGYLFH�

����$QJL�PXOLJ�ULVLNR�XOHPSH�Qn�HOOHU�L�IUHPWLGHQ

������)RU�GHQ�HQNHOWH�GHOWDNHU�SDVLHQW"

1R�GLUHFW�ULVN�DVVRFLDWHG�ZLWK�WKH�SUHVHQW�VWXG\��7KHUH�LV�D�ULVN�RI�LQIRUPDWLRQ�DERXW�SDUWLFLSDQW
V�KHDOWK�EHLQJ�LGHQWLILHG�E\�RWKHUV��7KH
QXPEHU�RI�YDULDEOHV�LQ�WKLV�SURMHFW�DUH�OLPLWHG��ZLWK�OLPLWHG�SRVVLELOLWLHV�WR�LGHQWLI\�SDUWLFLSDQWV�EDVHG�RQ�WKH�GDWDVHW�

������)RU�JUXSSH"

7KH�GDQJHUV�RI�VPRNLQJ�DUH�ZHOO�NQRZQ��DQG�ZH�GR�QRW�EHOLHYH�WKDW�WKLV�VWXG\�ZLOO�LQFUHDVH�WKH�VWLJPD�DVVRFLDWHG�ZLWK�EHLQJ�D�VPRNHU�

������)RU�VDPIXQQHW�HOOHU�YLWHQVNDSHQ"

,PSURSHU�UHSRUWLQJ�RI�UHVXOWV�ZLOO�SRWHQWLDOO\�PLVOHDG�WKH�SXEOLF
V�EHOLHIV�DERXW�VPRNLQJ�DQG�VHOI�UDWHG�KHDOWK��+RZHYHU��ZH�QHLWKHU
FRQVLGHU�WKH�ULVN�RI�IDOVHO\�UHSRUWHG�UHVXOWV��QRU�WKH�ULVN�RI�VHYHUHO\�LPSDFWLQJ�SHRSOHV
�SHUFHSWLRQ�RI�VPRNLQJ�DV�GDQJHURXV��WR�EH�OLNHO\�

����6WUnOLQJ

������,RQLVHUHQGH
VWUnOLQJ"

1HL

����7LOWDN

������5HGHJM¡U�IRU�WLOWDN�IRU�n�UHGXVHUH�HOOHU�EHJUHQVH�ULVLNR�RJ�XOHPSH"

:H�SODQ�WR�NHHS�WKH�GDWD�RQ�1718
V�VHUYHU�LQ�ILOHV�ZLWK�UHVWULFWHG�DFFHVV��7KH�UHVHDUFKHUV�ZLOO�QRW�KDYH�DFFHVV�WR�WKH�LGHQWLW\�RI�WKH
SDUWLFLSDQWV��WKLV�LQIRUPDWLRQ�ZLOO�EH�VWRUHG�DW�+817��:H�SODQ�WR�SHUIRUP�DSSURSULDWH�DQDO\VHV�DQG�UHSRUW�WKHP�LQ�DSSURSULDWH�PDQQHU�
0HWKRGV�DQG�UHVXOWV�ZLOO�EH�PDGH�DYDLODEOH�DV�D�PDVWHU�WKHVLV�

����)RUVYDUOLJKHW

*L�HQ�VDPOHW�YXUGHULQJ�DY�SURVMHNWHWV�IRUVYDUOLJKHW�IRU�n�EHJUXQQH�DW�Q\WWHQ�VWnU�L�HW�ULPHOLJ�IRUKROG�WLO�GHQ�ULVLNR�XOHPSH�VRP
SDVLHQWHU�GHOWDNHUH�XWVHWWHV�IRU"

:H�FRQVLGHU�WKH�ULVNV�IRU�WKH�LQGLYLGXDO�SDUWLFLSDQWV�WR�EH�QHJOLJLEOH��DQG�WKDW��JLYHQ�DSSURSULDWH�PDQDJHPHQW�RI�GDWD�ILOHV��DQDO\VHV��DQG
SUHVHQWDWLRQ�RI�WKH�UHVXOWV��WKLV�VWXG\�LV�XQOLNHO\�WR�FDXVH�DQ\�UHOHYDQW�GLVDGYDQWDJHV�

��678',(3238/$6-21�2*�6$07<..(

6WXGLHSRSXODVMRQ��IRUVNQLQJVGHOWDNHUH�XWYDOJ�

����%HVNULY�KYLONH�JUXSSHU�DY�IRUVNQLQJVGHOWDNHUH�XWYDOJ�VRP�LQQJnU"

:H�ZLOO�LQFOXGH�SDUWLFLSDQWV�LQ�WKH�+817��DQG�+817��6WXG\��DGXOWV���3DUWLFLSDQWV�ZLWK�DYDLODEOH�JHQHWLF�GDWD�ZLOO�EH�LQFOXGHG�LQ�WKH�PDLQ
DQDO\VHV�



����+YRU�PDQJH
IRUVNQLQJVGHOWDNHUH�HU
SODQODJW�LQNOXGHUWH
WRWDOW"

�������

������3ODQODJW�DQWDOO
IRUVNQLQJVGHOWDNHUH�L
1RUJH"

�������

������%HJUXQQ�DQWDOOHW�±�GHUVRP�GHW�HU�UHOHYDQW��UHGHJM¡U�RJVn�IRU�VW\UNHEHUHJQLQJ�PHG�VWDWLVWLVNH�DQDO\VHPHWRGHU"

0HQGHOLDQ�UDQGRPLVDWLRQ�UHTXLUHV�IDLUO\�ODUJH�QXPEHU�RI�SDUWLFLSDQWV�IRU�VWDWLVWLFDO�SRZHU��7KH�613�H[SODLQV�������RI�YDULDQFH�LQ
QXPEHU�RI�FLJDUHWWHV�VPRNHG��ZLWK��������SDUWLFLSDQWV��WKH�SRZHU�WR�GHWHFW�����VG�FKDQJH�LQ�RXWFRPH�SHU�VG�FKDQJH�LQ�VPRNLQJ�LV����

����+YHP�VNDO
LQNOXGHUHV�L�VWXGLHW"

$QGUH�SHUVRQHU�HQQ�SDVLHQWHU

����+YRUGDQ�VNDO�GHOWDNHUH�LGHQWLILVHUHV"

7KH�+817�'DWDEDQN�ZLOO�JHQHUDWH�WKH�DSSURSULDWH�SRSXODWLRQ�DQG�H[WUDFW�WKH�GDWD�

����(U�SURVMHNWHW�GHO
DY�VDPLVN
KHOVHIRUVNQLQJ
RJ�HOOHU�IRUVNQLQJ�Sn
VDPLVN�KXPDQW
ELRORJLVN�PDWHULDOH"

1HL

6DPW\NNH

������6DPW\NNH�IRU
9RNVQH"

1HL

����������%HJUXQQ�KYRUIRU�LNNH

&RQVHQW�ZDV�REWDLQHG�IRU�SDUWLFLSDWLRQ�LQ�WKH�+817�6WXG\��*LYLQJ�FRQVHQW�IRU�HDFK�VSHFLILF�VXESURMHFW�XVLQJ�+817�GDWD�ZRXOG�EH
H[SHQVLYH��DQG�KDUGO\�ZDQWHG�E\�WKH�SDUWLFLSDQWV�

����6DPW\NNH�HU
DOOHUHGH�LQQKHQWHW"

-D

������)RU�KYLONH�GHOWDNHUH�HU�GHW�DOOHUHGH�LQQKHQWHW�VDPW\NNH�RJ�WLO�KYD"

$OO�SDUWLFLSDQWV�JDYH�FRQVHQW�WR�SDUWLFLSDWH��6HSDUDWH�LQIRUPDWLRQ�ZDV�VHQW�WR�+817��SDUWLFLSDQWV�EHIRUH�JHQHWLF�DQDO\VHV�ZHUH
SHUIRUPHG��DV�WKLV�ZDV�QRW�LQFOXGHG�LQ�WKH�RULJLQDO�FRQVHQW�

������(U�GHW�RSSULQQHOLJH�VDPW\NNHW�GHNNHQGH�IRU�GHWWH�SURVMHNWHW"

<HV�

������%OLU�GH�VRP�DOOHUHGH�KDU�VDPW\NNHW�LQIRUPHUW�RP�SURVMHNWHW"�(YHQWXHOW�Sn�KYLONHQ�PnWH"

:H�ZLOO�QRW�LQIRUP�WKH�SDUWLFLSDQWV��+817�QRQHWKHOHVV�SURYLGHV�D�VHDUFKDEOH�RYHUYLHZ�RI�RQJRLQJ�SURMHFWV�RQOLQH��SDUWLFLSDQWV�ZKR�DUH
LQWHUHVWHG�ZLOO�WKXV�EH�DEOH�WR�LGHQWLI\�WKH�SURMHFW�

����6¡NHV�GHW�RP
IULWDN�IUD�NUDYHW�RP�n
LQQKHQWH�VDPW\NNH"

1HL

��3(56219(51�2*�5(77,*+(7(5

%HKDQGOLQJ�DY�SHUVRQRSSO\VQLQJHU

����+YLONH�JHQHUHOOH
RJ�V UOLJH�NDWHJRULHU
DY
SHUVRQRSSO\VQLQJHU
VNDO�VDPOHV�LQQ�L
SURVMHNWHW"

+HOVHIRUKROG��*HQHWLVNH�RSSO\VQLQJHU

����6NDO
RSSO\VQLQJHQH�NREOHV
PRW�DQGUH�GDWDVHWW"

1HL

%HKDQGOLQJ�DY�SHUVRQRSSO\VQLQJHQH�L�GDWDEHKDQGOLQJVSHULRGHQ



����,QGLUHNWH
LGHQWLILVHUEDUH�YHG
EUXN�DY
NREOLQJVQ¡NNHO"

-D

������%HVNULY�KYRUGDQ�NREOLQJVQ¡NNHO�YLO�EOL�RSSEHYDUW�RJ�KYHP�VRP�YLO�KD�WLOJDQJ"

7KH�FRQQHFWLRQ�NH\�ZLOO�EH�VWRUHG�DW�+817�'DWDFHQWHU�

���
3HUVRQLGHQWLILVHUHQGH
RSSO\VQLQJHU�GLUHNWH
LGHQWLILVHUEDUH�PHG
���VLIUHW
SHUVRQQXPPHU�HOOHU
QDYQ��DGUHVVH�RJ�HOOHU
I¡GVHOVGDWR�L�KHOH
SURVMHNWSHULRGHQ"

1HL

����3HUVRQOLJ
LGHQWLILVHUEDUH
RSSO\VQLQJHU
V\WHPDWLVN
UHLGHQWLILVHUEDUH�YHG
NRPELQDVMRQ�DY
YDULDEOHU"

-D

������8WG\S�RP�VDPPHQVWLOOLQJHQ�DY�YDULDEOHU"

5H�LGHQWLILFDWLRQ�LV�QRW�OLNHO\�EDVHG�RQ�WKH�YDULDEOHV�DYDLODEOH��KRZHYHU��WKH�FRPELQDWLRQ�RI�DJH��VH[��HGXFDWLRQ��VPRNLQJ�KDELWV�DQG
KHDOWK�LQIRUPDWLRQ�FRXOG�SRWHQWLDOO\�PDNH�LW�SRVVLEOH�WR�LGHQWLI\�VRPHRQH��JLYHQ�WKDW�RQH�DOUHDG\�KDV�H[WHQVLYH�LQIRUPDWLRQ�DERXW�WKH
SHUVRQ��5H�LGHQWLILFDWLRQ�EDVHG�VROHO\�RQ�FRPPRQO\�NQRZQ�LQIRUPDWLRQ�OLNH�VH[��ELUWK�\HDU�DQG�OHYHO�RI�HGXFDWLRQ�LV�XQOLNHO\�

����3HUVRQOLJ
LGHQWLILVHUEDUH
RSSO\VQLQJHU�HU
DYLGHQWLILVHUW"

1HL

9XUGHULQJ�DY�SHUVRQYHUQULVLNR

�����%HKDQGOLQJ�DY
KHOVHRSSO\VQLQJHU
XWHQ�VDPW\NNH"

-D

�������%HVNULY"

,W�ZLOO�EH�SRVVLEOH�WR�SURFHVV�+817�GDWD�EH\RQG�WKH�HWKLFDO�FOHDUDQFH��EXW�WKH�ULVN�RI�JRLQJ�EH\RQG�WKH�EURDG�FRQVHQW�LV�VWLOO�ORZ��'HVSLWH
DFFHVV�UHVWULFWLRQ��XQZDUUDQWHG�DFFHVV�LV�SRVVLEOH�

�����%HKDQGOLQJ�DY
V UOLJH�NDWHJRULHU�DY
SHUVRQRSSO\VQLQJHU"

-D

�������%HVNULY"

7KH�SURMHFW�FRQWDLQV�KHDOWK�LQIRUPDWLRQ�DQG�OLPLWHG�JHQHWLF�GDWD�

�����6DPPHQVWLOOLQJ
DY�GDWD"

1HL

�����6W¡UUHOVH��DQWDOO�
GHWDOMHULQJ��YDULJKHW�
RPIDQJ�"

-D

�������%HVNULY"

7KH�QXPEHU�RI�VWXG\�SDUWLFLSDQWV�LV�ODUJH��EXW�WKH�DPRXQW�RI�GDWD�FROOHFWHG�RQ�HDFK�RI�WKHP�LV�OLPLWHG��7KH�SURMHFW�ZLOO�EH�OLPLWHG�WR�WKH
PDVWHU�WKHVLV��SRVVLEO\�ZLWK�SXEOLFDWLRQ�DV�D�SDSHU�LI�WKH�ZRUN�LV�RI�VXIILFLHQW�TXDOLW\�

�����3HUVRQHU�PHG
V UOLJH�EHKRY"

1HL

�����%UXN�DY�Q\
GDWDWHNQRORJL"

1HL

�����'DWDPLQLPHULQJ��*L�HQ�GHWDOMHUW�YXUGHULQJ�DY�RP�HQNHOWH�YDULDEOHU�NDQ�PHGI¡UH�EDNYHLVLGHQWLILVHULQJ�

$JH��VH[�DQG�HGXFDWLRQDO�OHYHO�LV�XQOLNHO\�WR�EH�VXIILFLHQW�WR�UH�LGHQWLI\�SDUWLFLSDQWV��&RPELQDWLRQV�RI�VPRNLQJ�DQG�KHDOWK�LQIRUPDWLRQ�ZLOO
PDNH�LW�SRVVLEOH�WR�LGHQWLI\�VRPHRQH�DOUHDG\�NQRZQ�IDLUO\�ZHOO�



�����6DPPHQIDWWHW�YXUGHULQJ�DY�ULVLNR�YHG�EUXN�DY�SHUVRQRSSO\VQLQJHU"

:H�EHOLHYH�WKH�ULVNV�DUH�VPDOO�

,YDUHWDNHOVH�DY�GHOWDNHUQHV�UHWWLJKHWHU

�����+YRUGDQ�LYDUHWDV�GHOWDNHUQHV�UHWWLJKHWHU�L�IRUP�DY�NUDY�WLO�LQQV\Q��UHWWLQJ��VOHWWLQJ�RJ�GHVWUXNVMRQ�DY�ELRORJLVN�PDWHULDOH"

7KH�FRQVHQW�LV�KDQGOHG�E\�WKH�+817�'DWDFHQWHU��,I�SDUWLFLSDQWV�ZLWKGUDZ�WKHLU�FRQVHQW��+817�'DWDFHQWHU�ZLOO�QRWLI\�WKH�UHVHDUFKHUV�
DQG�WKH�JLYHQ�LGHQWLILFDWLRQ�QXPEHU�ZLOO�EH�GHOHWHG�IURP�WKH�ILOHV�

�����9LO�GHOWDNHUQH�In
O¡SHQGH�LQIRUPDVMRQ�L
SURVMHNWSHULRGHQ"

1HL

�������8WG\S"

7KH\�ZLOO�QRW�UHFHLYH�LQIRUPDWLRQ�DERXW�WKLV�VSHFLILF�SURMHFW�

�����+YHP�VNDO�GHOWDNHUQH�NRQWDNWH�IRU�n�IUHPPH�NUDY�RP�LQQV\Q��UHWWLQJ��VOHWWLQJ�RJ�GHVWUXNVMRQ�DY�ELRORJLVN�PDWHULDOH"

7KH�+817�'DWDFHQWHU�

+nQGWHULQJ�DY�GDWD�PDWHULDOH�YHG�SURVMHNWVOXWW

�����1nU�HW
IRUVNQLQJVSURVMHNW�HU
DYVOXWWHW��VHQHVW�YHG
JRGNMHQW�VOXWWGDWR�
NDQ�HQ�HYHQWXHOO
NREOLQJVQ¡NNHO
RSSEHYDUHV�L�IHP�nU
����nU�YHG
OHJHPLGGHOVWXGLHU��IRU
NRQWUROOKHQV\Q�
'HUHWWHU�VNDO�HQ
HYHQWXHOO�NRGHQ¡NNHO
VOHWWHV�RJ�PDWHULDOHW
GHVWUXHUHV�HOOHU
DQRQ\PLVHUHV�
3ODQOHJJHV�GHW�n
IUDYLNH�GHQQH
UHJHOHQ"

1HL

'DWDGHOLQJ

�����3ODQOHJJHV�GHW
QRHQ�IRUP�IRU
GDWDGHOLQJ�HWWHU
SURVMHNW�VOXWW"

1HL

��)256,.5,1*��),1$16,(5,1*�2*�38%/,6(5,1*
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a) Title: Is higher smoking intensity associated with poorer self-reported health? A Mendelian 

Randomisation study in the HUNT Study 

 

b) Introduction/background 

This research project aims to use mendelian randomisation to assess the relationship between smoking 

intensity and self-reported health using data from HUNT3 and HUNT2.  

The WHO lists tobacco related diseases as the second leading cause of death worldwide. Smoking has 

an established causal relationship with cancer, CVD and pulmonary diseases (1, 2). In Norway in 2017 

cancer, CVD and pulmonary diseases were the three biggest causes of death according to FHI(3). 

There are previous studies that have shown a correlation between higher intake of cigarettes and 

higher levels of anxiety and depression (4), although this association may not represent a causal effect 

of smoking on mental symptoms (5).  

Smoking prevalence has decreased significantly in the last decades thanks in part to awareness of ill 

effects (4). Previous studies have found that, along with social pressures and public policy, health 

benefits are one of the strongest motivations for people attempting to give up smoking(6), but also that 

some smokers seem to be in denial about the health impact of smoking (7). For example, 60-70% of 

smokers admitted to hospital with an acute coronary event give up smoking over the next 6 months 

(8). Still, the majority of patients with mild COPD smoke, and 38-51% of COPD patients continue to 

smoke despite severe disease (9). Finding what impact smoking intensity has for the self-observed 

health status of smokers might shed light on their own perception of the health impacts as they apply 

to themselves.   

Self-reported health is not an objective measure. However, it is possibly the most relevant question in 

terms of motivation for attempting to give up smoking. Self-reported health is a consistent predictor of 

early mortality, both related to coronary deaths and death in general (10, 11) . In previous studies 

using data from HUNT self-reported health is also shown to have predictive values for early death in 

all age groups (12, 13). Severe smoking-related conditions would presumably have a major influence 

on self-reported health. Although most studies have considered associations between morbidity and 

mortality from specific disease groups, some studies have confirmed the expected association between 

smoking and health related quality of life. There are also studies linking lower scores of self-reported 

health to smoking behaviour. 

In Norway, as in most western countries, there is a strong correlation between smoking behaviours and 

socioeconomic factors  (14-16) Socioeconomic gradients in health are well described, and although 

differences in smoking patterns can contribute to these differences, there are also alternative pathways 

for the association between socioeconomic factors and morbidity (14). Socioeconomic factors could 

thus confound observational studies on the association between smoking and health. Using a single 

nucleotide polymorphism (SNP), which is associated with degree of smoking, as the exposure we can 

find a relationship between degree of smoking and self-reported health regardless of socioeconomic 

factors (17). Having one or two risk alleles of the relevant SNP will increase smoking intensity, but 

does not seem to affect taking up smoking in the first place, leaving a control group of never-smokers 

to ensure that any association between the SNP and the outcome is mediated through smoking 

intensity. If the SNP is associated with outcomes also among never-smokers, this would indicate that 

the association between health outcomes and smoking is confounded by genetic factors. 

All health outcomes listed will be confounded by socioeconomic factor or reverse causation. One 

study found a connection between passive smoking and worse self-reported health, which may suggest 

social factors are strong (18). 
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c) Purpose, questions and hypothesis  

The main question posited is “Does smoking intensity affect the level of self-reported health?” 

A secondary question is whether self-reported health is reflected in other smoking-affected health 

issues, such as COPD, coughing and shortness of breath. 

  

d) Methods 

We will use Mendelian randomisation to find the causal effect of higher smoking intensity on self-

reported health. SNP rs1051730/rs16969968 can be present as 0,1 or 2 alleles and is associated with a 

higher rate of nicotine intake among smokers (19). We will use the SNP as an instrumental variable 

when assessing the association between smoking intensity and self-reported health. In our model, the 

SNP is thus used as the exposure and self-reported health is the response variable.  

Participants in HUNT3 and HUNT2 were asked to rate their own health. Options are very good, good, 

not entirely good and poor. We will estimate the association between smoking intensity-increasing 

alleles and reporting good or very good health among smokers.  An association between the risk 

alleles and health will indicate that smoking intensity is causally associated with how individuals 

perceive their own health. As a sensitivity analysis, we will compare the results of those with and 

without the SNP using respondents who have never smoked as a negative control group. The purpose 

of this is to check that the gene does not affect other aspects of health that could influence the results 

to ensure that the results for the smokers are not confounded or an effect of reverse causation.  

There are question concerning health in the HUNT questionnaire that are more objective than the open 

question “how do you rate your own heath”, which is, of course, entirely subjective. We plan to 

examine other co-efficients such as COPD, coughing and previous heart attacks to determine to what 

degree self-reported health is reflected in less subjective categories. There are no questions that 

specifically ask whether the smoker attributes any ill health to smoking.  

We will use a logistic model and adjust for age and sex. Number of SNP alleles will be treated as a 

continuous variable. The number of cigarettes smoked per day does not capture the effect of the SNP 

on smoking intensity perfectly. We will therefore restrain to evaluate the association between the SNP 

and the outcomes, rather than to perform a full instrumental variable estimation of the effect size per 

cigarette smoked.  

e) Ethical issues 

HUNT is approved by REK. We are applying to REK for approval for our research and to HUNT for 

use of data. A Data Protection Impact Assessment (DPIA) will be performed.  

 

f) Plan/feasibility 

We will apply to REK and HUNT for use of data in early autumn 2019 and the analysis of the SNP 

will take place in autumn 2019. Statistical analyses will take place in the autumn and spring term 

(2019/2020) and the thesis will be completed and submitted in the autumn of 2020. 
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Fakultet for medisin og helsevitenskap 

Institutt for samfunnsmedisin og sykepleie 

Datautlevering 

Vi viser til avtale og sender datafil iht. bestilling. 

Vi har i årene etter HUNT3 gjennomført en omfattende kvalitetssikring av HUNT databank og denne 
prosessen pågår fortsatt. Vi har endret variabelnavn slik det er beskrevet i dette brevet. I tillegg har vi 
gjennomgått variabler, sjekket ekstremverdier opp mot originale skjema og tilsvarende mål fra andre 
studiedeler. Opplagt gale svar er slettet, men hvis annen datakilde har muliggjort det, har svarene blitt 
korrigert. 

Vi jobber fortsatt med utvikling av metadata. I metadata inngår informasjon om ulike instrumenter 
som er benyttet, sentrale referanser, hvordan variablene er konstruert etc. Dette følger leveransen som 
en HTML-fil, men oversikt over alle variabler i databanken med søkefunksjon finner du også på 
https://hunt-db.medisin.ntnu.no/hunt-db/

Datasettet utleveres med prosjektspesifikk personidentifikasjon (PID) og kan ikke kobles til andre 
datafiler fra HUNT. Sendingen er kryptert og passordbeskyttet, og kan pakkes ut ved hjelp av et zip-
program (for eksempel 7-zip eller WinZip). 

Kvalitetssikring av databasen er et omfattende arbeid og vil pågå i lang tid framover. Vi er derfor 
takknemlige over å få tilbakemelding dersom du finner feil, uklarheter eller har forbedringsforslag.  

Hvis data skal kobles til ett eller flere register, må forskere i prosjektet være helt sikre på at alle 
bestilte HUNT-data er inkludert, og at utvalget som er satt er riktig. Vennligst gi tilbakemelding om 
hvorvidt datafilen er i overensstemmelse med bestillingen. 

Lykke til med forskningen! 

Med hilsen 

Arnulf Langhammer 
professor/dr. med.  
leder HUNT databank  



2 av 2 

Norges teknisk-naturvitenskapelige universitet 

HUNT Variable Names 

Each HUNT variable has a unique name, consisting of two parts separated by an @. The first part is 
called the Topic Name, and indicates what the variable measures or asks about. The second part is 
called the Study Part Name, and indicates the source of the variable. Both parts are constructed by 
concatenation of suitable abbreviations selected from a list developed and maintained by HUNT 
Research Centre. 

The Topic Name aims to paraphrase the question text or describe the measurement of the variable in a 
succinct way. Examples: 

Topic Name Expansion Question Text / Variable Label

DiaEv Diabetes Ever Have you ever had diabetes? 

FeelNervLM Feel Nervous Last month During the last month, have you suffered from 
nervousness (felt irritable, anxious, tense or 
restless)? 

BPDias1 Blood Pressure Diastolic 1 Diastolic blood pressure, measurement 1 

The Study Part Name identifies the Study Part the variable belongs to. A Study Part is a collection of 
questions, measurements or analyses managed as a unit, e.g. in the form of a questionnaire or 
interview. The first abbreviation of a Study Part Name indicates which main survey it belongs to: 
NT1, NT2, NT3 (for HUNT1—3), YH1, YH2, YH3 (for the Young-HUNT studies) or others. Other 
important, frequently occurring abbreviations are Q (Questionnaire), I (Interview), M (Measurements) 
and BL (Baseline, indicating the common survey packages that the Nord-Trøndelag inhabitants were 
invited to). Examples: 

Study Part 
Name

Expansion Study Part Description

NT3BLQ1 HUNT3 Baseline Questionnaire 1 HUNT3 survey main questionnaire 

NT2DiaQ HUNT2 Diabetes Questionnaire HUNT2 supplementary questionnaire for 
diabetics 

YH1LuI Young-HUNT1 Lung Interview Young-HUNT1 Lung study interview 

Identical or very similar questions/measurements frequently occur in multiple Study Parts, and in 
such cases the Topic Name is the same. Thus, AstEv@NT2BLQ1 and AstEv@NT3Lu1I both ask if 
the participant has or has ever had asthma, but the former in the baseline questionnaire of HUNT2, 
and the latter in the interview of phase 1 of the HUNT3 Lung Study. 










































































