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“Snus is really dangerous, don’t you know that?
For example you can choke on it,
and then you might DIE!”

Isak, 7 years old, explains to his little brother the dangers of snus use
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Abstract

Snus is a smokeless tobacco product made of a moist powder of ground
tobacco. It is used mainly in the Nordic countries, although increasingly
popular internationally. The Swedish snus tradition dates back to the
seventeenth century, and it is now used daily by about 23% of the male
and 6% of the female population. Snus contains high levels of nicotine as
well as carcinogenic substances and microorganisms that could
potentially cause adverse health effects. The physiological effects of snus
use include acutely raised blood pressure and heart rate, and increased
cardiac oxygen demand, while the psychological response results in
alertness and anxiety reduction. The high nicotine content causes rapid
onset of addiction.

Previous research on snus use and health is largely inconclusive, but
indicates increased risks of all-cause, cardiovascular and cancer
mortality. This thesis aimed to further investigate the health effects of
snus use, with a focus on mortality, potential underlying mechanisms,
and the impact of socioeconomic factors.

Four original papers form the base of this thesis. The first study was
performed on a pooled dataset of eight Swedish cohorts (The Swedish
Collaboration on Health Effects of Snus use), including over 169 000
men. We found an increased risk of all-cause (HR 1.28, 95% CI 1.20;
1.35), cardiovascular, and other cause mortality, and indications of
raised cancer mortality. The second study was set within an
interventional program in northern Sweden (Vasterbotten Intervention
Programme) and included 46 000 men and women. It showed increased
mortality overall (estimates similar to first study), from cardiovascular
diseases, and external causes (e.g., accidents and suicide) that remained
after controlling for socioeconomic status. We found these associations
in groups of varying socioeconomic background (e.g., both basic
education and high-income groups), suggesting that increased mortality
risks among snus users are not restricted to certain socioeconomic
groups.

Studies three and four investigated potential underlying mechanisms
that might contribute to increased mortality among snus users, including
established cardiometabolic risk factors in study three (the metabolic
syndrome and its components: obesity, hypertension, type 2-diabetes
and abnormal blood lipids) and more novel risk factors in study four
(low-grade inflammation, low vitamin D-concentrations, and altered



testosterone levels). The analytical samples were drawn from a long-
term follow-up study of around 900 16-year-olds in a municipality in
northern Sweden (Northern Sweden Cohort, study three) and more than
6 000 participants in another population-based cohort (the Northern
Sweden MONICA study, study four). We found no associations between
snus use and established cardiometabolic risk factors, but there was
evidence of lower concentrations of inflammatory and vitamin D-status
biomarkers in both men and women, and higher testosterone
concentrations in men who were currently using snus.

We conclude that snus use is associated with increased all-cause and
cardiovascular mortality, and to death by other causes, that may be
restricted to external causes. Cancer mortality may also be increased
among snus users. The associations cannot be fully explained by
differences in socioeconomic status among snus users and non-users.
Established cardiometabolic risk factors do not seem to be the main
mechanisms behind these associations. Lower inflammatory biomarker
levels among snus users may serve as a protective factor, while lower
vitamin D-concentrations and increased testosterone levels may be part
of an underlying mechanism linking snus use to increased mortality.

Future research should focus on the health consequences of snus use
among women, on other possible links between snus use and death, and
on mortality in different cancers among users of snus. The health
consequences of dual use of snus and cigarettes should also be assessed.



Sammanfattning pa svenska

Bakgrund

I Sverige finns en lang tradition av att tillverka och anvanda snus. Efter
att ha minskat i popularitet under mitten av 1900-talet har forséljningen
aterigen okat, och idag snusar ungeféar 23 % av de svenska ménnen och 6
% av de svenska kvinnorna dagligen. Trots att snus ar vanligt och blir
alltmer populart, bade i Sverige och i andra lander sdsom Norge,
Finland, Island och USA, vet vi inte sarskilt mycket om vilka effekter
snusning kan ha pa var hélsa.

Nikotinet i snus star for manga av snusets effekter pa kroppen. Nar man
lagger in en prilla stiger nivaerna av nikotin snabbt i blodet, och de
fortsatter vara hoga aven efter att man tagit ut snuset. Nikotinet ger ett
stresspaslag med Okat blodtryck och puls, vilket gor att hjartat och
karlsystemet utsatts for extra pafrestning. Samtidigt ar nikotin verksamt
pa delar av hjarnan som far oss att kanna lugn och tillfredsstallelse.
Tungmetaller, rester av bekdmpningsmedel och sa kallade
tobaksspecifika nitrosaminer ar exempel pa cancerframkallande amnen
som finns i snus. Eftersom nikotinet ar starkt beroendeframkallande &r
det vanligt att snusare utsatts for dessa @amnen under manga ar.

Det ar svart att dra entydiga slutsatser utifran den forskning som har
gjorts tidigare avseende snusets effekter pa halsan. Det finns dock
enstaka stora studier som visar att snusare har 6kad risk for att do i
hjartinfarkt och stroke, och att snusare har kortare livslangd generellt,
jamfort med personer som inte snusar. Med tanke pa hur manga
manniskor som snusar och att hjartkarlsjukdomar ar var vanligaste
dodsorsak ar det sarskilt angelaget att ta reda pa mer omkring de har
fragorna. Denna avhandling har darfor som syfte att undersoka huruvida
snusning medfor en 6kad risk for dod, och i sa fall, vilka mekanismer
som kan ligga bakom. Vi ville ocksa studera vilken betydelse som sociala
bakgrundsfaktorer, till exempel utbildningsniva, kan ha for riskerna.

Metoder och resultat

Avhandlingen omfattar fyra vetenskapliga arbeten. | studie ett anvéande
vi en databas som har samlat flera stora svenska studier om snusning
och halsa. Sammanlagt ingick mer &n 169 000 mé&n. Resultaten visade
att snusarna hade 28 % 6kad risk for dod oavsett orsak jamfoért med icke-
snusare. Snusare hade ocksa 27 % okad risk for dod i hjartkarlsjukdom
sasom hjartinfarkt eller stroke. Dodligheten i cancersjukdomar var ocksa



forhojd, men inte pa ett lika dvertygande satt. Aven i kategorin “6vriga
dddsorsaker”, som omfattade alla orsaker utom hjartkarlsjukdom och
cancer, sags hogre dodlighet bland snusare.

Studie tva genomfordes pa data fran Vasterbottens halso-
undersokningar, som omfattar de héalsokontroller och efterfoljande
halsosamtal som erbjuds vésterbottningar nar de fyller 40, 50 respektive
60 ar. Analyserna gjordes pa ca 46 000 man och kvinnor. Ocksa har var
fragestallningen om snusning forkortar livet. Vara resultat visade
aterigen pa okad total dodlighet och hjartkarldodlighet bland snusare
jamfort med icke-snusare. Aven dod av "6vriga orsaker” var vanligare
bland snusare. | denna studie hade vi mojlighet att titta narmare pa vad
de 6vriga orsakerna bestod av, och fann da att det var kategorin "yttre
orsaker” som gav denna 6kade risk. Yttre orsaker omfattar bland annat
olyckor, forgiftningar och sjalvmord.

Sociala faktorer sdsom utbildningsniva, boendeomrade och inkomst
spelar roll for var héalsa och livslangd. Eftersom snusning traditionellt
sett har forknippats med mindre gynnsam social bakgrund maste vi ta
hansyn till detta nar vi undersoker dodlighet. Vi hade inom studie tva
mojlighet att belysa detta mer ingdende genom att dela upp analyserna
och studera hur risken for dod sag ut i olika samhallsskikt. Vi sag da
okad risk for dod bade bland dem som i grunden har hogre risk
(personer med lagre utbildningsniva), men ocksa bland grupper med
lagre risk for dod (hdginkomsttagare, stadsbor).

I studie tre och fyra ville vi forsoka ta reda pa varfor snusning leder till
forkortad livslangd. Vi undersokte forst om det fanns ett samband
mellan snusning och etablerade riskfaktorer for hjartkarlsjukdom sasom
overvikt, hogt blodtryck, typ 2-diabetes och forhdjda blodfetter. Detta
gjordes i studie tre som omfattade ungefar 900 personer i Lulea
kommun som f6ljts fran 16 till 43 ars alder. Vi hittade inga samband
mellan snusning och dessa riskfaktorer. Nar vi i stallet inom ramen for
studie fyra undersokte riskmarkérer i blodet upptéckte vi att snusare har
lagre nivaer av D-vitamin &n icke-snusare. | andra studier har laga D-
vitaminnivaer visat sig vara kopplat till exempelvis kad forekomst av
hjartkarlsjukdom och depression, och forsamrad 6verlevnad. Vi sdg
ocksa lagre nivaer av en inflammatorisk markor i blodet. Det ar nagot
som sharast kan verka skyddande mot sjuklighet. Vi undersokte aven
testosteronnivaer och sag att de var nagot hogre bland snusande maén.
Studien genomfordes pa drygt 6 000 deltagare fran MONICA-
undersdkningarna i Norr- och Vasterbotten.

Vi



Slutsatser

Vara slutsatser utifran denna avhandling ar att snusning ar associerat
med 6kad dodlighet, framst drivet av en 6kad risk for dod i
hjartkarisjukdom och av yttre orsaker. Risken for déd i cancersjukdom
kan ocksa vara 6kad. Det verkar inte vara de etablerade riskfaktorerna
for hjartkarlsjukdom sasom hogt blodtryck som ar huvudorsak till den
okade dodligheten, men lagre nivaer av D-vitamin och hojda
testosteronnivaer bland méan skulle kunna vara en del i forklaringen.
Vara resultat tyder ocksa pa att de associationer vi ser mellan snusning
och forkortad livslangd inte beror pa snusarnas ofta socialt mindre
fordelaktiga position.

Framtida forskning bor fokusera pa andra bakomliggande orsaker till
forkortad livslangd bland snusare, och undersdka snusares risk for dod i
olika typer av cancersjukdomar. Eventuella risker for kvinnliga snusare
bor undersokas mer noggrant, liksom halsoeffekter av att samtidigt bade
roka och snusa.
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Abbreviations

25(0OH)D 25-hydroxyvitamin D

AMI Acute myocardial infarction

BiomarCaRE Biomarker for Cardiovascular Risk Assessment in Europe
BMI Body mass index

cfT Calculated free testosterone

Cl Confidence interval

cv Cardiovascular

CvD Cardiovascular disease

CwWcC The Construction Workers Cohort (Bygghéalsokohorten)
DAG Directed acyclic graph

DM Diabetes mellitus

HDL-C High-density lipoprotein cholesterol

HR Hazard ratio

hs-CRP High-sensitivity C-reactive protein

ICD International classification of diseases

LDL-C Low-density lipoprotein cholesterol

MONICA The Northern Sweden MOnitoring of Trends and

Determinants in CArdiovascular Disease study
MRR Mortality rate ratio
NNK 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone

NNN N’-nitrosonornicotine



NoSCo The Northern Swedish Cohort

NRT Nicotine replacement therapy
OR Odds ratio

RCT Randomised controlled trial
RR Risk ratio; relative risk

SES Socioeconomic status

Snus Collaboration The Swedish Collaboration on Health Effects of Snus use

T2D Type 2 diabetes mellitus
TG Triglycerides
TSNA Tobacco-specific nitrosamines

VIP Vasterbotten Intervention Programme



Definitions

Amount of snus use, snus dose: Number of snus boxes consumed per
week.

Dip: A portion of snus, either a pinch of loose snus or a portion bag.
Duration of snus use: Number of years of regular snus use.

Ever snus user: Individual who is currently or have previously used
snus.

Exclusive snus user: Individual who is currently or have previously used
snus and have no history of cigarette smoking.

Smokeless tobacco: All forms of tobacco that are not smoked. Includes
tobacco that is chewed, sucked or inhaled as a powder. Does not include
vaped tobacco.

Snus: The moist powder of smokeless tobacco developed in Sweden.
Sometimes referred to as “snuff”’, “Swedish snuff”, or “moist snuff”.
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AIMms

The overall aim of this thesis was to investigate the health effects of snus
use, with a focus on mortality.

Specifically, we aimed:

a) to investigate the association between snus use and all-cause,
cardiovascular, cancer, and other cause (non-cardiovascular and non-
cancer) mortality;

b) to explore whether the associations between snus use and all-cause,
cardiovascular, cancer, and other cause mortality are modified by
socioeconomic factors;

c) to study the association between life-course exposure to snus and
prevalence of the metabolic syndrome and its components in adulthood,
and,

d) To evaluate the associations of snus use with serum biomarkers

representing low-grade inflammation, vitamin D-status and testosterone
concentrations.
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Introduction

What is snus?

Snus is a moist tobacco powder, derived from the leaves of the Nicotiana
tabacum plant. After the tobacco leaves have dried, they are ground and
mixed with water, sodium chloride, sodium carbonate, flavouring agents,
and other additives. The mixture is pasteurised through a heating
process designed to reduce the number of bacteria. The snus is then
stuffed into boxes; either as a loose powder or in portion bags with a
cellulose wrapping. The snus boxes are kept refrigerated until sold*.

& v -

Figure 1. Cultivation of tobacco blanté‘.

There are multiple varieties of snus with differences in coarseness of

grind, strength, moisture levels, and taste. The modern box of loose snus
typically holds 42 grams of tobacco, and a box of portion bags between 6
and 24 grams, each portion containing around 0.3—1.1 grams of tobacco.

To use snus, you either form a ‘dip’ (Swedish “prilla”) of loose snus,
commonly using your fingers, or take a portion bag and put it between
the lip and the gingiva. The snus is kept in the mouth for as long as
desired, and replaced according to taste. Time of use averages 13 hours
per day'.

i"Tobacco Plants" by David Hoffman '41 is licensed under CC BY-NC-SA 2.0. To view a copy of this
license, visit https://creativecommons.org/licenses/by-nc-sa/2.0.



Figure 2a: Portioned snus', and 2b: Loose snus".

Worldwide, there is an abundance of smokeless tobacco products, some
of them similar to snus, others very different. Examples include the
American dipping and chewing tobacco; the Asian guthka, where
tobacco is mixed with areca nuts; the African toombak; the Afghan
naswar; and the Alaskan ig'mik, which combines tobacco with punk ash
(derived from a certain fungus)*. Snus is most similar to dipping tobacco,
but still different in contents and health effects.

History of snus use

Tobacco use in Europe was inspired by Native Americans, and spread to
Sweden in the seventeenth century. During this period, it was highly
popular among the upper stratum of society to inhale a fine powder of
tobacco into one’s nose. The so-called “snuff”’, and its personalized
container, was an important marker of status during the time for both
men and women, until a rapid decline in its use was initiated by the
French revolution. Snuff use was also popular among the Swedish upper
classes, while the working class used tobacco for chewing or smoking
pipes. To meet the national demand for tobacco, the Swedish king in
1724 decided that tobacco should be grown in-country. The Swedish
grown tobacco was not as pleasant as the imported one to chew, which
led to experiments with different ways of preparing tobacco and thus the
development of snus. Apart from a good taste, it was also cheap and
convenient to use during work, as it kept your hands free!2.

i Photo by Mostphotos.

it ”|_gssnus” by Uffe Johansson is licensed under CC BY 3.0. To view a copy of the license, visit
https://creativecommons.org/licenses/by/3.0. Additionally licensed under GNU Free
Documentation License, https://www.gnu.org/licenses/fdl-1.3.html.



Figure 5a and 5b. Snus dipping then" and now".

In the 19t century, there was rapid increase in popularity and
production of Swedish snus, accelerated further by improved railway
communications and better snus preservation, making delivery to a
larger part of Sweden possible. The popularity kept rising until World
War One, which led to difficulties obtaining enough tobacco to meet
demand. Snus had to be rationed. When the war was over, snus
consumption peaked, with 7 000 tonnes of snus consumed in Sweden in
1919. During the Second World War, snus use declined substantially due
to the marketing of cigarettes, and reached its all-time low in the 1960’s.
However, with reports of the harms of smoking and a strong marketing
campaign by the Swedish tobacco company (including introduction of
portioned snus, more flavours, and rounded boxes), snus again grew in
popularity. As more regulations and higher taxes hit the cigarette
industry, snus continued to find new users during the late 20t and early
215t century®s.

Prevalence of snus use

Today, snus is used mainly in Nordic countries, with the highest number
of users in Sweden and Norway. The European Union (of which Sweden
is part, but Norway is not) prohibits the sale of snus products in all EU
countries. However, Sweden was granted an exemption upon entering
the EU in 1995, enabling the sale and marketing of snus within the
country. Snus is also available in other EU countries through private

v Photo by PW Héger, Digitalt Museum, Ladnsmuseet Gavleborg. Licensed for use under CC BY-NC.
View a copy of the license at https://creativecommons.org/licenses/by-nc/4.0/.
v Photo by ML Byhamre.



import and illegal sales, and is used regularly by thousands of
inhabitants in Finland, Denmark, and Iceland. Transnational tobacco
companies have also marketed snus in the United States in recent years?,
which has resulted in quickly increasing prevalence®.

In Sweden, after the rapid increase in snus use during the 1990's,
prevalence decreased at first, but started to increase again in the last
decade, especially among women (see Figure 4). In 2021, 23% of
Swedish men and 6% of Swedish women used snus daily®.

Daily tobacco use in Sweden 1981-2021
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Figure 4. Daily use of cigarettes and snus in Sweden between 1981 and 2021.

Who uses snus?

As time has passed, snus use has shifted away from the sole provision of
working-class men, due in large to marketing efforts. It now includes all
groups of society, and both sexes. Use of snus increased the most among
those with higher education in the 1980’s and 1990’s, but despite this,
reports from 2010 show that snus use, still, is most common among men
with less favourable socioeconomic situation’. Interestingly, among
women—who constitute a relatively new group of users—the connections
to socioeconomic disadvantage are much weaker than they are for men.
This was demonstrated in a study from 20118, where snus use among
men was associated with low education, low income and rural living, but
among women it was only associated with being single.



Primary
education

m Secondary
education

m Tertiary
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Current snus users, 1990 Current snus users, 2014

Figure 7. Educational level among daily snus users in 1990 and 2014.
Primary education: did not complete high school. Secondary education:
completed high school. Tertiary education: college or university degree.

Data from MONICA surveys®.

Snus in sports

The use of snus has become a popular habit in certain sportss. In
Sweden, ice hockey is the most predominant example, where the
sporting environment and norms incorporate snus use as a way of living.
Sports practice thus tends to foster foremost young boys into snus
usel®! The same pattern is seen in Norway and Finland connected to
certain team sports, and in the US among baseball players!>-14. There is a
belief among athletes that snus use might enhance performance!s, and it
is also used to relieve anxiety, improve focus, and as a means of weight
controli6, In addition, there is a practical aspect—while smoking takes up
time, snus can be used even while sporting.

However, studies reveal that snus use does not increase performance,
but rather decreases it due to higher mental fatigue and reduced heart
rate variability in subjects exposed to snus versus placebo®. It has also
been shown that nicotine administration leads to earlier lactate
accumulation'® and reduction of muscle strength?.



Contents in snus

Snus is made of 40—45% tobacco and 50% water. Sodium carbonate
(1.2—2.5%) is added to adjust the pH. Other important ingredients are
sodium chloride (1.6—3.3%), humidifiers (1.5—3.5%) and aromas
(<1.0%). There are thousands of chemical substances in snus that either
originate from the tobacco or other ingredients, or arise during the
preparation processes. These substances vary due to place of cultivation,
subspecies of tobacco plant, use of fertilisers and pesticides, and ways of
curing and otherwise processing the tobacco®.

Figure 3a. Traditional oval snus box, and 3b. Dog-shaped snus box".

Physiological effects by snus

Three main groups of biologically-active constituents can be identified,
namely nicotine, carcinogens, and microbiota.

Nicotine

The nicotine in snus is absorbed into the bloodstream through the oral
mucosa. The absorption rate and amount depend on nicotine content,
tobacco cut, pH and moisture of the product—higher nicotine levels,
smaller cut, alkaloid pH, and higher moisture content all lead to higher
absorption. The tobacco cut in snus is generally very fine, although
varying. Nicotine content in Swedish products ranges from 0.5—4.5%,
and pH and moisture also differ substantially between different snus
products. However, individual factors like oral pH and saliva production
as well as style of use are also important factors for absorption20.21.2.22,

Vi Both photos from Digitalt Museum, Snus- och Téndsticksmusem, licenced under CC BY 4.0. To
view a copy of the license, visit https://creativecommons.org/licenses/by/4.0/.



Stimulation of the sympathetic nervous system. Nicotine mediates its
effects on the human body through nicotinic cholinergic receptors. These
are present in the brain, in autonomic ganglia, in the adrenals and in
neuromuscular junctions. Here, it works primarily by stimulating the
sympathetic nervous system, including the release of catecholamines?3.

Nicotine exposure cause an immediate rise in heart rate of 10—15 beats
per minute, increased blood pressure of 5-10 mmHg, and increased
myocardial contractility. This results in a higher cardiac output and
demand for oxygen and nutrients. At the same time, nicotine causes
constriction of blood flow in vascular beds, including the heart, skin, and
kidneys, while blood vessels in, e.g., skeletal muscle are dilated. Hence,
we get a lower supply of oxygen and nutrients to the heart. This has been
demonstrated in studies on animals and humans after administration of
nicotine?3, and upon snus use?425. Catecholamine release also stimulate
lipolysis, causing a release of free fatty acids in blood?3.

Studies show that the nicotinic effects from a dip of snus are sustained
for a longer period than after smoking a cigarette?6. However, the
sympathetic effects are reversed some time after the snus is removed,
and increased blood pressure and pulse during abstinence has not been
proven?4, Still, it should be remembered that given its highly addictive
nature, snus is commonly used during a large part of the day, and
sometimes even at night, creating prolonged periods of sympathetic
activation in the user.

Another interesting phenomenon is the adverse effects caused by snus
use during pregnancy. Snus-using mothers-to-be have been shown to
suffer increased risk of stillbirth, preterm delivery, of having a baby that
is small for gestational age, and—contradictory to the effect of smoking—
snus users have a higher risk of preeclampsia?’. These complications are
caused by impaired placental circulation, suggesting that snus may
influence blood vessel regulation. The effects of snus use also seem to
influence cardiovascular health in utero, as children who were exposed
to snus during pregnancy have higher systolic blood pressure and altered
heart rate variability?8.

Other biochemical mechanisms. Apart from catecholamines, several
other neurotransmitters are released upon nicotine stimulation. These
include dopamine, acetylcholine, serotonin, vasopressin, nitric
monoxide, and beta-endorphins, and are responsible for many of the
psychological effects of nicotine: alertness, pleasure, and reduction of



anxiety and stress—positive symptoms that are key factors in the
development of nicotine dependence?3.

Raised blood pressure
Raised pulse
Norepinephrine Vasoconstriction
Higher cardiac oxygen demand
Release of lipids into blood

s )
‘ Nicotine Acetylcholine Increased intestinal motility

Arousal
Anxiety reduction
Pleasure
Cognitive enhancement
\ J

:

Il

Serotonin
Dopamine
Beta-endorphin

i

|

Figure 8. Summary of major physiological effects of nicotine in humans.

Withdrawal and addiction. When nicotine levels in the body decrease,
withdrawal symptoms arise; for example cravings, restlessness, anxiety,
increased hunger, and difficulties focusing. These symptoms are then
relieved upon renewed exposed to nicotine®2°.

Addiction is created and sustained by a combination of the experience of
the positive symptoms and the desire to avoid withdrawal symptoms,
together with psychological factors like cues from surroundings and
conditioning. The addictiveness of tobacco is associated with nicotine
absorption rates, and comparable with that of other abused substances
like alcohol and cocaine®. How much nicotine exposure is needed to
become addicted depends on the properties of the nicotine product, and
on individual and environmental factors, but addiction may arise even
after a single dose?33L.

Nicotine receptors become less sensitive after some time of nicotine
exposure; a phenomenon known as adaptation?¢. This means that to
achieve the same desired effects, the user must increase the dose.

Nicotine and behaviour. Nicotine provides stimulation and pleasure
without impairing cognition or acutely affecting behaviour. However,
there are indications that use of nicotine products increase the
probability of other substance abuse, including smoking, alcohol, and



drugs®?-34. Snus use has also been associated with increased risk-taking
behaviour among both Nordic and North American youth3233,

Carcinogens

At least 28 different known carcinogens have been identified in snus.
The most important are the tobacco-specific nitrosamines (TSNA),
specifically N’-nitrosonornicotine (NNN) and 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone (NNK), which are classified as highly
carcinogenic to humanst. Low concentrations of TSNA are formed from
nicotine and other alkaloids in the tobacco plant during growth, but the
large production occurs during the curing and preparation processes.
The levels of TSNA are therefore dependent on both the type of tobacco
and how the tobacco is handled®. Due to preparation practices, the
levels of TSNA are lower in snus than in many other forms of smokeless
tobacco.

Other carcinogens found in snus are N-nitrosoamino acids, volatile N-
nitrosamines, volatile aldehydes like formaldehyde, polycyclic aromatic
hydrocarbons, heavy metals like nickel, lead, cadmium and arsenic, and
radioactive compounds including polonium-210 which decays to radon.
Several of these carcinogenic substances originate from air pollution,
irrigation, fertilizers, and pesticides that the tobacco plants are exposed
to during cultivation. They therefore differ between tobacco sources!.2429,

Microbiota

More recent studies have focused on the microbiotic contents of tobacco
products, and found a number of bacterial species in snus, including
Proteobacteria, Firmicutes and Actinobacteria®t. The fungal contents of
snus have not been investigated, but have been ascertained in other
smokeless tobacco products®’. Although the identified microorganisms
include ones that are known pathogens to humans, their implications for
oral and systemic health among users is still uncertain3®:37, and represent
an interesting focus for future studies.



Previous research on snus and health outcomes

All-cause mortality

All-cause mortality is defined as death by any cause. It can be seen as a
way of expressing overall detrimental health consequences for a given
exposure. The main causes of death in Sweden are illustrated in Figure 9.
They are also representative of other developed countriesze.

Cardiovascular diseases
Malignant diseases
Lung diseases

Bowel, liver disease

Chronic kidney disease

Alzheimer's disease
Pneumonia
m Diabetes mellitus
B Neurological diseases
B External causes

m Other causes

Figure 9. Causes of death in Sweden 201938,

Three previous studies performed on two different cohorts have
evaluated the relationship between snus use and all-cause mortality3°—4L.
The study by Bolinder et al., performed on the Construction Workers
Cohort (CWC) in 1994, revealed a 40% increase in overall mortality
(relative risk (RR) 1.4, 95% confidence interval (Cl) 1.3; 1.8) among
current snus users*. Within the same cohort, Nordenvall et al. (2013)
also found an increased overall mortality among snus users (hazard ratio
(HR) 1.13, 95% CI 1.05; 1.20)%°. The comparison was made between
never-users of tobacco and a combined category of current and former
snus users, hereafter referred to as “ever snus users”. In 2008, Roosaar
et al. found the risk of all-cause mortality for ever snus users to be 23%
(HR 1.23, 95% CI 1.09; 1.40) in a cancer cohort4.
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Cardiovascular mortality and morbidity

Cardiovascular diseases (CVDs) include conditions that affect our heart
and circulatory system, for example angina pectoris, arrhythmias,
myocardial infarction, heart failure, and stroke. CVDs are the leading
cause of death in developed countries, including Sweden, causing around
one third of deaths every year3s.

Total cardiovascular mortality among snus users have been explored in
two previous studies. In 1994, Bolinder et al. reported an excess overall
mortality of 40% (RR 1.4, 95% CI 1.2; 1.6) in snus users who had never
smoked from a 12-year follow up of the CWC#, while Roosaar et al.
(2008) found a non-significant risk increase of 15% (HR 1.15, 95% CI
0.97; 1.37) for ever snus users4°.

Several studies on snus use and incidence of major cardiovascular
outcomes have been performed, although many of them were small-sized
and included smokers. Most of these studies found no association
between snus use and myocardial infarction4?-52 or stroke®344-4754 the
latter with two exceptions*?#4. Two studies found no increased risk of
atrial fibrillation among snus users*?5, but one study demonstrated that
snus users have an increased risk of heart failure®e.

Interestingly, although seemingly not increased in incidence, an
increased risk of dying from heart attack®"58 or total cardiovascular
disease*! has been found in three studies, while that risk did not appear
in another five studies*’—4%5! (although one of these showed increased
fatality with borderline significance“3). In analogy with myocardial
infarction, snus use has also been associated with increased stroke
fatality in two studies*246, while the risk was borderline significant in
another®3 (Table 1a). Two studies show non-increase of stroke
fatality*147, but one of these was based on only four cases*’.

Apart from these individual observational studies, recent meta-analyses
on snus use and cardiovascular mortality (which included the
aforementioned studies) also confirmed that the evidence collected thus
far shows increased mortality, but not incidence, in cardiovascular
diseases (Table 1b). The risk ratio of coronary heart disease was 0.96
(95% CI1 0.86—1.06) among snus users, while it was 1.37 (95% ClI 1.14;
1.61) for fatal coronary heart disease®. The risk of suffering a stroke was
1.04 (95% CI1 0.94; 1.15), and for fatal strokes 1.30 (95% CI 0.96; 1.63)¢°.
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Table la. Overview of studies on cardiovascular mortality.

Author Year Type of study Participants (ntotalor =~ Outcome Risk estimate
n cases + n controls) (95% confidence interval)
Huhtasaari etal.51 1999 Case-control 687 + 687 (m) Fatal AMI OR 1.50 (0.45; 5.03)
Hergens et al.49 2005 Case-control 1432+ 1810 (m) Fatal AMI OR 1.7 (0.48; 5.5)
Haglund et al.47 2007 Cohort 5002 (m) Fatal AMI MRR 1.15 (0.54; 2.41)
Hergens et al.58 2007 Cohort 118 395 (m) Fatal AMI RR 1.32 (1.08; 1.61)
Wennberg etal.48 2007 Case-control 525+ 1 798 (m) Fatal AMI OR 1.18 (0.38; 3.70)
Hansson et al.43 2012 Cohort 130361 (m) Fatal AMI OR 1.28, (0.99; 1.68)
Arefalk et al.57 2014 Cohort 2474 (m, w) AMI mortality HR 0.51 (0.29; 0.91)
Bolinder et al.41 1994 Cohort 84 781 (m) Fatal stroke Younger: RR 1.90 (0.60; 5.70)
Older: RR 1.20 (0.70; 1.80)
Haglund et al.47 2007 Cohort 5002 (m) Fatal stroke MRR 1.01 (0.35; 2.92)
Hergens et al.46 2008 Cohort 118 465 (m) Fatal stroke Fatal ischemic stroke: RR 1.72 (1.06; 2.78)
Fatal haemorrhagic stroke: Not significant
Hansson et al.53 2014 Cohort 130 485 (m) Fatal stroke OR 1.42 (0.99; 2.04)
Titova et al.42 2021 Cohort 41162 (m, w) Fatal stroke Total stroke: HR 1.52 (1.01; 2.30)
Ischemic stroke: HR 1.63 (1.05; 2.54)
Bolinder et al.41 1994 Cohort 84 781 (m) CV mortality RR 1.4 (1.2; 1.6)
Roosaar et al.40 2008 Cohort 9976 (m) CV mortality HR 1.15 (0.97; 1.37)
Titova et al.42 2021 Cohort 41162 (m, w) CV mortality HR 1.57 (0.93; 2.64)

AMI = acute myocardial infarction, CV = cardiovascular, HR = hazard ratio, M = men, MRR = mortality rate ratio, OR = odds ratio, RR = relative risk
or risk ratio, W = women. Significant results marked in bold. The same study may appear on several lines if it examined multiple outcomes.
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Table 1b. Meta-analyses on cardiovascular mortality.

First author Year Outcome Risk estimate (95% CI)

Gupta et al.59 2019 Fatal coronary heart disease = RR 1.37 (1.14; 1.61)

Gupta et al.60 2020  Fatal stroke OR 1.30 (0.96; 1.63)

CI = confidence interval, OR = odds ratio, RR = risk ratio.

Cardiovascular risk factors

Established risk factors for cardiovascular disease and death include
non-modifiable determinants such as age, sex and genetic
predisposition, and modifiable risk factors. Some of the most important
of the latter are hypertension, obesity, diabetes mellitus type 2 (T2D),
abnormal blood lipids (increased triglycerides, total cholesterol and low-
density lipoprotein cholesterol (LDL-C); decreased high-density
lipoprotein cholesterol (HDL-C)), smoking, unhealthy diet, and low
physical activity levelsi.

The metabolic syndrome is a concept stating that a combination of
several of these risk factors may interact and together cause even higher
cardiovascular risk. It is defined by the International Diabetes
Federationsz as:
(a) central obesity (waist circumference =80 cm for women and =94 cm
for men), and
(b) at least two of the following:
(1) low serum HDL-C (<1.29 mmol/L for women and <1.03 mmol/L for
men), or specific therapy for that lipid abnormality,
(i1) high serum triglycerides (TG) (=1.7 mmol/L), or specific treatment
for that lipid abnormality,
(iii) high blood pressure (=130 mm Hg systolic and/or =85 mm Hg
diastolic) or antihypertensive medication, and
(iv) raised fasting glucose levels (=5.6 mmol/L) or diagnosed T2D.

Which of the established cardiovascular risk factors that are most
important depend on the setting and the number of risk factors in an
individual®. On a population level, high waist-to-hip ratio and abnormal
blood lipids are the most important risk factors for myocardial
infarctions4, while hypertension and high waist-to-hip ratio are the
major determinants of stroke riskss.
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There have been several studies on different risk factors for
cardiovascular disease evaluating a possible impact by snus use (Table
2). The results speak in favour of increased risk of overweight/obesity
and T2D among snus users, while the other evaluated risk factors have
inconclusive overall results (hypertension, metabolic syndrome,
impaired glucose regulation, abnormal lipid profile). The effects of snus
on different aspects of thrombosis formation and the atherosclerotic
process have also been investigated as potential mechanisms for raised
disease risk. The studies on pro-thrombotic factors such as thrombocyte
aggregation¢s67 and fibrinogen levels®6.68 found non-increased levels
among snus users, with one exception®. Nicotine causes endothelial
dysfunction™-"?, the first step in the atherosclerotic process, and a study
from 2004 identified endothelial dysfunction among snus usersz2s.
However, two other studies could not demonstrate increased
atherosclerosis among snus usersé873. It should be noted that several of
the above-mentioned studies are small or have methodological issues,
limiting possible conclusions.

Possible mechanisms

Potential mechanisms behind increased cardiovascular mortality among
snus users may include the catecholamine release causing acute rise in
blood pressure, heart rate, vasoconstriction and higher cardiac oxygen
demand. Animal studies have shown that nicotine may induce cardiac
arrhythmia, including ventricular fibrillation”4-76. While atrial fibrillation
is not increased among snus users+255, no studies have examined life-
threatening arrhythmias such as ventricular fibrillation, which are
common causes of death related to myocardial infarction?”.
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Table 2. Overview of previous research on cardiovascular risk factors and snus use.

First author, year Obesity Hyper- T2D Other impairment of Abnormal blood lipids Other

tension glucose metabolism
Eliasson 199169 €> 4 Insulin levels €= Tot cholesterol, TG a Fibrinogen levels*
Wennmalm 199167 €> €> Thromboxane A2*
Bolinder 199278 *
Hirsch 199279 €>
Attvall 199380 e
Bolinder 199441 *
Eliasson 199566 €> Insulin levels, glucose € Fibrinogen levels*, tPA*, PAI-1*

tolerance
Bolinder 199768 €- Serum lipids €= Carotid intima media thickness®
€ Fibrinogen*
Persson 200081 ) ¥ Insulin production
Wallenfeldt 200173 0 €> €> » TG € Subclinical atherosclerosis®
Eliasson 200482 T ¥ Glucose tolerance
Rodu 200483 *
Rohani 200425 ¥ Arterial elasticity®
Hergens 20054 * *
Norberg 20068+ 0 €> €> » TG 4 Metabolic syndrome
€> HDL-C

Nafziger 200785 *
Angman 200886 E
Hergens 200846 *
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Waindell 200887
Janzon 200945
Sundbeck 200988
Engstrém 20107
Hansson 201189
Ostenson 20129
@verland 201391

Varga 201392

Skaug 20169
Carlsson 201794
Rasouli 20179
Antoniewicz 20189%
Carlsson 201997
Soderstrom 202198

Antoniewicz 20229

Byhamre 2022100

Edstorp 2022101

€>

€©>

A in women

€>

€>

€> Non-fasting glucose

A LADA, T2D

€ Metabolic syndrome

A HDL-C
> TG

¥ Flow-mediated dilation®

€ Arterial stiffness®

€ Homocysteine concentrations
# Arterial stiffness®
¥ Endothelial vasodilation®

€ TG, non-HDL-C
s HDL-C

HDL-C = high-density lipoprotein cholesterol, LADA = latent autoimmune diabetes in adults, T2D = diabetes mellitus type 2, TG = triglycerides.
4 = statistically significant increased risk compared to reference category; ¥ = significantly decreased risk; € = no significant difference.

* Indicates increased risk of thrombosis formation.
° Pre-atherosclerotic changes.
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Cancer mortality and morbidity

Cancer is the second most common cause of death in Sweden, but the
evidence on snus use and cancer mortality is inconclusive (Table 3). One
large study found cancer to be associated with snus use39, while another
did not41. In 2008, Roosaar et al. found an increased risk of cancer
deaths among ever snus users (HR 1.28, 95% CI 0.96; 1.69)40. The result
was non-significant, but likely diluted as it encompassed both current
and former users, of which the latter would reasonably have a lower risk.
Regarding mortality in specific malignant diseases, one study showed an
increased fatality rate from oropharyngeal cancers, but this increased
risk was non-significant, and based only on five cases (odds ratio (OR)
2.3,95% CI1 0.7; 8.3)0. Another study found increased mortality in
prostate cancer for snus users (HR 1.24, 95% CI 1.03; 1.49)102, Mortality
in colorectal cancer was not increased in a study performed on the Snus
Collaboration10s,

Table 3. Studies on cancer mortality among snus users.

Firstauthor Year Outcome Risk estimate  Participants  Type of
(95% CI) (all men) study (all
Swedish)
Overall cancer RR 1.1
3 41
Bolinder 1994 e (0.9; 1.4) 135036 Cohort
Overall cancer HR 1.28
40
Roosaar 2008 mortality (0.96; 1.69) 9976 Cohort
Overall cancer HR 1.15
39
Nordenvall 2013 mortality (1.05; 1.26) 336 381 Cohort

Oropharyngeal OR23

40

Roosaar 2008 cancer mortality (0.7; 8.3) 9976 Cohort
Prostate cancer HR 1.24

i 102
Wilson 2016 mortality (1.03; 1.49) 9582 Cohort
Colorectal cancer HR 1.00 Pooled

{103
Araghi 2017 mortality (0.66; 1.53) 417872 cohort

CI = confidence interval, HR = hazard ratio, OR = odds ratio, RR = risk ratio.
Significant results indicated in bold.

Studies on incidence of cancer among snus users are summarised in
Table 4. Despite the number of studies, overall conclusions are difficult
to draw due to methodological issues such as low power, inclusion of
smokers, or analysing current and former snus users together. The
results so far, however, suggest that while oral, oropharyngeal*-'%-'%
and gastric cancers''*-''%1%113 gre not associated with snus use,
oesophageal111108113 pancreatic 106108114 and rectal cancerst15103 may be.
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Risk factors for malignant diseases

Risk factors for cancer include genetic factors, exposure to carcinogens
such as radiation, arsenic, and silica, and infection by certain viruses and
bacteria. Modifiable risk factors include smoking, sun exposure, dietary
factors, alcohol drinking and obesity, and are estimated to account for
one third of all cancer cases!!s,

In recent years, it has been discovered that many cardiovascular risk
factors are also fact risk factors for certain cancers. This can be traced
back to changes at the molecular level, where inflammatory response has
been described as a bridge between atherosclerotic and malignant
processes, as suggested in the ‘common soil hypothesis’19. We therefore
regard cardiovascular risk factors to also be risk factors for cancer.

Snus thus has the potential to cause cancer through both direct
carcinogenic contents and possibly by nicotinic effects leading to
increased risk of common risk factors such as diabetes mellitus, obesity,
and metabolic syndrome.

% Metabolic "\ CVD
. Genes N\ disturbances Cancer Premature
/ Lifestyle /" / Cardiovascular Diabetes death
y y 4 effects 4 Dementia

Figure 10. Common soil hypothesis.

Possible mechanisms

Carcinogens in snus, such as the nitrosamines NNN and NNK, heavy
metals, and polycyclic aromatic hydrocarbons, may cause mutations in
different regulatory genes, enabling unregulated proliferation, and
induce local inflammation and oxidative stress that promotes tumour
growth. They have also been shown to interact with antitumor
treatments; for example by stimulating angiogenesist20.121, These
mechanisms could be plausible reasons behind raised cancer incidence
and mortality among snus users.

Furthermore, certain TSNAs, present in smokeless tobacco, can cause
epigenetic changes3s122. These are modifications that do not alter the
DNA itself, but affect how DNA is expressed. Some epigenetic changes
are permanent and can be inherited. As gene expression is altered,
diseases may occur, including different cancers3s123,

18



19

Table 4. Studies on cancer incidence among snus users.

Author Year Cancer type Result Risk estimate Participants Type of study,
(95%CI) n in cohort, or country
n of cases + n of controls
Schildt et al.104 1998 Oral* OR 0.7 (0.4; 1.2) 410 + 410 Case-control, Swe
Lewin et al.105 1998 Head and neck* RR 3.3 (0.8;12.0) 605 + 756 Case-control, Swe
Luo et al.106 2007 Oral* RR 0.9 (0.4; 1.8) 279 897 Cohort, Swe
Asthana et al.10? 2019 Oral OR 0.86 (0.58; 1.29) See individual studies Meta-analysis
Rosenquist et al.107 2005 Oropharyngeal OR 1.1 (0.5; 2.5) 132 + 320 Case-control, Swe
Bofetta et al.108 2005 Oropharyngeal RR 1.13 (0.45; 2.83) 10 136 Cohort, No
Roosaar et al.4? 2008 Oropharyngeal HR 2.3 (0.7; 8.3) 9976 Cohort, Swe
SCC: OR 1.4 (0.9; 2.3)
Lagergren et al.111 2000 Oesophageal 618 + 820 Case-control, Swe
AC: OR 1.2 (0.7; 2.0)
Boffetta et al.108 2005 Oesophageal RR 1.06 (0.35; 3.23) 10 136 Cohort, No
SCC: RR 3.5 (1.6; 7.6)
Zendehdel etal.!’3 2008 Oesophageal 0l 336 381 Cohort, Swe
AC:RR 0.2 (0.0; 1.9)
Hansson et al.110 1994 Gastric OR 0.70 (0.47; 1.06) 338 + 679 Case-control, Swe
. Cardia: OR 0.5 (0.2; 1.1)
Ye et al.112 1999 Gastric . 514 +1 164 Case-control, Swe
Distal stomach: OR 0.6 (0.3; 1.2)
Lagergren et al.111 2000 Gastric OR 1.2 (0.8; 1.8) 618 + 820 Case-control, Swe
Boffetta et al.108 2005 Gastric RR 1.00 (0.71; 1.42) 10136 Cohort, No
. Cardia: RR 0.9 (0.4; 2.0)
Zendehdel et al.113 2008 Gastric A . 336 381 Cohort, Swe
Non-cardia: RR 1.4 (1.1; 1.9)
Boffetta et al.108 2005 Pancreatic 'f RR 1.60 (1.00; 2.55) 10136 Cohort, No
Luo et al.106 2007 Pancreatic RR 2.1 (1.2; 3.6) 279 897 Cohort, Swe



Araghi et al.114 2017 Pancreatic HR 0.96 (0.83; 1.11) 424152 Pooled cohort, Swe

Colon: HR 1.08 (0.91; 1.29)
Nordenvall et al.115 2011 Colorectal 336 381 Cohort, Swe
Rectum: HR 1.05 (0.85; 1.31)

Colon: HR 1.02 (0.81; 1.29)

Araghi et al.103 2017 Colorectal )] Rectum: HR 1.38 (1.07; 1.77) 417 872 Pooled cohort, Swe
Boffetta et al.108 2005 Kidney A RR 0.47 (0.23; 0.94) 10 136 Cohort, No
Boffetta et al.108 2005 Bladder RR 0.72 (0.52; 1.06) 10136 Cohort, No
Boffetta et al.108 2005 Lung RR 0.80 (0.58; 1.11) 10 136 Cohort, No

Luo et al.106 2007 Lung RR 0.8 (0.4; 1.3) 279 897 Cohort, Swe
Odenbro et al.116 2005 Skin v IRR 0.64 (0.44; 0.95) 337 311 Cohort, Swe

ALL: IRR 1.24 (0.39; 4.01)
. AML: IRR 0.81 (0.41; 1.60)

Fernberg et al.117 2007 Haematological 330000 Cohort, Swe
CML: IRR 1.17 (0.60; 2.28)

MM: 0.92 (0.61; 1.40)

Cl = confidence interval, No = Norway, Swe = Sweden, AC = Adenocarcinoma, ALL = Acute lymphocytic leukaemia, AML = Acute myelogenous
leukaemia, CML = Chronic myelogenous leukaemia, MM = Multiple myeloma, SCC = Squamous cell carcinoma.

Significant results indicated in bold and with arrow marking the direction of the association. The same study may appear on several lines if it
investigated more than one type of cancer.

* = included in meta-analysis by Asthana et al.



Snus-induced oral lesions

Snus users develop specific oral lesions at the site where the dip is
placed24. The exact pathology behind the lesions is not fully known, but
involves local inflammatory responsest2s. Lesions are classified on a
four-grade scale, where grade I lesions include wrinkling of the mucus
but no colour change or thickening, while grade IV exhibit severe colour
changes, furrows and heavy thickening of the mucosat2s. The degree of
severity is strongly associated with the amount of snus used and appears
more pronounced among users of loose snus than portioned snus?2s,
They are not related to smoking or alcohol use124. Snus-induced lesions
are reversible following snus cessation, but some users develop dysplasia
and there has been an interest in snus lesions as a potential pre-
malignant condition2’. However, the studies on this subject have not
proven any association between snus use and increased risk of oral
canceriz4,

Emerging risk factors

New risk factors for non-communicable diseases have been discovered
during the last few decades. Low-grade inflammation has turned out to
be a crucial part of the pathology behind a vast spectrum of conditions,
such as malignancies, cardiovascular diseases, dementia, and obesity. An
association with snus use could be a part of the mechanism linking snus
use to death. A common way of evaluating low-grade inflammation is to
measure hs-CRP (high-sensitivity C-reactive Protein) in serumi28, There
is one previous study on CRP-concentrations and snus use that shows no
associations between the two73. However, smoking has been linked to
increased CRP levels, constituting a pathway to higher risk of CVD and
cancer among smokers129,

Another emerging risk factor is low vitamin D-concentration. Vitamin D
is well-known for its impact on musculoskeletal health, but more recent
research has found that low levels of vitamin D are also associated with
CVDs, cancer, and increased overall mortality'*°-'#, There is no previous
research in this area with regard to snus, but an association between
smoking and lower vitamin D-levels is evident133. Vitamin D-status is
commonly evaluated using 25-hydroxyvitamin D (25(OH)D)-
concentrations in blood133.

Testosterone also has many roles in the human body, in both men and

women. Both too-high and too-low levels of this hormone may have
negative health consequences on cardiovascular health in a manner that
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is not fully understood?34. Previous research has shown an association
between smoking and raised testosterone levels13s. Also, a study on
smokeless tobacco (but not snus in particular) has shown an association
with increased testosterone levelsiss, The levels of bioavailable, unbound
testosterone determine its effects on the body, therefore calculated free
testosterone (cfT) is commonly used for evaluation of testosterone
concentrations.

The tobacco industry

The tobacco industry producing Swedish snus has a long trading history
and a turnover of millions of Swedish crowns each year (for example,
Swedish Match reported a turnover of 18 489 000 Swedish crowns in
2021137), Products are continuously marketed and developed to fit a
wider audience. Tobacco habits are generally established in youth and
early adult life; therefore marketing efforts are strongest for these
groups. Examples include providing free samples of snus at concerts and
online, and collaborations with social media influencers. In the US,
marketing efforts have specifically targeted smokers in situations where
smoking is prohibited?3s.

Examples of successful product development include nicotine pouches
(also called white snus). They are tobacco-free, but high in nicotine
content; sometimes even higher than regular snus. As they are not a
tobacco product, they have escaped Swedish legislation and was for
example allowed for sale to minors up until August 2022 (although
traders agreed on a voluntary age limit of 18 years). Other examples are
colourful boxes, ever new flavourings and “do it yourself”-kits for making
your own snus, attractive to new categories of users.

In addition to marketing, the tobacco industry also works politically and
legally, trying to relieve taxes and restrictions, opposing new regulations
and court verdicts, and through collaborations with researchers working
to highlight either health positive or null-findings about snus, and
arguing against studies showing negative health effects139.140, The
tobacco companies have also been active in the debate on harm
reduction of smoking, by promoting snus as a healthier form of tobacco.
In these ways, the tobacco industry is trying to influence the views of
policymakers, public health workers, and the general public regarding
the health aspects of snus use.
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Why is evidence so sparse?

Despite the high prevalence and long history of snus use in Sweden, the
well-known negative health consequences of other nicotine products,
and the considerable number of studies that have been performed on
snus use and health, the scientific evidence in this field is considerably
weaker than one might expect. This lack of evidence is caused by several
factors.

Snus only

First, research possibilities are limited to snus, as this product differs
substantially from other types of smokeless tobacco?. This means that
until new cohorts on snus use and health effects can be initiated in
countries with recent increase in snus use, studies can only be performed
in Swedish and Norwegian populations. Secondly, studies are limited to
men. As the number of non-smoking female snus users in both countries
has historically been very low, investigating health outcomes among
snus-using women separately is difficult— they are simply too few
women using snus. It is, however, important to identify potential
differences in risk between the sexest4t.

Only snus

When undertaking research on the effects of snus use it is important to
avoid residual effects from current and previous smoking, as these
represent another common form of tobacco exposure, and the effects of
smoking and snus use may therefore overlap. Another risk of including
smokers is the possibility of interactions caused by dual use of snus and
cigarettest42143, Therefore, we need to examine never-smoking snus
users (hereafter referred to as “exclusive snus users”) and compare them
to people that have never used any tobacco product regularly. This is
another reason for evidence limitations, because many snus users are, in
fact, current or previous smokersg, leaving few to be included in
analyses. Also, as earlier snus research has often included smokers, the
conclusions we may draw from this research are limited.

Use, not user

Low socioeconomic status (SES) is associated to adverse health
outcomes including increased mortality!#4. The socioeconomic
differences between snus users and non-users therefore risk to confound
the resultss, and require careful consideration. There may also be
differences in health-related behaviour among snus users and non-users
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that must be accounted for. In short, there are a several factors to take
into consideration to be able to conduct a high-quality study where one
can measure the effect of snus use, instead of the effect of being a snus
user.

Knowledge gaps

Evidently, large population-based studies on exclusive snus users are
needed so that we can reliably evaluate the potential health effects by
snus use. Neither all-cause nor cause-specific mortality among snus
users has been thoroughly investigated, nor has the possible mechanisms
underlying such potential associations. Considering the large and
increasing number of daily snus users, the health consequences of snus
use are of vast importance, both from the individual and a public health
perspective.
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Material and methods

Overview of methods

This thesis includes four original studies based on prospectively collected
data from different Swedish cohorts. An overview is given in Table 5.

Cohort settings and participants

Snus Collaboration—Study |

The Swedish Collaboration on Health Effects of Snus use (Snus
Collaboration) was established to clarify the impact of snus use on health
across time and geographical regions, with adequate statistical power
and control for confounding factors#3. It includes pooled individual data
from nine Swedish prospective studies, of which eight were included in
Study 1145-14858,149.9.150 The dataset comprises several major potential
confounders, for example body mass index and educational level, and is
linked to the National Cause of Death Register'®.. Due to few female snus
users at the time of data collection, the database includes only men.

Data was collected at baseline through questionnaires or interviews, and
health measurements and blood sampling were performed by medical
personnel. The principal investigator of each cohort provided individual
participant data, which was then harmonised centrally in the database.
Further details on the included cohorts can be found in Table 6 and in
previously published work!45-148.58,149.9,150,

The eight cohorts comprised 383 015 participants. To minimise residual
effects of cigarette use, we excluded all participants with a history of
smoking. We also excluded individuals under the age of 18, and those
with incomplete data, leaving 169 103 men for inclusion in our first
study.

Analyses on non-participants have been performed in some of the
included cohorts®.145.146.148.150 Byt have not been feasible in all58147.149,
Generally, non-responders were more likely to be older, of male sex, less
educated, immigrated from non-Nordic countries, smokers, and have
higher morbidity and mortality compared to responders.
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Table 5. Overview of design and methods for Studies 1-1V.

Study I II III 1\
Topic Snus use and Snus use, Snus use and Snus use and
mortality mortality and metabolic biomarkers
SES syndrome
Study design Pooled cohort Cohort Cohort Cross-sectional
Participants 169 103 men 51 894 men and 880 men and 6 158 men and
from 8 Swedish women from women from women from
cohorts in the VIP the northern the northern
Snus Sweden Cohort Sweden
Collaboration MONICA study
Primary Mortality (all- Mortality (all- Metabolic Concentrations
outcome cause, cause, syndrome and of hs-CRP,
cardiovascular, cardiovascular, its individual 25(0OH)D and
cancer, other cancer, external components cfT
cause) cause, other
cause)
Exposure Snus use (never, current, or former; amount and duration of use)
Data Baseline data Baseline data Baseline data MONICA
collection from 1973- from VIP 1990-  from 1981 and surveys from
2010, and data 2014, and follow-ups in 1990-2014;
from the linkages to 1986, 1995 and biomarker
National Cause national 2008 analyses
of Death registers
Register
Analysis Cox regression Cox regression Logistic Linear and
regression logistic
regression
Covariates Age, calendar Age, sex, year of Age, sex, Age, sex, year of
year, education, examination, smoking, SES, examination,
physical education, area  family history of  education, DM,
activity, BMI, of residence, co- DM, BMI at physical
alcohol habiting, baseline, activity, BMI,
consumption income, alcohol, physical blood pressure,
DM, physical activity, alcohol alcohol
activity, BMI, consumption consumption,
blood pressure, current
cholesterol medication

25(0OH)D = 25-hydroxyvitamin D, BMI = body mass index, cfT = calculated free
testosterone, DM = Diabetes mellitus, hs-CRP = high-sensitivity C-reactive protein, SES =
socioeconomic status, VIP = Visterbotten Intervention Programme.
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Table 6. Characteristics of included cohorts in the Swedish Collaboration on Health Effects of Snus Use.

Cohort Study population Period of Participants Deaths  Mean age Current
recruitment (n, men) ) at baseline snus

’ users (%)
Construction Workers All blue- and white-collar workers in 1978-1993 279 897 31429 34 27
Cohort58 the Swedish construction industry
Malmo diet and Cancer Population-based, Malmo 1991-1996 12120 4372 59 7
Study145
Northern Sweden MONICA Population-based, Norrbotten and 1986-2004 4563 643 48 24
study? Vasterbotten Counties
National March Cohort149 Participants in a national charity 1997 15318 2531 52 9

walk

Scania Public Health Cohort!4¢  Population-based, Scania County 1999-2000 6201 231 48 20
Screening Across the Lifespan ~ Twins born in Sweden between 1998-2002 18331 2522 56 16
Twin Study147 1926-1958, national
Stockholm Public Health Population-based, Stockholm County ~ 2002-2010 39 406 1465 50 18
Cohort150
Work, Lipids, and Fibrinogen Employees, Vasternorrland, 1992-1997 7 189 265 42 23
Study146 Jamtland, and Stockholm Counties
Total 1978-2010 383 025 43 458 39 24
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VIP—Study 11

Vasterbotten Intervention Programme (VIP) is a community- and
individual-level intervention program?s2. In VIP, men and women in
Vasterbotten county, upon reaching 40, 50 and 60 years of age, are
invited to participate in a health screening at their primary health care
centre. The participants undergo a health examination with a focus on
risk factors for cardiovascular diseases and diabetes and answer a
comprehensive questionnaire on lifestyle habits and health!52. The
participant is then invited to a health dialogue with a nurse, where the
results are communicated and a discussion with focus on preventing
CVD is held. VIP questionnaire and health examination data is combined
with records from the administrative registers provided by Statistics
Sweden and the National Board of Health and Welfare, including data on
socioeconomic conditions (the LISA-database153), hospitalisation (the
National Patient Register54), and causes of death (the National Cause of
Death Register1st).

The participation rate has been around 67% during 1995-2014152155,
Comparisons between participants and non-participants show that the
differences in age, education, and area of residency were <5%. Low-
income groups and single individuals had 10% lower participation
rates1se.

A total of over 100 000 individuals participated in the yearly cross-
sectional VIP surveys during 1990—2014. Of these, 46 258 were never-
smoking men and women with complete data on tobacco use, who were
thus eligible for inclusion in Study 11.

NoSCo — Study 111

The Northern Swedish Cohort (NoSCo) is a 27-year prospective study.
The cohort consists of all students in the municipality of Luled in
northern Sweden, who in 1981 were in 9t grade (age 16 years) in
Swedish compulsory school (n =1 083). Surveys have been performed in
1981, 1983, 1986, 1995 and 2008 (at ages 18, 21, 30 and 43), with
consistently very high response rates (94% in 2008). The sample has
been found to be representative of the corresponding age cohort in
Sweden in various demographic comparisonsts’.

At baseline and follow-ups, participants completed self-administered
guestionnaires. Health exams were performed by school nurses at age 16
and by medical professionals at local health care centres in 2008. The
latter included venous blood sampling after fasting overnight. Results
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from the 2008 health examination were used to define the presence of
metabolic syndrome in each participant. All other covariates were
derived from the questionnaire data from the surveys in 1981, 1986, 1995
and 2008.

After exclusions of participants missing information on metabolic
syndrome or tobacco habits, our study sample included 880 participants
(88% of those still participating in 2008). We excluded current and
former smokers from the sample for most analyses, but in one statistical
model the exclusion of smokers left us with a sample that was too small
for meaningful analyses. We therefore kept the smokers in this model
and adjusted for smoking.

MONICA and BiomarCaRE—Study 1V

The Northern Sweden MOnitoring of Trends and Determinants in
CArdiovascular Disease study (MONICA)?158 comprises several cross-
sectional population-based surveys in Norrbotten and Véasterbotten.
Surveys have been performed in 1986, 1990, 1994, 1999, 2004, 2009 and
2014. For each round, 2 500 randomly-selected inhabitants between 25
and 74 years of age were invited to participate (2 000 inhabitants
between 25-64 years of age in 1986 and 1990). Data in the MONICA
study was obtained by self-administered questionnaires and professional
health examinations. Blood samples were frozen to —80 degrees Celsius
and saved at Biobank Norr in Umea.

The participation rate has decreased over the years from 81% in 1986 to
63% in 2014. A comparison between participants and non-participants
performed in 2009 showed that non-participants were younger, more
likely to smoke, and less likely to have a university degree or be married®.

The blood samples of around 12 000 MONICA participants were
analysed at the BiomarCaRE (Biomarker for Cardiovascular Risk
Assessment in Europe) laboratory in Germany between 2016 and 2018.
Study IV was based on these participants. After exclusion of ever
smokers and subjects lacking information on exposure or outcome, the
resulting study sample was 6 158 men and women.
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Measurement of exposure and outcome

Exposure

Snus use was reported in questionnaires in most cohorts, and via
telephone interview in one cohort included in the Snus Collaboration.
The questions on snus use included current and former use of snus and
often weekly amounts as measured by pre-formed categories, and
duration of snus use reported either as number of years or in categories
(see Figure 11).

Have you ever used snus?

1: No

2: Yes, previously, but not any more

3: Yes, | use less than 2 boxes/week

4: Yes, | use 2-4 boxes/week

5: Yes, | use more than 4 but less than 7 boxes/week
6: Yes, | use 7 or more boxes/week

Figure 11. Example of question on snus use, here from VIP.

We classified each participant as either never-user, current user, or
former user of snus. Current users were further grouped according to
number of boxes per week (amount) and duration of snus use in years
for the purpose of dose—response analyses. Exposure was measured at
baseline only, except in Study 111, where it was evaluated at several
follow-ups.

Outcomes

Outcomes, their definitions and measurements are specified in Table 7.
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Table 7. Details on outcome variables.

Outcome Variable Definition/measurement
operationalisation
Mortality Time from study Death date registered in the National Cause of

start to death

All-cause

Cardiovascular

Cancer

External causes
(included in “other
causes” in Study I)

Other causes

Death Register run by the Swedish National
Board of Health and Welfare. Main cause of
death grouped using the International
classification of diseases (ICD):

ICD-9 ICD-10

All deaths regardless of cause, including
unknown and unregistered causes

3900-4599 100-199

1400-2089 C00-C97
8000-9999 S00-T98
E000-E999 V01-Y98

All other specified causes of death

Established risk factors

Metabolic Dichotomised: yes

syndrome or no

Central obesity Dichotomised:
yes or no

Hypertension Dichotomised: yes
or no

Lipid Dichotomised: yes

abnormalities or no

T2D/impaired Dichotomised: yes
fasting glucose or no
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Defined according to International Diabetes
Federation®2:

a) Central obesity and b) two of

i) low HDL,

ii) high TG,

iii) hypertension or anti-hypertensive
medication

iv) impaired fasting glucose or T2D.

Measured in light clothing. Defined as waist
circumference 280 cm (women) or 294 cm
(men).

Measured according to WHO MONICA
standards159.

Defined as SBP=130 mm Hg and/or DBP 285
mm Hg and/or antihypertensive medication.

Defined as serum HDL-C Blood sampling
<1.29 mmol/L (women) or  after overnight’s
<1.03 mmol/L (men), fast and
and/or serum TG 21.7 analysed by
mmol/L Department of
Defined as fasting glucose Ch C_h?lca[lj .
25.6 mmol/L and/or self- emistry, Umea
University
reported T2D. .
Hospital.



Emerging risk Blood samples drawn after =4 hours of fasting,

factors frozen to -80 degrees and saved in biobank.
Analyses performed at the BiomarCaRE
laboratory in Germany 2016-18 using
immunoassay methods.

Low-grade Continuous and in Serum-hs-CRP-concentrations, first quartile
inflammation quartiles hs-CRP

Low vitamin D- Continuous and in Serum-25(0OH)D-concentrations, first quartile
concentrations quartiles 25(0H)D

Altered Continuous and in Serum-cfT-concentrations, first and fourth
testosterone quartiles quartile cfT

concentrations

25(0H)D = 25-hydroxyvitamin D, cfT = calculated free testosterone, DBP = diastolic blood
pressure, HDL-C = high density lipoprotein cholesterol, hs-CRP = high-sensitivity C-reactive
protein, SBP = systolic blood pressure, T2D = type 2 diabetes mellitus, TG = triglycerides.

Covariates

Covariates are factors other than exposure and outcome that may affect
the results of the analyses. In our studies we looked for mediators,
colliders and confounders of associations. Table 8 shows examples of
covariates considered in the four studies.

Knowledge-based selection of confounders and mediators

Potential confounding factors, mediators and colliders were identified
through existing literature and availability in the specific cohort. In
Studies Il and 1V there were large numbers of potential covariates. In
those studies, we drew directed acyclic graphs (DAGS) to illustrate the
complex relationships between covariates, and to facilitate the
discussion of their classification as possible confounders, mediators,
colliders, or non-related factors.

Important confounders of the associations between snus use and health
outcomes are, for example, age, sex, socioeconomic factors and physical
activity, given that these are associated to both snus use (exposure) and
health measures (outcome). While BMI, alcohol use, blood pressure and
T2D are also essential for health, they have in previous studies been
shown to be influenced by snus use, rather than affecting the use of snus,
implicating that they may be a part of a causal chain that results in
adverse health outcomes—that is, they may be regarded as mediators.
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Table 8. Examples of covariates included in the different studies.

Covariate Study Variable Definition and
operationalisation measurements
Alcohol I Categorised as never, low, Continuous variable of self-
consumption medium, or high reported grams/week used.
We split the variable into
terciles to define three levels
of use
Educational level [ Categorised as primary, Self-reported years of
secondary, or tertiary schooling grouped as <9, 10-
12 and >13 years,
respectively
Area of residence 11 Dichotomised: Rural or Classified according to health
urban care centre listing
Physical activity 11 Categorised as inactive, Self-reports on activity in
moderately active, or leisure time and way of
highly active getting to and from work160
Body mass index [11 Continuous Defined as weight/height
squared. Measured at age 16
by school nurses.
Socioeconomic [11 Dichotomised: socially Self-reported parental
status in favourable or socially occupation reported at age
adolescence disadvantaged 16 used for classification as
defined by Statistics
Sweden161. Disadvantaged
group consisted of the group
“manual workers”.
Current I\Y% Categorised as anti- Self-reports of drugs used
medication inflammatory medication,  during the last 14 days,
D-vitamin converted into ATC-code and
supplementation, and then grouped into relevant
hormonal or opioid category
medication
Risky drinking I\Y% Dichotomised: yes or no Yes: 214 (men) or >9

(women) standard drinks per
week162, approximated using
self-reported drinking
frequency
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Figure 12. Directed acyclic graph from Study Il drawn for separation of
confounders (associated with both exposure and outcome, purple lines) and
mediators (factors that may be on the causal pathway between exposure and
outcome, green lines). Created using dagitty.net!63.

Area = area of residence, BMI = body mass index, PA = physical activity, year =
year of examination.

Statistical modelling

The choice of statistical method was guided by the research question and
study design and is described below. After knowledge-based
identification of potential confounders, mediators and colliders, these
variables were further evaluated using statistical methods. For example,
we used stepwise-forward selection in Study IV. Interactions were tested
by adding relevant interaction terms to the models.

In all studies, we first created crude analytical models, and then used the
identified relevant confounders and mediators to construct multivariable
models. We often started by adding basic confounders such as age and
year of examination into a first multivariable model, after which we
incorporated all identified confounders into a second multivariable
model. Stratification was performed if considered necessary. In Study 11
we also added potential mediators to the fully adjusted model to evaluate
their influence on the results.
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Baseline characteristics

We reported characteristics at baseline using means and standard
deviations for continuous variables, and numbers and/or percentages for
categorical variables. In Study I11, the p-values for differences in
characteristics between never-users, current users, and former snus
users were calculated using Kruskal-Wallis test for continuous variables
and the chi-square test for categorical variables. A p-value of <0.05 was
considered statistically significant.

Primary outcome analyses

Cox regression—Studies | and 11

We used Cox proportional hazards regression, a form of survival
analysis, to model time to event for our mortality outcomes!64.
Participants were followed from study entry until they either developed
the outcome event, dropped out of the study, or until study end. The
results were presented as hazard ratios (HR) of obtaining the outcome
for snus users compared to the reference category of never-users. In
Study I, a shared frailty model was employed to compensate for repeated
measurements within each cohort.

Cox regression assumes that the hazards among different groups are
proportional. This assumption was assessed by a chi-square test based
on scaled Schoenfeld residuals in Study I, and graphical methods using
survival curves in Study Il. There were no major violations of the
assumption in Study I, however in Study Il the age variable did not meet
the proportionality assumption. Therefore, we stratified the analyses by
age group. We also added another variable that adjusted for age
deviation within each age group. In this way, the proportionality
assumption was fulfilled, while still adjusting for age.

Logistic regression—Studies I11 and IV

Logistic regression was used in Study 111 to estimate the odds of
metabolic syndrome and its components for different categories of
tobacco use; and in study IV to find potential associations between snus
use and biomarkers representing low-grade inflammation, low vitamin
D-concentrations and altered testosterone levels. The results were
presented as odds ratios of obtaining the outcome compared to the
reference category.
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Linear regression—Study 1V

We used linear regression in Study IV to evaluate the relationship
between biomarker concentrations and snus use. Results were given as
beta-coefficients, which represent the change in outcome value between
snus use categories. We evaluated the normality assumption through
graphical and mathematical methods, for example histograms and test of
skew. Several of our outcome variables were non-normally distributed
and therefore log-transformed to meet the normality assumption.

Evaluation of statistical methods

Outliers

Some individuals had extreme values in certain covariates, which may
give these observations an unreasonably high influence on the regression
results. We therefore screened our data for such influential points,
mainly by graphical methods. Some of these outliers were excluded from
analyses. Other times we could categorise the variable, reducing extreme
impact while still keeping the observation in the analyses. This was for
example done in Study 11, where there were individuals with extremely
high income, and we consequently grouped the income variable into
terciles.

Collinearity

Collinearity, resulting from high correlation between two or more
covariates in a statistical model, was evaluated by calculations of
variance inflation factors'®>. They were in all cases satisfactorily low.

Interaction

Interaction occur when the effects of an exposure on the studied
outcome differ with another variable'®®. For example, the effect of snus
use on mortality may be different depending on age, sex or education.
Interaction between exposure and covariates was evaluated in all
studies, either by stratification by categorical variables such as sex, or by
adding interaction terms into the statistical models. If the p-value for the
interaction term was <0.05, the interaction was regarded as significant.
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Secondary outcome analyses

Sensitivity analyses were performed in all studies in order to evaluate the
robustness of our results. For example, in Study | we limited follow-up
time to a maximum of 10 years to reduce the risk of misclassifying
tobacco habits that may change over time; added additional covariates to
the analytical models in the cohorts where these were available; and
repeated the analyses excluding the CWC (which was by far the largest
cohort). Study 1V included analyses using alternative cut-off points for
vitamin D-concentrations, and analyses using a complete case-variable
instead of an imputed one on risky alcohol consumption.

When both sexes were included in the datasets, we performed sex-
stratified analyses to evaluate whether there were differences in
outcomes between men and women. In Study 11 we repeated the
analyses by five socioeconomic variables: education, income, area of
residency, co-habiting status, and overall SES. In all studies, we
performed dose—response analyses on snus amount categories (in boxes
per week) and/or duration of snus use in years, all reported at baseline.

To compare and combine our results with previous findings, we
conducted a meta-analysis on snus use and all-cause mortality using a
random effects model.

Handling of missing data

All studies were based on complete case data, excepting the alcohol
variable in Study IV, which was imputed using median values within the
same sex and age groups. In study Il, non-responders in the diabetes and
risky drinking variables were included in an “unknown” category.

Analyses were made to compare characteristics such as sex, age, tobacco
habits and outcome variables between responders and non-responders.
These included those who were excluded from our analytical samples, or
individuals who did not respond to certain questions. While we did not
have data to conduct analyses on individuals who chose not to
participate, such analyses had been performed previously in several of
the Cohortsl45,l48,9,157,156,150_
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Ethical considerations

The different projects were all approved by ethical committees. Study
participants of the individual cohorts in the Snus Collaboration gave
informed consent before taking part, or were informed that their data
would be used for research purposes. All participants in NoSCo and
MONICA gave written consent upon participation. Participants in VIP
were informed that their data was collected in a database that may be
used for research purposes, and had the option to be excluded from the
database. Participants also gave written consent for blood sample
donation for future research.

When our studies started, all data and blood samples had already been
collected, and plasma analyses had been conducted within previous
research projects. Pseudonymized data were used, meaning we did not
have access to individual-level data within the projects, and code lists
were securely kept at the medical biobanks. The results of individual
analysis were not distributed to participants.

The studies may, to some extent, be perceived as a violation of the
participant’s personal integrity, but the risk and potential harm for
participants of this thesis is likely to be low, while the potential benefit
for society at large must be regarded as substantial.
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Results

Baseline findings

Baseline characteristics and presence of outcome in the four studies are
summarised in Table 9. Snus users were younger than non-users (Study
1), particularly among women (Studies I, 111, 1V), which is consistent
with increasing prevalence of snus use during the last few decades, and
low use in the 1960’s. In all mixed-sex studies, snus use was significantly
more common among men. Among never-smokers (that is, the studied
population), approximately 3% of women and 17-23% of men were
current snus users. In NoSCo the rate of current snus use for men and
women combined was 12% at the age of 16.

Snus-using men were less educated compared to non-using participants
(Studies I, 11, V). Where sex-stratified analyses were performed, it was
evident that female snus users were not bound by the same socio-
economic patterns as men: they were more well-educated (Studies 11 and
IV) and had higher income (Study I1) than non-users. Alcohol intake or
risky drinking was more prevalent among snus users than among non-
users in Studies I-II1I.

Another finding in NoSCo was that snus use increased steadily over the

life-course, and that a large proportion of snus users also smoke at some
point during their lives.
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Table 9. Baseline characteristics and presence of outcome in the four studies.

Study I Study II Study III Study IV
Analytical 169 103 46 258 880 6158
sample (n)
Mean age at 36 47 16 49
baseline (years)
Male sex (%) 100 48 52 47
Current snus 23 M: 17 1981:12 M: 21
use (%) W:3.0 2008:9.3 W:3.3
Recruitment 1978-2010 1990-2014 1981-2008 1990-2014
period
Outcome (cases) Deaths: 10928  Deaths: 2 678 Metabolic 1stQ hs-CRP: 1 357
(6.5%) (5.3%) syndrome: 237 1« 25(0H)D: 1 431
(27%)

4th Q cfT: M: 689, W: 627

25(0OH)D = 25-hydroxyvitamin D, cfT = calculated free testosterone, hs-CRP = high-
sensitivity C-reactive Protein, M = men, metsy = metabolic syndrome, Q = quartile,
W = women.

Findings from primary and secondary outcome
analyses

Mortality—Studies | and 11

Study I found an increased risk of all-cause mortality of 28% for current
exclusive snus users compared to non-users (HR 1.28, 95% CI 1.20;
1.35). The excess risk was seemingly most attributable to cardiovascular
(HR 1.27, 95% ClI 1.15; 1.41) and “other” causes (non-cardiovascular,
non-cancer) (HR 1.37, 95% CI 1.24; 1.52), although there were also
indications of increased cancer mortality (HR 1.12, 95% CI 1.00; 1.26).
The risk increased in a dose-dependent manner with the baseline reports
of duration, but not with amount of snus use. Former users generally
displayed lower risk increases. The main analyses were adjusted for BMI
and age. Several sensitivity analyses were performed that added further
credibility to the results; for example restricting follow-up time to a
maximum of ten years to avoid misclassification bias, excluding cases of
major cardiovascular events or cancer within a year from baseline, and
further adjusting for additional covariates (calendar year, education,
physical activity and alcohol consumption). The results of these
sensitivity analyses supported the main findings with the exception of an
attenuated association between snus use and cardiovascular mortality
when limiting follow-up time to ten years (HR 1.13, 95% CI 0.93; 1.38).
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Study Il—which also evaluated mortality risks but did so with
comprehensive adjustment for several socioeconomic factors—also
demonstrated excess mortality for current snus users, with all-cause
mortality in the mixed-sex group increased by 23% (HR 1.23, 95% CI
1.04; 1.46) and cardiovascular mortality by 45% (HR 1.45, 95% CI 1.08;
1.92) compared to never-users of tobacco. External cause mortality
displayed raised hazard ratios, but was only significant in basic
adjustment models (HR 1.75, 95% CI 1.07; 2.85 in basic model,
attenuated to HR 1.59, 95% CI 0.97; 2.61 in the fully adjusted model).
Snus use was associated to cancer mortality in stratified models. Other
cause mortality showed no differences between snus users and non-
users.

No. %
Author (Year) pts Effect (95% Cl) Weight
Bolinder (1994) 135036 é—O— 1.40 (1.30, 1.80) 37.47
Roosaar (2008) 9976 —O—é— 1.23(1.09, 1.40) 2.77
Byhamre (2019) 169103 —C}:— 1.28 (1.20, 1.35) 46.92
Byhamre (2022) 46258 —o~— 1.23 (1.04, 1.46) 12.84
Overall, DL 360373 ‘ 1.32 (1.21, 1.42) 100.00
(12 = 7.4%, p = 0.356)
T T
0 1 2

Figure 13. Meta-analysis of studies on snus use and all-cause mortality. Effect
estimates are hazard ratios with corresponding 95% confidence intervals.

Our meta-analysis showed an overall association between snus use and
all-cause mortality with HR 1.32 (95% CI 1.21; 1.42). Heterogeneity,
measured as 12, was 7.4% (Figure 13).

Impact of socioeconomic factors

In study 11, we performed additional analyses to explore if the
associations between snus use and mortality were modified by
socioeconomic factors. All analyses were based on never-smoking men.
First, we tested for interaction between snus use and our socioeconomic
variables: education (primary and secondary versus tertiary), individual
income (in terciles), area of residence (urban or rural), co-habiting status
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(living alone or co-habiting), and overall SES-variable based on the
previous four variables and family income. We found a significant
interaction between snus use and area of residence on the association of
all-cause and cardiovascular mortality.

Secondly, we analysed all-cause, cardiovascular, cancer and external
cause mortality stratified by our five socioeconomic variables. The
results for all-cause mortality are shown in Figure 14. We found that the
risk of all-cause and cardiovascular mortality was increased among
participants with basic education (borderline significance for
cardiovascular mortality), but not with higher education, and in the
highest income tercile, but not in the lower terciles. Snus users living in
urban areas had increased all-cause and cardiovascular mortality risk,
while snus users in rural areas did not. Co-habiting snus users, but not
single, had increased risk of dying from cardiovascular disease. Snus
users living alone had increased risk of external cause mortality.

Effect (95% Cl)

Basic education —— 1.22 (1.01, 1.47)
Higher education 1.22 (0.79, 1.89)
Lowest tercile income e 1.03 (0.78, 1.37)
Middle tercile income — 1.26 (0.97, 1.64)
Highest tercile income 1.63 (1.11, 2.40)
Urban living area —_—— 1.47 (1.18, 1.85)
Rural living area —_—— 0.99 (0.76, 1.29)
Co-habiting —— 1.20 (0.98, 1.46)
Living alone e 1.28 (0.90, 1.81)

T T

0 1 2

Figure 14. All-cause mortality among snus users compared to non-users
stratified by socioeconomic variables. Presented effect estimates are hazard
ratios, followed by corresponding 95 % confidence intervals.

Mortality analyses stratified by the overall SES variable (categorised as
low, medium or high SES) showed significantly increased risk of all-
cause and cause-specific mortality (all tested outcomes) in the medium
SES group (Table 10).
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Table 10. Cox regression evaluating the mortality risks among current snus
users compared to never-users, stratified by overall SES.

Low SES
HR (95% CI)

Medium SES
HR (95% CI)

High SES
HR (95% CI)

All-cause mortality
Cardiovascular mortality
Cancer mortality

External cause mortality

0.93 (0.69; 1.26)
0.98 (0.58; 1.63)
0.80 (0.44; 1.46)
0.68 (0.20; 2.33)

1.44 (1.14; 1.83)
1.71 (1.12; 2.59)
1.60 (1.08; 2.38)
1.97 (1.08; 3.60)

1.50 (0.99; 2.28)
1.99 (0.96; 4.12)
1.34 (0.69; 2.61)
1.84 (0.38; 8.98)

Male-only models. Stratified by age group and socioeconomic status (SES)
group, and adjusted for age, year of examination and physical activity.

Established risk factors—Study 111

Our findings in Study 111 showed that snus exposure at ages 16, 21, 30
and 43 years was not associated with development of the metabolic
syndrome nor any of its components at age 43. In crude analyses, snus

use was associated with raised triglycerides and high blood pressure, but

the results were attenuated upon adjustments for confounders. Table 11
presents parts of these results.
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Table 11

. Metabolic risk for current snus users who have never smoked, evaluated at different ages.

Metabolic syndrome Central obesity Raised triglycerides Hypertension or anti-
hypertensive treatment
OR, 95% CI OR, 95% CI OR, 95% CI OR, 95% CI
Crude Multi- Crude Multi- Crude Multi- Crude Multi-
variate* variate* variate* variate*
Age 16 1.17 0.95 1.28 1.40 1.83 1.38 1.45 1.08
n=81 0.70; 1.96 0.54; 1.65 0.79; 2.07 0.83; 2.35 1.11; 3.01 0.81; 2.37 0.91; 2.32 0.66; 1.77
Age 21 1.68 1.15 1.18 1.24 2.05 1.27 2.08 1.31
n=53 0.91; 3.08 0.60; 2.21 0.66; 2.13 0.65; 2.34 1.11;3.79 0.66; 2.45 1.16; 3.72 0.71; 2.42
Age 30 1.51 1.01 1.20 1.15 2.21 1.37 2.37 1.61
n=57 0.82;2.80 0.52;1.99 0.68;2.13 0.61; 2.15 1.20; 4.06 0.71; 2.63 1.33;4.19 0.88; 2.96
Age 43 1.60 1.15 1.76 1.65 1.78 1.10 2.06 1.41
n =37 0.78; 3.35 0.52; 2.51 0.85; 3.62 0.76; 3.58 0.83; 3.80 0.49; 2.45 1.04; 4.09 0.69; 2.89

Cl = confidence interval, OR = odds ratio. Never tobacco-users form the reference category.
* Adjusted for sex, BMI at 16 years, socioeconomic status at 16 years, family history of diabetes, alcohol consumption at 43 years

and physical activity level at 43 years.
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Emerging risk factors—Study 1V

Snus users had lower 25(OH)D-concentrations, lower hs-CRP-
concentrations and, among men, raised cfT-concentrations, when
compared to never-users of snus (Table 12). In dichotomised analyses we
tested the risk of having a biomarker concentration in the lowest or
highest quartile versus not, and found that snus users compared to non-
users in fully-adjusted models had higher odds ratios of being in the
lowest quartile of hs-CRP (OR 1.51, 95% CI 1.22; 1.86) and 25(OH)D (OR
1.29, 95% CI 1.05; 1.59), and in the highest quartile of cfT for men (OR
1.31, 95% CI 1.04; 1.64). There was no significant difference among
female snus users and non-users regarding cfT levels. The results were
partly supported by dose—response trends found for duration for
25(0OH)D-levels.

When stratifying the results on hs-CRP and 25(OH)D by sex, we found
that lower hs-CRP-concentrations seemed to be restricted to snus-using
men, while low 25(OH)D was more pronounced in women, although
non-significant (possibly due to few female snus users).

Table 12. Results on biomarker concentrations among snus users.

n Never Current snus use
snus use
hs-CRP-concentration*a (B, 95% CI) 5062 ref. -0.13 (-0.21; -0.04)
25(0H)D-concentration® (3, 95% CI) 5240 ref. -0.95 (-1.63; -0.26)
cfT-concentration, menc¢ (f3i,, 95% CI) 2 455 ref. 0.04 (0.01; 0.07)
cfT-concentration, womenc (i, 95% CI) 2 449 ref. 0.03 (-0.07; 0.13)

hs-CRP = High-sensitivity C-Reactive Protein, 25(0H)D = 25-hydroxyvitamin D, cfT =
calculated free testosterone, Cl = confidence interval. Bold indicates statistically
significant results.

* Cut off for values indicating inflammatory process at 99t percentile.

a Adjusted for age, sex, year of examination, education, physical activity, body mass
index, diabetes mellitus, systolic blood pressure and risky drinking. Users of anti-
inflammatory medication were excluded from analyses.

b Adjusted for age, sex, year of examination, Nordic origin, sampling month, body mass
index, education and physical activity. Participants reporting use of D-vitamin
supplements were excluded from analyses.

¢ Adjusted for age, year of examination, body mass index, education, physical activity,
and risky drinking. Users of hormonal and opioid medication were excluded from
analyses.
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Analyses of non-responders

Comparisons of characteristics on participants with incomplete data
(non-responders) and those with complete data (responders) were
performed when possible. In study 11, non-responders were younger,
more often of male sex, with less education and more likely to have a
risky alcohol consumption. Non-responders in Study III had higher
alcohol consumption at age 43 and were more likely to smoke at ages 21
and 30, but were similar to responders regarding exposure and outcome
variables. In Study IV, no significant differences were found among
responders and non-responders with regard to age, snus habits, sex, or
average concentrations of outcome biomarkers.
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Discussion

Discussion of material and methods

Study design, validity, and precision

The aim of a public health study is to be able to draw conclusions that
are true for a certain population. The type of study generally considered
to most closely mimic a test of the population as a whole is the
randomised controlled trial (RCT). However, long-term effects of snus
use cannot be investigated within the framework of an RCT. Itis
ethically not possible to randomise participants to snus use or non-use;
and the need for long follow-up times makes randomisation virtually
impossible. We therefore choose the second-best option for our studies
on snus and health: cohort studies.

Systematic
reviews,
metaanalyses

Randomised controlled
trials

Cohort studies

/ Case-control studies \
/ Case reports, expert opinions etc \

Figure 15. The hierarchy of evidence, showing studies of highest probability
of establishing causality closer to the top. Adapted from internetmedicin.se!6’.

Common measures of study quality are external and internal validity,
and precision. Internally-valid studies produce results that are true for
the studied population, and not likely to be due to bias, confounding or
chance. This requires the design and execution of the study to be
correctly performed. External validity means that the results are
applicable outside the study, to the population that the analytical sample
is meant to represent. This can only be achieved if the studied sample
and the represented population are similar enough regarding important
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characteristics. For clinical studies, the relevance of the outcome is also
fundamentali68, meaning that it should be important in a clinical or
public health setting. Precision indicates the study’s ability to correctly
measure the outcome.

External validity—generalizability

The four studies in this thesis were all conducted on population-based
Swedish cohorts, often with a large number of participants. There was
representation of all geographical areas of Sweden, with a focus on the
northern parts, which have the highest rates of snus use. The studies also
encompassed a wide range of age groups. All these factors considerably
strengthen the external validity of our results, as they become
representable for a larger group of people. However, the validity of the
results in other countries and for people of ethnicities other than the
mainly Caucasian Swedish population cannot be ascertained.

Exclusively snus-using women were often too few to allow for sex-
stratified analyses, making the results less applicable to women,
especially since some risk factors for CVD and cancer, among them
smoking, differ between the sexes!#!. To make the results more valid for
women, we modelled analyses including both men and women in Studies
I1—-1V. We also made sex-specific analyses whenever possible, and found
that the point estimates were generally similar for men and women
(although often insignificant for women, potentially due to few users).
However, to fully determine the risk of snus use among women, future
studies are needed.

Data was collected during different time periods. This offers an
advantage in the form of increased representability, but can also cause
problems in our analyses, as living conditions, health care standards,
tobacco-preventive efforts, and snus products have changed during the
study periods. The prerequisites are not the same now as they were in
the 1970s when data collection for Study | began, which must be
remembered when interpreting the results. To ensure our results were
also valid in more recent times, Study Il was set within VIP with
recruitment period between 1990 and 2014.

Internal validity

An internally-valid study is achieved when the outcome is attributed to
the exposure and not to other causes, such as chance or systematic errors
(bias)169. There are three main groups of bias: misclassification bias,
selection bias, and confounding biastss.
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Misclassification bias

Information or misclassification bias is caused by errors in collecting
data on exposure and outcome. In observer bias, the researcher’s own
prior hypotheses or knowledge influences the collection or interpretation
of data. In our studies, we minimised this risk by using data that had
already been collected, and by interpreting the data together within the
research groups (most of which included snus users).

Snus use was measured through self-reports, which may be unreliable
and a source of another type of misclassification bias called recall bias,
where participants wrongly recall past exposure. This might influence
our results, particularly regarding duration and amount of snus, which
can typically differ between time periods. Social desirability bias arises if
participants answer questions in a way that is perceived as more
favourable and may lead to underestimation of our results. However,
snus use in Sweden is not stigmatised in the same way as smoking is, and
previous studies have identified self-reports of snus use as reliabless, also
when comparing them to cotinine levels170,

In most studies, exposure was measured only at baseline, creating a risk
of misclassification of tobacco habits during follow-up. This effect may
be especially pronounced in study 11, due to the interventional nature of
VIP that could trigger behaviour change shortly after baseline. This
increases the risk of misclassifying former snus users as current users,
which in turn could lead to dilution of the associations for current snus
users. However, few individuals take up smoking in adult age'’, and
snus use is a stable habit, with continued use among 77—80% after 5—13
years'”'" The same pattern has been seen within VIP34, In the Snus
Collaboration study, we performed sensitivity analyses where we
restricted follow-up time to a maximum of ten years, to evaluate
misclassification bias. Only the association with cardiovascular mortality
changed significantly after this restriction, giving further credit to the
conception of snus use as a persisting habit, and for our results to be
valid.

The health examinations in the various studies were carried out by
experienced medical staff using regularly-calibrated devices, to minimise
instrument bias. Blood samples were analysed at large laboratories using
well-known, validated methods and instruments, but are still potential
sources of error. Indeed, in Study IV we found that the absolute values
obtained from the BiomarCaRE laboratory were lower than the values
we got when we repeated the analyses using other analytical methods.
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However, the correlation between the methods was high, and thus the
relative values were still valid. Consequently, we chose data-driven cut
points for extreme values of the biomarkers rather than absolute ones.
The absolute biomarker concentrations should be interpreted carefully;
on the other hand, there is nothing to suggest that the correlation
between the methods should be distributed unequally over groups of
tobacco use. The potential error would, therefore, likely not lead to
biased results.

Death date and cause of death was defined by linking to the National
Cause of Death Register of Sweden'’>. Linkage is made possible through
the system of a unique personal identification number assigned to every
Swedish resident. The register data is based on the death certification as
reported by medical doctors in connection to each death. Even though
this register includes 98—99% of all deaths and thus gives a chance of
unique precision in defining cause and time of death, there are still a
number of potential error sources, the most important being that the
majority of death certificates are based on clinical evaluations and less
than 20% are based on autopsy reportsts1176, However, the most recent
evaluation of the register showed correct underlying cause of death in
77% of cases, highest for malignant tumours (90%) and ischemic heart
disease (87%), which are some of the most important causes of death in
our studiest’s. Also, there is nothing to suggest that users and non-users
of snus would differ in autopsy rates or registration completeness, which
suggests that the probability of a correct diagnosis can be expected to be
similar in the two groups.

Selection bias

Selection bias is caused by differences in characteristic between studied
groups, and should be considered when interpreting our results. Health
survey participation is, for example, more likely among non-smokers and
people with high SES'”7. Analyses performed in the included cohorts
showed similar patterns: non-participants were more likely to be
younger and of male sex, less educated, and to have a risky alcohol
consumption compared to participants. Hence, our findings may be less
representative for these populations. However, the response rates were
high throughout (ranging from 94% in NoSCo to 63% in the 2014
MONICA survey), and analyses on non-responders in our studies
showed that there were no major differences in exposure or outcome
variables among those who stayed in the study and those who did not.
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Another example of selection bias is the healthy worker effect: you need
to be relatively healthy to work, and therefore the risk of disease or death
caused by a risk factor may be underestimated among the working
group. The CWC, which is a part of the Snus Collaboration, has been
criticised for this, however, we performed sensitivity analyses excluding
this cohort and still received the same results as in our main analyses.

Confounding bias

Confounding bias arises when a factor that is independently associated
with both exposure and outcome, but is not on the causal pathway
between them, simulates a causal relationship where there is none. If a
potential confounder is unevenly distributed among the studied groups,
confounding bias occurs, resulting in both over- and underestimations of
an association. Confounding can be controlled in the analytical phase by
adding appropriate variables to create multivariable statistical models,
by stratification of the results based on group characteristics, or by
standardisation using a reference population to nullify differences in
characteristics between studied groups.

In studies on snus’ effects on health, confounding is one of the biggest
challenges, given that snus use is traditionally linked to several factors
that also influence risk of death: sex, physical activity, living area,
education, income, and other socioeconomic factors. Research has also
indicated, although not clearly proven, that a number of other factors
important for health may be associated to snus use: diabetes mellituso497,
risky drinking behaviour1ss, BM18992, blood pressure#691 and altered
blood lipidsg+. To account for this, we first evaluated all covariates using
both knowledge-based (e.g. DAGs) and data driven approaches. We then
included all relevant and available confounders in the analytical models,
and performed stratified analyses. To attempt to further capture of
residual confounding, we included four major socioeconomic variables
together with other common confounders in Study 1.

Overall, we had access to a large number of socioeconomic, health and
lifestyle factors, both through comprehensive questionnaire and health
examination data, and by linkage to population registers run by the
Swedish state. Still, as exposure cannot be randomised, there is always a
risk of unmeasured confounding that may bias our results and decrease
the internal validity of our studies.
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Precision

Precision refers to the study’s ability to accurately estimate risk, and
requires sufficient sample size, meticulous measurement of exposure,
and a large enough number of exposed?¢?. Precision in our studies was
mostly high, as we had access to large datasets with high exposure rates.
This gave us enough participants to detect even small differences in risk
in mixed-sex groups and among men, despite exclusion of smokers,
stratifications, and additional analyses on smaller groups. However,
exclusively snus-using women were few, resulting in low precision in
analyses of female snus users, and hence these results must be
interpreted carefully. The precision of detecting small differences in the
incidence of the metabolic syndrome was also less than desired. Using
biomarker verification of tobacco exposure instead of relying on self-
reports could have increased the precision in our studies.

The Bradford Hill criteria

The critical difference between an RCT and an observational study is the
risk of bias due to confounding. As participants in an RCT are
randomised, with sufficient sample size, all background factors are
equally represented in both the exposed and unexposed group, and we
can therefore measure the “true” effect of an exposure—in other words,
we can test causality. In observational studies, there is risk of systematic
differences in background factors between two studied groups, and
therefore the associations found in these studies are not regarded as
causall7s.

However, much can be done to strengthen the associations of
observational studies. Sir Austin Bradford Hill developed a set of
guidelines in 1965 for this purpose!’®. These have later been revised and
the interpretations have evolved over time as we have made advances in
the understanding of disease, epidemiology and statistics. Although
commonly viewed as a checklist, this was never the intention; they
should rather be considered as means of assessing causal inference in
observational studies. The guidelines are presented below.

1. Strength of association: a stronger association indicates higher
likelihood of causality. Today, statistical significance rather than
magnitude of association determines the strength of association.

2. Consistency: if similar findings can be observed in other settings, it
strengthens causality.

3. Specificity: there must be a one-to-one relationship between cause and
outcome.
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4. Temporality: exposure must precede outcome. This is often regarded
as the most important criterion.

5. Biological gradient: if the exposure changes, so should the disease rate
or other outcome (i.e., a dose—response relationship).

6. Biological plausibility: a potential underlying biological mechanism
strengthens causality.

7. Coherence: the association agrees with current knowledge of the
biology of the disease or other outcome.

8. Experiment: if the exposure is removed, the frequency of the outcome
should decrease.

9. Analogy: there is less need for evidence if an exposure is similar to
that of another agent similar to the first. Similarity can be in for example
biological mechanism or disease progression pattern.

Applying the Bradford Hill criteria

Let’s consider the above criteria with regard to this thesis.

Strength of association and consistency

Only results with a significance level of 5% has been regarded as
statistically significant. The mortality among snus users has been
evaluated in previous research; we repeated these analyses and found
the results to be consistent despite different settings and adjustments for
a large number of confounders. While established and emerging risk
factors such as the metabolic syndrome and CRP have been investigated
previously, the results are inconsistent or evaluated too few times,
requiring further evaluation to meet the consistency criterion.

Temporality

Studies I, 11 and 111 are longitudinal cohort studies, where we measure a
number of background factors at baseline and then follow the
populations with regard to certain outcomes. In this way, longitudinal
studies can establish a sequence of events, thus making sure that
exposure precedes outcome, fulfilling the temporality criterion. They
therefore give the most authentic measure of incidence among the
observational studies.

Cross-sectional studies measure prevalence; in our case concentrations
of biomarkers in snus users and non-users in Study IV. Although this
type of study can expose associations, temporality cannot be established,
as exposure and outcome are measured simultaneously. However,
tobacco use is commonly begun during youth, with few new users
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recruited after the age of 25'"1. Our Study IV participants were between
25 and 79 years old with a mean of 49, indicating that the bulk of snus
users would have used snus for quite some time, which strengthens the
associations and makes causality more plausible.

Biological gradient

We performed dose—response analyses based on duration of snus use
and weekly consumption, to evaluate a potential biological gradient. We
found that while increasing duration of use often correlated with higher
risk estimates, there was seldom such tendencies regarding weekly
consumption. This is possibly explained in part by the variation in
weight and nicotine content in different snus boxes, and that self-reports
were limited to pre-formed categories (for example <2 boxes/week, 2—4
boxes/week, 5 or more boxes/week). Other possible contributing factors
are individual differences in nicotine uptake and metabolism!9. To
further elucidate this, validation studies on amount of snus used and
biomarkers of nicotine exposure are needed.

Another way of assessing biological gradient is by estimating risks
among former snus users. A group of previously exposed individuals
would, in accordance with the biology of other nicotine exposure (e.g.
smoking), suffer from increased risk that would subside with time since
cessation!8, Our results generally showed no risk increases among
former snus users, which is in accordance with the biological gradient
guideline. It should be pointed out that the group of former users is
vastly heterogenous. As former users were self-defined, participants
quitting snus both the day before examination and 50 years ago would be
included, and the previous use would range from very high to low. There
would also be a higher-than-normal rate of people more inclined to
change their lifestyle among former users, due to for example newly
diagnosed disease or negative effects by snus use. With this in mind, the
results of former users have been regarded as an indicator of biological
gradient rather than an evaluation of risk by previous use in itself.

Plausibility, coherence, and analogy

Our hypotheses are based on confirmed or plausible biological
mechanisms and current knowledge. We have studied known effects of
snus use, smoking, use of nicotine replacement therapy, experimental
nicotine exposure, and American smokeless tobacco (e.g., dipping
tobacco), to use both as a basis of generating hypotheses and to identify
possible mechanisms, but also to compare against our own results to
evaluate any analogy.
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Discussion of statistical methods

Alternative statistical models

Alternative statistical approaches may be considered. In study 111 we
could have used techniques developed for correlated data, such as mixed
models?®? and generalised estimating equations'®3, instead of performing
separate logistic regression analyses for each follow-up. In study 1V, we
considered analysing accelerated failure time8418, known to fit adult
survival data very well, but decided on Cox regression'64 to increase
comparability with previous studies.

Handling missing data

In the cases of large number of missing results in certain variables,
multiple imputation could have been performed to a larger extent, as
was done in Study IV on risky drinking. However, the amount of missing
data was low in most covariates and therefore not likely to have had any
substantial effect on the results.

Type | error

To minimise the risk of committing a type | error; that is, of rejecting a
true null hypothesis, we chose the well-established significance level of
0.0586. We chose not to adjust for multiple comparisons in our
studies’®’. Hence, outcomes with p-values close to 0.05 may be due to
spurious findings and should be interpreted with caution.

Type Il error and power

Statistical power was adequate for our main research questions in most
studies. In Study 111, the sample size was reduced as we excluded current
and previous smokers, resulting in only 37 current snus users at age 43.
Power calculations show that with this sample size, small or even
moderate risk increases will not be detected. This means that there is a
risk of a potential association between snus use and metabolic syndrome
or its components that we could not identify (a type Il error). The same
problem arose in sex-stratified analyse in Studies Il and 1V, due to a low
number of female exclusive snus users. We therefore had too low power
to, for example, perform analyses on cause-specific mortality in women.
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Results discussion

All-cause mortality—Studies | and 11

Our two studies on snus use and all-cause mortality showed increased
risk among snus users compared to non-users. Study | found a risk
increase of 1.28 (HR, 95% CI 1.20; 1.35), and in Study Il the HR was 1.23
(95% ClI 1.04; 1.46). The first study included only men, and adjustments
for age, BMI, and education were made. Sensitivity analyses that also
included adjustments for alcohol consumption and physical activity
supported the main results, as did several other sensitivity analyses and
dose—response analyses on duration of snus use.

Our second study gave us an opportunity to sharpen our adjustments for
socioeconomic factors. It also included women. While adjusting for age,
sex, calendar year, area of residence, co-habitation, education, income,
and physical activity, there was still a significantly increased risk of all-
cause mortality, both in the mixed-sex and men only groups.

Earlier research show increased risk of all-cause mortality among non-
smoking snus users at roughly the same levels as our studies. Bolinder et
al. found a RR of 1.4 (95% CI 1.3; 1.8), with a more pronounced risk
among younger snus users (35—54 years at inclusion)*'. Roosaar et al.
found a HR of 1.23 (95% CI 1.09; 1.40) for death among ever snus users
(current and former users combined) compared to non-users4C.

While point estimates differs somewhat between the studies on snus use
and all-cause mortality, we consider the results concordant. This is
further supported by the results from our meta-analysis displaying low
heterogeneity between study results. However, differences in the studied
populations such as inclusion of women, former snus users, and
socioeconomic and health differences between a cohort of construction
workers as compared to population-based samples may contribute to
varying point estimates between studies. Interestingly, when adjusting
for an identified interaction between snus use and area of residence in
Study 11, the overall mortality risk was somewhat inflated (HR 1.42, 95%
Cl 1.15; 1.76), underlining the importance of careful consideration of
socioeconomic factors in analyses on snus use and health.

Thus, considering our consistent results on snus use and all-cause

mortality that are in line with the previous studies on the topic, there is
now further evidence for snus use as a risk factor for increased all-cause
mortality. The size of the risk increase is estimated to be 1.32 (HR, 95 %
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Cl 1.21; 1.42) based on the meta-analysis of study I, 1l and the previous
studies by Bolinder, Roosaar and colleagues.

Cardiovascular mortality

Looking deeper at cause-specific mortality, the main driving factor for
increased all-cause mortality among snus users seems to be death from
cardiovascular diseases. This was apparent in Study |1, both in the
mixed-sex and men only groups. Study | did show the same tendency,
however, the supportive analyses were inconsistent in the case of
restricting follow-up time to 10 years, making us interpret those results
more carefully. Given the solid support for increased cardiovascular
mortality in Study Il and in previous literature40:41.43.46.5357.58 (Table la—
1b), and at least partial support from study I, with plausible biological
mechanisms and coherence to disease pathology, we find that there is
now robust evidence for an association between snus use and increased
risk of cardiovascular death.

The risk estimates in Study I, Study Il and the previous study by
Bolinder et al.*! are somewhat different. This could be caused by
heterogeneity between the eight pooled cohorts in Study I; for example
with regard to measurements of exposure, time periods, and population
characteristics such as socioeconomic background that may lower
precision, and thus attenuate the association. Also, the results from
Study 11 suggest that socioeconomic factors that were unaccounted for
may have lowered the risk estimates in Study 1.

Cancer mortality

Studies I and Il both showed a tendency toward increased total cancer
mortality among snus users. As the group of malignant diseases is vast
and heterogeneous, it is reasonable to think that while some types of
cancer may entail increased mortality among snus users, others will not,
and thus this measure of all cancer-related mortality becomes an
average, with the highest influence coming from the most common or
deadliest types of cancer. To gain further insights into this interesting
area, there is a need for more research on mortality from subtypes of
malignant diseases among snus users.

As discussed previously, snus contains known carcinogenic substances,
and has been shown to increase the incidence of some forms of cancer'ég,
Adding the two current studies on snus use and overall cancer mortality,
there are now four studies showing, at least in parts, increased risk of
cancer mortality among snus users34°, while one study showed no risk
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increase*l. Although causality between snus use and increased cancer
mortality cannot be assured in Study | and 11, our results together with
the previous findings on cancer-related mortality suggest that there may
be certain malignant diseases in which snus use leads to impaired
survival, or there may be an increased incidence in particularly lethal
cancers among snus users.

Other causes of mortality

“Other cause mortality” in Study | was defined as all cause-specific
mortality that was not generated by cardiovascular or cancer diseases.
This risk was clearly increased, and the result was supported by
additional analyses and dose—response analyses. In Study 11, we chose to
subdivide this group further into “external causes of death”, and the
remaining “other causes”. The results showed that risk of death from
external causes (e.g., accidents and suicide) may be increased, at least in
some socioeconomic strata. This suggests that snus users may have
increased risk of death from mental health disorders and risk-taking
behaviour. This in turn may be caused by pre-existing conditions or
personality traits that lead to tobacco addiction3233. It is also possible
that snus use in and of itself may lead to other behaviours with negative
health consequences, as indicated in a study by Norberg et al. showing
increased risk of alcohol dependence for snus users!®s. One may
speculate that snus use might cause biochemical or structural changes in
the brain, e.g., in the reward centre, that renders the user more prone to
other types of dependence (demonstrated in animal models and genetic
studies®), to mental health symptoms, or increased risk-taking.

Interestingly, in Study 11, the remaining other causes of death were not
increased among snus users, suggesting that higher risk of other cause
mortality may be limited to external causes of death.

Socioeconomic aspects

A main concern when investigating health consequences of snus use is
that SES is associated with snus use as well as with negative health
outcomes, including mortality'#4. In Study Il we demonstrate that
despite taking several important socioeconomic factors into
consideration, the risk of overall and cause-specific mortality remained
increased at a level relevant from both an individual and public health
perspective. Thus, socioeconomic differences between users and non-
users of snus cannot explain the associations between snus use and
increased mortality.
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The mortality risks for snus users were increased in both more and less
favourable socioeconomic groups. Using an overall SES classification,
increased risks were found in the medium SES group. That we found the
associations between snus use and increased all-cause and cardio-
vascular mortality in groups of varying social background indicate that
health hazards by snus use are not restricted to certain socioeconomic
strata. Our analyses further identified significant interaction between
area of residence and snus use, demonstrating the importance of
controlling for socioeconomic factors in analyses of health consequences
of snus use.

Pathological pathways

Moving forward from the two first studies, we asked ourselves what the
mechanisms behind this increased mortality among snus users might be.
After finding that previous research shows conflicting results with regard
to established cardiometabolic risk factors and is apparently lacking with
regard to more recently discovered ones, we proceeded with studies
within these two fields.

Established risk factors

Despite the well-demonstrated effects of increased heart rate and blood
pressure, increased lipolysis and vascular constriction, we could not find
any increase in the commonly-established risk factors of hypertension,
obesity, diabetes mellitus, abnormal lipid profile (high triglycerides, low
HDL-C), nor in metabolic syndrome prevalence. As mentioned, previous
literature shows conflicting evidence, or no increased prevalence among
snus users, for many of these risk factors. The association between snus
use and diabetes mellitus8.90:94.97 "however, has support in earlier work,
but not in our results, perhaps because our participants were still too
young to have developed T2D, or due to low power. Obesity has been
associated with snus use in several studies 49848545 However, many of
these studies had not excluded former smokers. A study that did®® found
that the increased risk of obesity in snus users was in fact restricted to
former smokers. There is a need for more research on this topic, to
evaluate whether the previously reported association perhaps is due to
residual confounding.

In Study 11, we added a number of potentially-mediating factors to our
fully adjusted regression model, to evaluate their importance on the
causal path. In line with the results of Study 111, there was no major
impact on estimates after this addition. Taken together, the increased
mortality risks for snus users that we have demonstrated do not seem to
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be mediated primarily via traditional cardiometabolic risk factors.
However, even if blood pressure among snus users is not raised during
abstinence (non-use), it will be while snus is used?>8°. This could
influence cardiovascular health, because users generally have a dip in
place during a substantial part of the day'.

Emerging risk factors

Low-grade inflammation

Our results on hs-CRP levels suggest that snus users have lower hs-CRP-
concentrations than non-users. If true, snus might have certain anti-
inflammatory properties that that may be protective against diseases
such as CVD and cancer. The only previous study on the subject show
non-increased CRP concentrations among users’3. Our study is larger
and has excluded current or previous smokers, and is therefore more
reliable. We conclude from this that low-grade inflammation is unlikely
to be an important mechanism linking snus use to adverse health
outcomes. However, to more closely evaluate snus effects on CRP,
longitudinal studies are needed.

Low vitamin D-concentrations

Study IV showed evidence of lower 25(0OH)D levels, and higher odds
ratios of having 25(OH)D in the lowest quartile among current snus
users. This is to our knowledge the only study on snus use and 25(OH)D,
but previous work on smoking and other forms of smokeless tobacco
have shown lower concentrations among users. One shortcoming in
Study 1V is that we did not have possibility to adjust for dietary intake of
vitamin D. This should be evaluated in future studies, as it may be an
important confounder of the association between snus use and vitamin-
D status.

The mechanisms for lower 25(0OH)D levels among smokers are still
unclear, and there is still uncertainty as to whether it is nicotine or other
toxic substances in cigarette smoke that is the cause!33. Our results on
snus use indicate that it may be nicotine that is primarily driving this
phenomenon.

Vitamin D has multiple functions in the body, including improved
cardiac contractility'®© and immune system enhancement®®!. A number of
diseases and conditions have been linked to low 25(OH)D, including
cardiometabolic risk factors, mental health symptoms'®?, CVDs, cancer'?
and increased overall mortality ratest®0-132. A greater risk of 25(OH)D
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deficiency among snus users could in itself contribute to, or be a part of
another mechanism explaining the increased mortality rates among snus
users with regard to both all-cause, cardiovascular, and cancer mortality.

Surprisingly, trials of D vitamin supplementation as a way of preventing
morbidity and mortality have not succeed in their mission, possibly due
to factors such as ethnicity, vitamin D-status, and genetic variability!®s.
This makes preventing low vitamin D levels, for example by tobacco use
prevention, even more important.

Increased testosterone concentrations

We found increased levels of testosterone among male snus users in
Study IV. This is supported by a recent study showing increased
testosterone and reduced sperm count in snus users!®4, and by reports of
raised testosterone among users of other types of smokeless tobacco!¢
and cigarettes!3. It has been suggested that these associations may be
mediated by stimulation of gonadotropin-releasing hormone and
luteinising hormone®® and inhibition of testosterone break down by
cotinine'®. The association between raised testosterone concentrations
and nicotine-containing products strengthen the plausibility of an
association also with snus use, and the proposed underlying biochemical
mechanisms provide a credible explanation of how it may arise.

The evidence base on health effects by testosterone show primarily that
low testosterone levels among men is associated with various adverse
health outcomes, including increased risk of cardiovascular events and
mortality. However, supraphysiological levels of testosterone also have
negative effects on the body, increasing the risk of for example
hypertension, worsened metabolic profiles and, according to some
reports, higher risk of CVD96.197_ As it appears, testosterone may have
both protective and non-beneficial effects!®4, and further studies are
needed to establish potential health risks by moderately increased
testosterone concentrations. Thus, raised free testosterone levels may
contribute to increased mortality among snus users, but are not likely to
be a main underlying mechanism of this association.

The modern snus user

As previously described, the snus-using population has changed over the
last few decades to include men from all socioeconomic strata, and more
women (where the socioeconomic patterns are not the same as for men).
These societal changes may mean that in older snus-using cohorts, we
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are studying a population that is different from the modern group of
SNus users.

While we want to investigate the effects of snus use on health, excluding
current and previous smokers is essential. However, whether this
approach produces results that are valid for the snus-using population,
as a large proportion of snus users also smoke at some point in life,
merits discussion. Dual use, and use of snus among previous smokers,
may lead to unknown multiplicative interactions that we do not identify
in our studies on exclusive snus users. Perhaps it would be closer to
reality to study snus use without excluding smokers, although it must
then be made clear that it is not the pure snus effect that is studied. We
suggest, as a complement to studies on exclusive snus use, deepened
research into the dual effects of smoking and snus use.

Aspects on sex and gender

It is known that cardiometabolic risk factors have different impact on the
health of men and women. For example, in a meta-analysis using data
from 75 cohorts, the relative risk for CVD from smoking was 25% higher
in women compared to men'4., It is unknown whether this is due to
socially-mediated differences in smoking patterns or risk-taking
behaviours, or related to biological mechanisms, possibly involving sex
hormones. As nicotine is the main constituent in both cigarettes and
snus, it is clearly important to evaluate the possible health effects of snus
use for men and women separately. However, due to few female
exclusive snus users in current cohorts, this has been difficult so far.
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Public health relevance

Snus and tobacco harm reduction

There has been an interest in finding alternative ways of reducing the
vast global burden of disease and death caused by tobacco smoking,
known as tobacco harm reduction. Within this movement, there have
been public health workers, researchers and representatives of the
tobacco industry working to promote snus as a possible means of
encouraging smoking cessation among smokers unable or unwilling to
quit. Sweden has been viewed as a successful example of how the wide-
spread use of snus has contributed to the low rates of cigarette smoking,
and therefore also to lower death tolls in, for example, lung cancer.

In theory and at a first glance, this may seem an appealing strategy, but
there are weak points. First, it is uncertain whether snus would actually
be effective as a cessation aid or substitute for inveterate smokers!98.19,
There have been studies showing increased quit rates among
Scandinavian snus users, but these studies have a low degree of
evidence??, Other studies could not find any benefit, some even showing
that snus use may serve as a gateway to smoking, thus increasing
smoking rates when the intention was the opposite201-204,

Secondly, snus is not a harmless alternative to smoking. As previously
discussed, there are a number of known negative health consequences to
snus use, and also several fields where there is too little knowledge. If
snus is to be used as a recommended cessation aid, the possible public
health gain must be clearly proven, which is currently not the case.

A third reason for the unsuitability of recommending snus use to
smokers is that studies have shown that this may frequently result in
dual use of snus and cigarettes33202, Although by some seen as positive
because of reduced number of cigarettes per day, dual use is not well
understood?°s. It is possible that the use of cigarettes and snus may
interact to pose serious health hazards to the user?°. Experience from
the introduction of light cigarettes—which failed due to in part individual
changes in smoking behaviour, but also in part because the conversion of
toxins was actually greater at lower exposures—bids us to thoroughly
examine the effects of dual use before recommending snus for the
purpose of smoking cessation?°5. Also, previous work show that dual
users experience stronger dependence and increased withdrawal
symptoms during quitting attempts2°’.
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Taken together, the evidence for snus use as a successful as a strategy to
reduce smoking in society is low, and there are indications that such
efforts would put individuals at greater risk and result in lower quit
rates. At the same time, nicotine replacement therapy (NRT) offers safe
and at least moderately-effective means of providing nicotine in
controlled doses, without known carcinogens, to users who wish to quit
or reduce their smoking?°. While snus is not shown to be superior to
NRTs, the latter should be chosen in accordance to evidence.

Clinical implications

The results from Studies 1-1V are highly relevant from clinical and
public health perspectives, especially in populations where snus use is
widespread. They are also important in discussions on legal and harm
reduction aspects involving snus. Further, they are easily incorporated
into clinical practice. Apart from a general appeal to any snus user to
quit this habit, it should be especially emphasised among individuals
with high cardiovascular risk or manifest CVD. For public health
benefits, efforts to prevent snus introduction should be intensified, and
more resources put into snus cessation aid.
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Future perspectives

There is still much to be learned about the potential health effects of
snus use. Long-term health consequences of snus use among women
should be addressed. Evaluating mortality rates of different cancers may
reveal that mortality in some forms of cancer is associated with snus use
while others are not. The associations seen between snus use and hs-
CRP, 25(0OH)D and testosterone should also be explored in more depth,
for example regarding vitamin D-status and dietary factors in snus users,
and a potential impact of snus use on fertility among men and women.
Other interesting research fields include the microbiotic content of snus
and its influence on health, and the dual effects of smoking and snus use.
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Conclusions

From this thesis, in mixed-sex and men only-groups, we conclude that:

e Snus use is associated with increased all-cause and
cardiovascular mortality, even after comprehensive adjustments
for health measures, lifestyle, and socioeconomic factors. Snus
use may also be associated with increased cancer mortality.

e Snus use is associated with increased mortality of causes other
than cardiovascular and cancer diseases. This association may be
restricted to death by external causes.

e Snus users of both more and less favourable socioeconomic
background have increased risk of death. The associations
between snus use and mortality cannot be explained by
socioeconomic differences between snus users and non-users.

e Snus use over the life-course does not seem to be associated with
metabolic syndrome or its individual components (obesity,
hypertension, altered blood lipids, T2D or impaired glucose
metabolism). It is unlikely that these risk factors would constitute
the main pathways linking snus use to increased mortality.

e Snus use is associated with lower concentrations of biomarkers
representing low-grade inflammation and vitamin D-status in
both sexes, and higher concentrations of free testosterone in
men. Lower vitamin D-concentrations and increased testosterone
levels may contribute to, or be part of, mechanisms explaining
higher mortality among snus users.

66



Acknowledgements

First, warmest thanks to all participants and project staff of the included
studies — NoSCo, VIP, MONICA, and the cohorts of the Snus colab.
Without you, there would be no studies!

My main supervisor Patrik Wennberg: a million thanks for your constant
support, patience and never-ending enthusiasm. Thank you for always
asking questions that make me a better researcher, for answering
thousands of e-mails, and believing in me. Having you as my supervisor
has been a true privilege.

Thank you to Marie Eriksson and Jan-Hakan Jansson, my amazing co-
supervisors, for excellent advice, hard work, and for all the inspiration
and support you've given me these years.

Thank you to all my co-authors, especially to Cecilia Magnusson at
Karolinska Institute for letting me work with your impressive pooling
project, the Snus Collaboration, and for a rewarding research visit, and
to Goran Brostrom for guiding me in the exciting world of R statistics.

To past and present colleagues at the Clinical medicine department,
most importantly my fellow researchers at the Family medicine unit.
Thanks to my PhD-colleagues Maria Brannholm Syrjala, Towe
Wadensten, Anna Bengtsson and all others (none forgotten!) for making
my work easier, better and much more fun. To Ida Blomqvist for our
long sessions of statistics and for being my friend. Thanks to Olov
Rolandsson for being my examiner and a caring head of unit. Special
thanks to Marie Hammarstedt, Elin Lindahl and Maria Bostréom, for help
and inspiration.

To my colleagues at the geriatric clinic in Ornskoldsvik: Thank you for
doing the work in my absence, and for your support and friendship.
Special thanks to my residency supervisors Britta Isaksson-Nilsson and
Jonas Nyfelt, and to my boss Monica Mdrtzell for granting me time for
research.

FoU Vasternorrland, thanks for economic and practical support, and for

your efforts to stimulate research in our county. Special thanks to
Jeanette Sundstrom for your enthusiasm and support.

67



To Vivienne Moore and Anthea Hutchinsson for inviting and hosting me
at the research visit to University of Adelaide. It was an experience for
life!

To my friends in Ornskoldsviks musiksallskap, Ornskoldsviks
kammarkor, Ornskéldsviks spelmanslag and everyone else that | make
music with, for all the good times, and for sharing my passion.

Thank you to past and present friends for enriching my life. All my love
to my best friends Viktoria Thurfjell and Elin Bergman for always being
there, for all the fun we have, and for being absolutely amazing.

To my mother-in-law Barbro for caring and babysitting, and all of the
Bylund family for your love.

To mum and dad, for support and love, for looking after my children and
from childhood showing me how fun it is to “gota”.

Thank you to my sister and best friend Nadja and her family, for love and
inspiration, always.

To Malte, Essie, Isak and Julian — my “fantastic four” — you are my
constant inspiration and joy, and to my husband Simon, with love. Work
is great, but you are what really matters. | am blessed, so proud, and
humbled to have you by my side in the adventure of life.

(Kids, don’t use snus. You might choke on it! Or you might die.)

68



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

References

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Smokeless tobacco
and some tobacco-specific N-nitrosamines. IARC Monogr Eval Carcinog Risks Hum 2007,
89: 1-592.

Jonson M. Snus! The Complete Guide to Brands, Manufacturing, and Art of Enjoying
Smokeless Tobacco. Racehorse, 2019.

Nordgren P, Ramstrém L. Moist snuff in Sweden--tradition and evolution. Br J Addict 1990;
85: 1107-1112.

Peeters S, Gilmore AB. Transnational tobacco company interests in smokeless tobacco in
Europe: analysis of internal industry documents and contemporary industry materials. PLoS
Med 2013; 10: e1001506.

Cornelius ME. Tobacco Product Use Among Adults — United States, 2020. MMWR Morb
Mortal Wkly Rep; 71. Epub ahead of print 2022. DOI: 10.15585/mmwr.mm7111al.

Statistics Sweden. Tobacco habits by indicator, age and sex. Percentage and estimated
numbers in thousands. Year 2008-2009- 2021-2021., https://scb.se/en/finding-
statistics/statistics-by-subject-area/living-conditions/living-conditions/living-conditions-
surveys-ulfsilc/ (2022, accessed 14 October 2022).

Engstrom K, Magnusson C, Galanti MR. Socio-demographic, lifestyle and health
characteristics among snus users and dual tobacco users in Stockholm County, Sweden. BMC
Public Health 2010; 10: 619.

Norberg M, Malmberg G, Ng N, et al. Who is using snus? - Time trends, socioeconomic and
geographic characteristics of snus users in the ageing Swedish population. BMC Public Health
2011; 11: 929.

Eriksson M, Holmgren L, Janlert U, et al. Large improvements in major cardiovascular risk
factors in the population of northern Sweden: the MONICA study 1986-2009. J Intern Med
2011; 269: 219-231.

De Knop P, Engstrém L-M, Skirstad B, et al. Worldwide trends in youth sport. Human
Kinetics 1996; 276—81.

Rolandsson M, Hugoson A. Changes in tobacco habits. A prospective longitudinal study of
tobacco habits among boys who play ice hockey. Swed Dent J 2003; 27: 175—184.

Karvonen JS, Rimpeld AH, Rimpela M. Do sports clubs promote snuff use? Trends among
Finnish boys between 1981 and 1991. Health Education Research 1995; 10: 147—154.
Mattila VM, Raisamo S, Pihlajamaki H, et al. Sports activity and the use of cigarettes and snus
among young males in Finland in 1999-2010. BMC Public Health 2012; 12: 230.

Melnick MJ, Miller KE, Sabo DF, et al. Tobacco use among high school athletes and
nonatieletes: results of the 1997 youth risk behavior survey. Adolescence 2001; 36: 727—747.
Baldini FD, Skinner JS, Landers DM, et al. Effects of varying doses of smokeless tobacco at
rest and during brief, high-intensity exercise. Mil Med 1992; 157: 51-55.

Connolly GN, Orleans CT, Kogan M. Use of smokeless tobacco in major-league baseball. N
Engl J Med 1988; 318: 1281-1285.

Morente-Sanchez J, Zandonai T, Mateo-March M, et al. Acute effect of Snus on physical
performance and perceived cognitive load on amateur footballers. Scand J Med Sci Sports
2015; 25: e423-431.

Van Duser BL, Raven PB. The effects of oral smokeless tobacco on the cardiorespiratory
response to exercise. Med Sci Sports Exerc 1992; 24: 389—395.

Escher SA, Tucker AM, Lundin TM, et al. Smokeless tobacco, reaction time, and strength in
athletes. Med Sci Sports Exerc 1998; 30: 1548—1551.

Fant RV, Henningfield JE, Nelson RA, et al. Pharmacokinetics and pharmacodynamics of
moist snuff in humans. Tob Control 1999; 8: 387—392.

69



21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Testfakta. [Many poisons in snus]. 13 June 2014, https://www.testfakta.se/sv/kropp-
halsa/article/manga-gifter-i-snuset (13 June 2014, accessed 16 October 2022).

Snusbolaget, www.snusbolaget.se (accessed 16 October 2022).

Benowitz NL, Gourlay SG. Cardiovascular toxicity of nicotine: implications for nicotine
replacement therapy. J Am Coll Cardiol 1997; 29: 1422—-1431.

Bolinder G, de Faire U. Ambulatory 24-h blood pressure monitoring in healthy, middle-aged
smokeless tobacco users, smokers, and nontobacco users. Am J Hypertens 1998; 11: 1153—
1163.

Rohani M, Agewall S. Oral snuff impairs endothelial function in healthy snuff users. J Intern
Med 2004; 255: 379—-383.

Benowitz NL, Porchet H, Sheiner L, et al. Nicotine absorption and cardiovascular effects with
smokeless tobacco use: comparison with cigarettes and nicotine gum. Clin Pharmacol Ther
1988; 44: 23-28.

Kreyberg I, Nordhagen LS, Bains KES, et al. An update on prevalence and risk of snus and
nicotine replacement therapy during pregnancy and breastfeeding. Acta Paediatr 2019; 108:
1215-1221.

Nordenstam F, Norman M, Wickstrém R. Blood Pressure and Heart Rate Variability in
Preschool Children Exposed to Smokeless Tobacco in Fetal Life. J Am Heart Assoc 2019; 8:
€012629.

Bolinder G. [Overview of knowledge of health effects of smokeless tobacco. Increased risk of
cardiovascular diseases and mortality because of snuff]. Lakartidningen 1997; 94: 3725—-3731.

Wilhelm J, Mishina E, Viray L, et al. The pH of Smokeless Tobacco Determines Nicotine
Buccal Absorption: Results of a Randomized Crossover Trial. Clin Pharmacol Ther 2022; 111:
1066—1074.

Benowitz NL. Neurobiology of nicotine addiction: implications for smoking cessation
treatment. Am J Med 2008; 121: S3-10.

Hu FB, Hedeker D, Flay BR, et al. The patterns and predictors of smokeless tobacco onset
among urban public school teenagers. Am J Prev Med 1996; 12: 22—28.

Grgtvedt L, Forsén L, Stavem K, et al. Patterns of snus and cigarette use: a study of Norwegian
men followed from age 16 to 19. Tob Control 2013; 22: 382—388.

Norberg M, Lundqvist G, Nilsson M, et al. Changing patterns of tobacco use in a middle-aged
population: the role of snus, gender, age, and education. Glob Health Action; 4. Epub ahead of
print 2011. DOI: 10.3402/gha.v4i0.5613.

Hecht SS, Hatsukami DK. Smokeless tobacco and cigarette smoking: chemical mechanisms
and cancer prevention. Nat Rev Cancer 2022; 22: 143—155.

Smyth EM, Kulkarni P, Claye E, et al. Smokeless tobacco products harbor diverse bacterial
microbiota that differ across products and brands. Appl Microbiol Biotechnol 2017; 101:
5391-5403.

Chattopadhyay S, Malayil L, Mongodin EF, et al. A roadmap from unknowns to knowns:
Advancing our understanding of the microbiomes of commercially available tobacco products.
Appl Microbiol Biotechnol 2021; 105: 2633—2645.

Institute for Health Metrics and Evaluation (IHME). GBD Compare Data Visualization.
Seattle, WA: IHME, University of Washington, http://vizhub.healthdata.org/gbd-compare
(2020, accessed 16 October 2022).

Nordenvall C, Nilsson PJ, Ye W, et al. Tobacco use and cancer survival: a cohort study of
40,230 Swedish male construction workers with incident cancer. Int J Cancer 2013; 132: 155—
161.

Roosaar A, Johansson ALV, Sandborgh-Englund G, et al. Cancer and mortality among users
and nonusers of snus. Int J Cancer 2008; 123: 168—173.

70



41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Bolinder G, Alfredsson L, Englund A, et al. Smokeless tobacco use and increased
cardiovascular mortality among Swedish construction workers. Am J Public Health 1994; 84:
399-404.

Titova OE, Baron JA, Michaélsson K, et al. Swedish snuff (snus) and risk of cardiovascular
disease and mortality: prospective cohort study of middle-aged and older individuals. BMC
Med 2021; 19: 111.

Hansson J, Galanti MR, Hergens M-P, et al. Use of snus and acute myocardial infarction:
pooled analysis of eight prospective observational studies. Eur J Epidemiol 2012; 27: 771—779.

Hansson J, Pedersen NL, Galanti MR, et al. Use of snus and risk for cardiovascular disease:
results from the Swedish Twin Registry. J Intern Med 2009; 265: 717—724.

Janzon E, Hedblad B. Swedish snuff and incidence of cardiovascular disease. A population-
based cohort study. BMC Cardiovasc Disord 2009; 9: 21.

Hergens M-P, Lambe M, Pershagen G, et al. Risk of hypertension amongst Swedish male snuff
users: a prospective study. J Intern Med 2008; 264: 187—194.

Haglund B, Eliasson M, Stenbeck M, et al. Is moist snuff use associated with excess risk of
IHD or stroke? A longitudinal follow-up of snuff users in Sweden. Scand J Public Health
2007; 35: 618—622.

Wennberg P, Eliasson M, Hallmans G, et al. The risk of myocardial infarction and sudden
cardiac death amongst snuff users with or without a previous history of smoking. J Intern Med
2007; 262: 360—367.

Hergens M-P, Ahlbom A, Andersson T, et al. Swedish moist snuff and myocardial infarction
among men. Epidemiology 2005; 16: 12—16.

Johansson S-E, Sundquist K, Qvist J, et al. Smokeless tobacco and coronary heart disease: a
12-year follow-up study. Eur J Cardiovasc Prev Rehabil 2005; 12: 387—392.

Huhtasaari F, Lundberg V, Eliasson M, et al. Smokeless tobacco as a possible risk factor for
myocardial infarction: a population-based study in middle-aged men. J Am Coll Cardiol 1999;
34:1784-1790.

Huhtasaari F, Asplund K, Lundberg V, et al. Tobacco and myocardial infarction: is snuff less
dangerous than cigarettes? BMJ 1992; 305: 1252—1256.

Hansson J, Galanti MR, Hergens M-P, et al. Snus (Swedish smokeless tobacco) use and risk of
stroke: pooled analyses of incidence and survival. J Intern Med 2014; 276: 87—95.

Asplund K, Nasic S, Janlert U, et al. Smokeless tobacco as a possible risk factor for stroke in
men: a nested case-control study. Stroke 2003; 34: 1754—1759.

Hergens M-P, Galanti R, Hansson J, et al. Use of Scandinavian moist smokeless tobacco
(snus) and the risk of atrial fibrillation. Epidemiology 2014; 25: 872—876.

Arefalk G, Hergens M-P, Ingelsson E, et al. Smokeless tobacco (snus) and risk of heart failure:
results from two Swedish cohorts. Eur J Prev Cardiol 2012; 19: 1120-1127.

Arefalk G, Hambraeus K, Lind L, et al. Discontinuation of smokeless tobacco and mortality
risk after myocardial infarction. Circulation 2014; 130: 325—332.

Hergens M-P, Alfredsson L, Bolinder G, et al. Long-term use of Swedish moist snuff and the
risk of myocardial infarction amongst men. J Intern Med 2007; 262: 351—359.

Gupta R, Gupta S, Sharma S, et al. Risk of Coronary Heart Disease Among Smokeless Tobacco
Users: Results of Systematic Review and Meta-Analysis of Global Data. Nicotine Tob Res
2019; 21: 25-31.

Gupta R, Gupta S, Sharma S, et al. Association of smokeless tobacco and cerebrovascular
accident: a systematic review and meta-analysis of global data. J Public Health (Oxf) 2020;
42: e150—e157.

Hajar R. Risk Factors for Coronary Artery Disease: Historical Perspectives. Heart Views 2017;
18: 109-114.

Alberti KGMM, Zimmet P, Shaw J, et al. The metabolic syndrome--a new worldwide
definition. Lancet 2005; 366: 1059—-1062.

71



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

8l

82.

Bengtsson A. Pictorial presentation of subclinical atherosclerosis : a measure to reduce the risk
for cardiovascular disease, http://urn.kb.se/resolve?urn=urn:nbn:se:umu:diva-186699 (2021,
accessed 19 October 2022).

Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable risk factors associated
with myocardial infarction in 52 countries (the INTERHEART study): case-control study.
Lancet 2004; 364: 937—952.

O’Donnell MJ, Chin SL, Rangarajan S, et al. Global and regional effects of potentially
modifiable risk factors associated with acute stroke in 32 countries (INTERSTROKE): a case-
control study. Lancet 2016; 388: 761—775.

Eliasson M, Asplund K, Evrin PE, et al. Relationship of cigarette smoking and snuff dipping to
plasma fibrinogen, fibrinolytic variables and serum insulin. The Northern Sweden MONICA
Study. Atherosclerosis 1995; 113: 41-53.

Wennmalm A, Benthin G, Granstréom EF, et al. Relation between tobacco use and urinary
excretion of thromboxane A2 and prostacyclin metabolites in young men. Circulation 1991,
83:1698—1704.

Bolinder G, Norén A, de Faire U, et al. Smokeless tobacco use and atherosclerosis: an
ultrasonographic investigation of carotid intima media thickness in healthy middle-aged men.
Atherosclerosis 1997; 132: 95—103.

Eliasson M, Lundblad D, Hagg E. Cardiovascular risk factors in young snuff-users and
cigarette smokers. J Intern Med 1991; 230: 17—22.

Jiang D-J, Jia S-J, Yan J, et al. Involvement of DDAH/ADMA/NOS pathway in nicotine-
induced endothelial dysfunction. Biochem Biophys Res Commun 2006; 349: 683—693.

Zhang W-Z, Venardos K, Chin-Dusting J, et al. Adverse effects of cigarette smoke on NO
bioavailability: role of arginine metabolism and oxidative stress. Hypertension 2006; 48:
278-285.

Adamopoulos D, van de Borne P, Argacha JF. New insights into the sympathetic, endothelial
and coronary effects of nicotine. Clin Exp Pharmacol Physiol 2008; 35: 458—463.

Wallenfeldt K, Hulthe J, Bokemark L, et al. Carotid and femoral atherosclerosis,
cardiovascular risk factors and C-reactive protein in relation to smokeless tobacco use or
smoking in 58-year-old men. J Intern Med 2001; 250: 492—-501.

Mehta M, Jain A, Mehta A, et al. Cardiac Arrhythmias Following Intravenous Nicotine:
Experimental Study in Dogs. J Cardiovasc Pharmacol Ther 1997; 2: 291-298.

Ohara T, Yashima M, Hamzei A, et al. Nicotine Increases Spatiotemporal Complexity of
Ventricular Fibrillation Wavefront on the Epicardial Border Zone of Healed Canine Infarcts. J
Cardiovasc Pharmacol Ther 1999; 4: 121-127.

Yashima M, Ohara T, Cao JM, et al. Nicotine increases ventricular vulnerability to fibrillation
in hearts with healed myocardial infarction. Am J Physiol Heart Circ Physiol 2000; 278:
H2124-2133.

Bunch TJ, Hohnloser SH, Gersh BJ. Mechanisms of Sudden Cardiac Death in Myocardial
Infarction Survivors. Circulation 2007; 115: 2451—-2457.

Bolinder GM, Ahlborg BO, Lindell JH. Use of smokeless tobacco: blood pressure elevation and
other health hazards found in a large-scale population survey. J Intern Med 1992; 232: 327—
334.

Hirsch JM, Hedner J, Wernstedt L, et al. Hemodynamic effects of the use of oral snuff. Clin
Pharmacol Ther 1992; 52: 394—401.

Attvall S, Fowelin J, Lager I, et al. Smoking induces insulin resistance--a potential link with
the insulin resistance syndrome. J Intern Med 1993; 233: 327—332.

Persson PG, Carlsson S, Svanstrom L, et al. Cigarette smoking, oral moist snuff use and
glucose intolerance. J Intern Med 2000; 248: 103-110.

Eliasson M, Asplund K, Nasic S, et al. Influence of smoking and snus on the prevalence and
incidence of type 2 diabetes amongst men: the northern Sweden MONICA study. J Intern Med
2004; 256: 101-110.

72



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Rodu B, Stegmayr B, Nasic S, et al. The influence of smoking and smokeless tobacco use on
weight amongst men. J Intern Med 2004; 255: 102—107.

Norberg M, Stenlund H, Lindahl B, et al. Contribution of Swedish moist snuff to the metabolic
syndrome: a wolf in sheep’s clothing? Scand J Public Health 2006; 34: 576—583.

Nafziger AN, Lindvall K, Norberg M, et al. Who is maintaining weight in a middle-aged
population in Sweden? A longitudinal analysis over 10 years. BMC Public Health 2007; 7: 108.

Angman M, Eliasson M. [Snuff and blood pressure. Cross-sectional study of blood pressure in
rest among men in the MONICA study in Northern Sweden]. Lakartidningen 2008; 105:
3530—3535.

Waéndell PE, Bolinder G, de Faire U, et al. Association between metabolic effects and tobacco
use in 60-year-old Swedish men. Eur J Epidemiol 2008; 23: 431—434.

Sundbeck M, Grahn M, Lénngren V, et al. Snuff use associated with abdominal obesity in
former smokers. Scand J Public Health 2009; 37: 487—493.

Hansson J, Galanti MR, Magnusson C, et al. Weight gain and incident obesity among male
snus users. BMC Public Health 2011; 11: 371.

Ostenson C-G, Hilding A, Grill V, et al. High consumption of smokeless tobacco (‘snus’)
predicts increased risk of type 2 diabetes in a 10-year prospective study of middle-aged
Swedish men. Scand J Public Health 2012; 40: 730—-737.

@verland S, Skogen JC, Lissner L, et al. Snus use and cardiovascular risk factors in the general
population: the HUNT3 study. Addiction 2013; 108: 2019—-2028.

Varga TV, Hallmans G, Hu FB, et al. Smoking status, snus use, and variation at the CHRNAS5-
CHRNA3-CHRNBA4 locus in relation to obesity: the GLACIER study. Am J Epidemiol 2013;
178: 31-37.

Skaug E-A, Nes B, Aspenes ST, et al. Non-Smoking Tobacco Affects Endothelial Function in
Healthy Men in One of the Largest Health Studies Ever Performed; The Nord-Trgndelag
Health Study in Norway; HUNT3. PLoS One 2016; 11: e0160205.

Carlsson S, Andersson T, Araghi M, et al. Smokeless tobacco (snus) is associated with an
increased risk of type 2 diabetes: results from five pooled cohorts. J Intern Med 2017; 281:
398—406.

Rasouli B, Andersson T, Carlsson P-O, et al. Use of Swedish smokeless tobacco (snus) and the
risk of Type 2 diabetes and latent autoimmune diabetes of adulthood (LADA). Diabet Med
2017; 34:514-521.

Antoniewicz L, Novo M, Bosson J, et al. Brief exposure to Swedish snus causes divergent
vascular responses in healthy male and female volunteers. PLoS One 2018; 13: e0195493.
Carlsson S, Kuja-Halkola R, Magnusson C, et al. Tobacco and type 2 diabetes: is the
association explained by genetic factors? Int J Epidemiol 2019; 48: 926—933.

Sdderstrom E, Nilsson TK, Schneede J, et al. Plasma Cotinine Is Positively Associated with
Homocysteine in Smokers but Not in Users of Smokeless Tobacco. Int J Environ Res Public
Health 2021; 18: 11365.

Antoniewicz L, Kabele M, Nilsson U, et al. Chronic snus use in healthy males alters endothelial
function and increases arterial stiffness. PLoS One 2022; 17: e0268746.

Byhamre ML, Eliasson M, Sdderberg S, et al. FEL No association between snus use and lipid
biomarker status: a population-based study. In manuscript.

Edstorp J, Wei Y, Ahlgvist E, et al. Smoking, use of smokeless tobacco, HLA genotypes and
incidence of latent autoimmune diabetes in adults. Diabetologia. Epub ahead of print 28 July
2022. DOI: 10.1007/s00125-022-05763-w.

Wilson KM, Markt SC, Fang F, et al. Snus use, smoking and survival among prostate cancer
patients. Int J Cancer 2016; 139: 2753—2759.

Araghi M, Galanti MR, Lundberg M, et al. Smokeless tobacco (snus) use and colorectal cancer
incidence and survival: Results from nine pooled cohorts. Scand J Public Health 2017; 45:
741-748.

73



104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.
119.

120.

121.

122.

123.

124.

125.

Schildt EB, Eriksson M, Hardell L, et al. Oral snuff, smoking habits and alcohol consumption
in relation to oral cancer in a Swedish case-control study. Int J Cancer 1998; 77: 341—-346.

Lewin F, Norell SE, Johansson H, et al. Smoking tobacco, oral snuff, and alcohol in the
etiology of squamous cell carcinoma of the head and neck: a population-based case-referent
study in Sweden. Cancer 1998; 82: 1367—1375.

Luo J, Ye W, Zendehdel K, et al. Oral use of Swedish moist snuff (snus) and risk for cancer of
the mouth, lung, and pancreas in male construction workers: a retrospective cohort study.
Lancet 2007; 369: 2015—2020.

Rosenquist K, Wennerberg J, Schildt E-B, et al. Use of Swedish moist snuff, smoking and
alcohol consumption in the aetiology of oral and oropharyngeal squamous cell carcinoma. A
population-based case-control study in southern Sweden. Acta Otolaryngol 2005; 125: 991—
998.

Boffetta P, Aagnes B, Weiderpass E, et al. Smokeless tobacco use and risk of cancer of the
pancreas and other organs. Int J Cancer 2005; 114: 992—-995.

Asthana S, Labani S, Kailash U, et al. Association of Smokeless Tobacco Use and Oral Cancer:
A Systematic Global Review and Meta-Analysis. Nicotine Tob Res 2019; 21: 1162—1171.

Hansson LE, Baron J, Nyrén O, et al. Tobacco, alcohol and the risk of gastric cancer. A
population-based case-control study in Sweden. Int J Cancer 1994; 57: 26—31.

Lagergren J, Bergstrém R, Lindgren A, et al. The role of tobacco, snuff and alcohol use in the
aetiology of cancer of the oesophagus and gastric cardia. Int J Cancer 2000; 85: 340—346.

Ye W, Ekstrém AM, Hansson LE, et al. Tobacco, alcohol and the risk of gastric cancer by sub-
site and histologic type. Int J Cancer 1999; 83: 223—-229.

Zendehdel K, Nyrén O, Luo J, et al. Risk of gastroesophageal cancer among smokers and users
of Scandinavian moist snuff. Int J Cancer 2008; 122: 1095—1099.

Araghi M, Rosaria Galanti M, Lundberg M, et al. Use of moist oral snuff (snus) and pancreatic
cancer: Pooled analysis of nine prospective observational studies. Int J Cancer 2017; 141:
687—693.

Nordenvall C, Nilsson PJ, Ye W, et al. Smoking, snus use and risk of right- and left-sided
colon, rectal and anal cancer: a 37-year follow-up study. Int J Cancer 2011; 128: 157—-165.

Odenbro A, Bellocco R, Boffetta P, et al. Tobacco smoking, snuff dipping and the risk of
cutaneous squamous cell carcinoma: a nationwide cohort study in Sweden. Br J Cancer 2005;
92:1326-1328.

Fernberg P, Odenbro A, Bellocco R, et al. Tobacco use, body mass index, and the risk of
leukemia and multiple myeloma: a nationwide cohort study in Sweden. Cancer Res 2007; 67:
5983-5986.

Johansson E (ed). [Cancer in numbers 2018.], www.socialstyrelsen.se (2018).

Donati MB. The ‘common soil hypothesis’: evidence from population studies? Thromb Res
2010; 125 Suppl 2: $92-95.

Heeschen C, Jang JJ, Weis M, et al. Nicotine stimulates angiogenesis and promotes tumor
growth and atherosclerosis. Nat Med 2001; 7: 833—839.

Heeschen C, Chang E, Aicher A, et al. Endothelial progenitor cells participate in nicotine-
mediated angiogenesis. J Am Coll Cardiol 2006; 48: 2553—2560.

Zong D, Liu X, Li J, et al. The role of cigarette smoke-induced epigenetic alterations in
inflammation. Epigenetics Chromatin 2019; 12: 65.

McCartney DL, Stevenson AJ, Hillary RF, et al. Epigenetic signatures of starting and stopping
smoking. EBioMedicine 2018; 37: 214—220.

Roosaar A, Johansson ALV, Sandborgh-Englund G, et al. A long-term follow-up study on the
natural course of snus-induced lesions among Swedish snus users. Int J Cancer 2006; 119:
392-397.

Alizadehgharib S, Lehrkinder A, Alshabeeb A, et al. The effect of a non-tobacco-based nicotine
pouch on mucosal lesions caused by Swedish smokeless tobacco (snus). Eur J Oral Sci 2022;
130: e12885.

74



126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Axéll TE. Oral mucosal changes related to smokeless tobacco usage: research findings in
Scandinavia. Eur J Cancer B Oral Oncol 1993; 29B: 299—-302.

Larsson A, Axéll T, Andersson G. Reversibility of snuff dippers’ lesion in Swedish moist snuff
users: a clinical and histologic follow-up study. J Oral Pathol Med 1991; 20: 258—264.

Hansson GK, Robertson A-KL, Soderberg-Nauclér C. Inflammation and atherosclerosis. Annu
Rev Pathol 2006; 1: 297—329.

McEvoy JW, Nasir K, DeFilippis AP, et al. Relationship of cigarette smoking with
inflammation and subclinical vascular disease: the Multi-Ethnic Study of Atherosclerosis.
Arterioscler Thromb Vasc Biol 2015; 35: 1002—1010.

Kendrick J, Targher G, Smits G, et al. 25-Hydroxyvitamin D deficiency is independently
associated with cardiovascular disease in the Third National Health and Nutrition
Examination Survey. Atherosclerosis 2009; 205: 255—-260.

Schottker B, Jorde R, Peasey A, et al. Vitamin D and mortality: meta-analysis of individual
participant data from a large consortium of cohort studies from Europe and the United States.
BMJ 2014; 348: g3656.

Mondul AM, Weinstein SJ, Layne TM, et al. Vitamin D and Cancer Risk and Mortality: State
of the Science, Gaps, and Challenges. Epidemiol Rev 2017; 39: 28—48.

Yuan L, Ni J. The association between tobacco smoke exposure and vitamin D levels among
US general population, 2001-2014: temporal variation and inequalities in population
susceptibility. Environ Sci Pollut Res Int 2022; 29: 32773—-32787.

Tostes RC, Carneiro FS, Carvalho MHC, et al. Reactive oxygen species: players in the
cardiovascular effects of testosterone. Am J Physiol Regul Integr Comp Physiol 2016; 310: R1-
14.

Wang W, Yang X, Liang J, et al. Cigarette smoking has a positive and independent effect on
testosterone levels. Hormones (Athens) 2013; 12: 567-577.

Shah SS, Shah M, Habib SH, et al. Correlation of plasma kisspeptin with total testosterone
levels in smokeless tobacco and smoking tobacco users in a healthy cohort: A cross-sectional
study. Andrologia 2019; 51: €13409.

Annual report 2021. Swedish Match.

Delnevo CD, Wackowski OA, Giovenco DP, et al. Examining market trends in the United
States smokeless tobacco use: 2005-2011. Tob Control 2014; 23: 107-112.

Willemsen MC, Mons U, Fernandez E. Tobacco control in Europe: progress and key
challenges. Tob Control 2022; 31: 160—163.

Hiilamo H. Tobacco industry strategy to undermine tobacco control in Finland. Tob Control
2003; 12: 414—423.

Huxley RR, Woodward M. Cigarette smoking as a risk factor for coronary heart disease in
women compared with men: a systematic review and meta-analysis of prospective cohort
studies. Lancet 2011; 378: 1297—1305.

Ambrose JA, Barua RS. The pathophysiology of cigarette smoking and cardiovascular disease:
an update. J Am Coll Cardiol 2004; 43: 1731-1737.

Hajat C, Stein E, Ramstrom L, et al. The health impact of smokeless tobacco products: a
systematic review. Harm Reduct J 2021; 18: 123.

Stringhini S, Carmeli C, Jokela M, et al. Socioeconomic status and the 25 x 25 risk factors as
determinants of premature mortality: a multicohort study and meta-analysis of 1.7 million
men and women. The Lancet 2017; 389: 1229-1237.

Manijer J, Carlsson S, EImstahl S, et al. The Malmg Diet and Cancer Study: representativity,
cancer incidence and mortality in participants and non-participants. Eur J Cancer Prev 2001;
10: 489—-499.

Alfredsson L, Hammar N, Fransson E, et al. Job strain and major risk factors for coronary
heart disease among employed males and females in a Swedish study on work, lipids and
fibrinogen. Scand J Work Environ Health 2002; 28: 238—248.

75



147.

148.

149.

150.

151.

152.

153.

154,

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

Pedersen NL, Lichtenstein P, Svedberg P. The Swedish Twin Registry in the third millennium.
Twin Res 2002; 5: 427—432.

Carlsson F, Merlo J, Lindstrom M, et al. Representativity of a postal public health
questionnaire survey in Sweden, with special reference to ethnic differences in participation.
Scand J Public Health 2006; 34: 132—139.

Bellocco R, Jia C, Ye W, et al. Effects of physical activity, body mass index, waist-to-hip ratio
and waist circumference on total mortality risk in the Swedish National March Cohort. Eur J
Epidemiol 2010; 25: 777—788.

Svensson AC, Fredlund P, Laflamme L, et al. Cohort profile: The Stockholm Public Health
Cohort. Int J Epidemiol 2013; 42: 1263—-1272.

Johansson LA, Bjorkenstam C, Westerling R. Unexplained differences between hospital and
mortality data indicated mistakes in death certification: an investigation of 1,094 deaths in
Sweden during 1995. J Clin Epidemiol 2009; 62: 1202—1209.

Norberg M, Wall S, Boman K, et al. The Vasterbotten Intervention Programme: background,
design and implications. Global Health Action 2010; 3: 4643.

Statistics Sweden. . Longitudinal integrated database for health insurance and labour
market studies (LISA), https://www.scb.se/en/services/ordering-data-and-
statistics/ordering-microdata/vilka-mikrodata-finns/longitudinella-register/longitudinal-
integrated-database-for-health-insurance-and-labour-market-studies-lisa/ (accessed 29
September 2022).

The National Board of Health and Welfare. The National Patient Register,
https://www.socialstyrelsen.se/en/statistics-and-data/registers/national-patient-register/
(2022, accessed 29 September 2022).

Norberg M, Malmberg G, Ng N, et al. Use of moist smokeless tobacco (snus) and the risk of
development of alcohol dependence: a cohort study in a middle-aged population in Sweden.
Drug Alcohol Depend 2015; 149: 151—-157.

Norberg M, Blomstedt Y, Lonnberg G, et al. Community participation and sustainability —
evidence over 25 years in the Véasterbotten Intervention Programme. Glob Health Action 2012;
5:10.3402/gha.v5i0.19166.

Hammarstréom A, Janlert U. Cohort profile: the northern Swedish cohort. Int J Epidemiol
2012; 41: 1545—-1552.

Stegmayr B, Lundberg V, Asplund K. The events registration and survey procedures in the
Northern Sweden MONICA Project. Scand J Public Health Suppl 2003; 61: 9-17.

WHO MONICA Project. MONICA Manual, Part 111: Population Survey, Section 1: Population
Survey Data Component., http://www.ktl.fi/publications/monica/manual/part3/iii-1.htm
(1997, accessed 3 October 2022).

Ng N, Soéderman K, Norberg M, et al. Increasing physical activity, but persisting social gaps
among middle-aged people: trends in Northern Sweden from 1990 to 2007. Glob Health
Action 2011; 4: 6347.

Wennberg P, Gustafsson PE, Dunstan DW, et al. Television viewing and low leisure-time
physical activity in adolescence independently predict the metabolic syndrome in mid-
adulthood. Diabetes Care 2013; 36: 2090—2097.

Guttormsson U. [Self-reported alcohol habits in Sweden 2004-2019. CAN rapport 195].
Stockholm: Swedish Council for Information on Alcohol and Other Drugs, 2020.

Textor J, van der Zander B, Gilthorpe MK, et al. Robust causal inference using directed acyclic
graphs: the R package ‘dagitty’. Int J Epidemiol 2016; 45: 1887—1894.

Cox DR. Regression Models and Life-Tables. Journal of the Royal Statistical Society: Series B
(Methodological) 1972; 34: 187—202.

Peng C-YJ, Lee KL, Ingersoll GM. An Introduction to Logistic Regression Analysis and
Reporting. The Journal of Educational Research 2002; 96: 3—14.

VanderWeele TJ. Explanation in causal inference: developments in mediation and interaction.
Int J Epidemiol 2016; 45: 1904—1908.

76



167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

Wester P, Brunstrém M, Carlberg B. [Evidence based medicine (EBM) - critical review].
Internetmedicin.se,
https://www.internetmedicin.se/behandlingsoversikter/ovrigt/evidensbaserad-medicin-ebm-
kritisk-granskning/ (2022, accessed 8 September 2022).

Patino CM, Ferreira JC. Internal and external validity: can you apply research study results to
your patients? J Bras Pneumol 2018; 44: 183.

Carlson MDA, Morrison RS. Study design, precision, and validity in observational studies. J
Palliat Med 2009; 12: 77—82.

Post A, Gilljam H, Rosendahl I, et al. Validity of self reports in a cohort of Swedish adolescent
smokers and smokeless tobacco (snus) users. Tob Control 2005; 14: 114-117.

Husten CG. Smoking Cessation in Young Adults. Am J Public Health 2007; 97: 1354—1356.

Rodu B, Stegmayr B, Nasic S, et al. Evolving patterns of tobacco use in northern Sweden. J
Intern Med 2003; 253: 660—665.

Lundqvist G, Sandstrom H, Ohman A, et al. Patterns of tobacco use: a 10-year follow-up study
of smoking and snus habits in a middle-aged Swedish population. Scand J Public Health
20009; 37: 161-167.

Edvardsson I, Troein M, Ejlertsson G, et al. Snus user identity and addiction: a Swedish focus
group study on adolescents. BMC Public Health 2012; 12: 975.

The National Board of Health and Welfare. Statistics on Causes of Death 2020,
www.socialstyrelsen.se (20210610).

[Statistics on Causes of Death. History, production methods and reliability.]. The National
Board of Health and Welfare, https://www.socialstyrelsen.se/globalassets/sharepoint-
dokument/artikelkatalog/statistik/2010-4-33.pdf (2010, accessed 15 October 2022).

Galea S, Tracy M. Participation rates in epidemiologic studies. Ann Epidemiol 2007; 17: 643—
653.

Fedak KM, Bernal A, Capshaw ZA, et al. Applying the Bradford Hill criteria in the 21st
century: how data integration has changed causal inference in molecular epidemiology. Emerg
Themes Epidemiol 2015; 12: 14.

Hill AB. The Environment and Disease: Association or Causation? Proc R Soc Med 1965; 58:
295-300.

Benowitz NL. Cotinine as a biomarker of environmental tobacco smoke exposure. Epidemiol
Rev 1996; 18: 188—204.

Meltzer EO. Prevalence, economic, and medical impact of tobacco smoking. Ann Allergy 1994;
73: 381—-389; quiz 388—391.

McCulloch CE, Searle SR. Generalized, Linear, and Mixed Models. John Wiley & Sons, 2004.
Hanley JA, Negassa A, Edwardes MD deB., et al. Statistical Analysis of Correlated Data Using
Generalized Estimating Equations: An Orientation. American Journal of Epidemiology 2003;
157: 364—375.

Enderlein G. Cox, D. R.; Oakes, D.: Analysis of Survival Data. Chapman and Hall, London —
New York 1984, 201 S., £ 12,—. Biometrical Journal 1987; 29: 114—114.

Gompertz B. On the Nature of the Function Expressive of the Law of Human Mortality, and on
a New Mode of Determining the Value of Life Contingencies. Philosophical Transactions of
the Royal Society of London 1825; 115: 513—-583.

Fisher RA. Intraclass correlations and the analysis of variance. Statistical methods for
research workers. 5th edition. Edinburgh: Oliver and Boyd, 1934.

Barnett MJ, Doroudgar S, Khosraviani V, et al. Multiple comparisons: To compare or not to
compare, that is the question. Res Social Adm Pharm 2022; 18: 2331-2334.

Gupta S, Gupta R, Sinha DN, et al. Relationship between type of smokeless tobacco & risk of
cancer: A systematic review. Indian J Med Res 2018; 148: 56—76.

Benowitz NL, Jacob P, Yu L. Daily use of smokeless tobacco: systemic effects. Ann Intern Med
1989; 111: 112—-116.

7



190.

191,

192.

193.

194.

195.

196.

197.

198.

199.

200.

201

202.

203.

204.
205.

206.

207.

Zittermann A. Vitamin D and disease prevention with special reference to cardiovascular
disease. Prog Biophys Mol Biol 2006; 92: 39—-48.

Wintergerst ES, Maggini S, Hornig DH. Contribution of selected vitamins and trace elements
to immune function. Ann Nutr Metab 2007; 51: 301-323.

Lee DM, Tajar A, O'Neill TW, et al. Lower vitamin D levels are associated with depression
among community-dwelling European men. J Psychopharmacol 2011; 25: 1320-1328.

Marquina C, Mousa A, Scragg R, et al. Vitamin D and cardiometabolic disorders: a review of
current evidence, genetic determinants and pathomechanisms. Obes Rev 2019; 20: 262—277.

Kimblad A, Ollvik G, Lindh CH, et al. Decreased sperm counts in Swedish users of oral
tobacco. Andrology 2022; 10: 1181-1188.

Krsmanovic LZ, Mores N, Navarro CE, et al. Muscarinic regulation of intracellular signaling
and neurosecretion in gonadotropin-releasing hormone neurons. Endocrinology 1998; 139:
4037—-4043.

Vigen R, O’'Donnell CI, Bardn AE, et al. Association of Testosterone Therapy With Mortality,
Myocardial Infarction, and Stroke in Men With Low Testosterone Levels. JAMA 2013; 310:
1829-1836.

Hudson J, Cruickshank M, Quinton R, et al. Adverse cardiovascular events and mortality in
men during testosterone treatment: an individual patient and aggregate data meta-analysis.
Lancet Healthy Longev 2022; 3: e381—393.

Health effects of smokeless tobacco products. Scientific Committee on Emerging and Newly
Identified Health Risks SCENIHR.,
https://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_013.pdf.

Swedish Agency for Health Technology Assessment of Social Services. [Associations between
snus use, e-cigarettes and smoking - a systematic review],
https://www.sbu.se/pubreader/pdfview/display/44059?browserprint=1 (2020, accessed 21
July 2022).

Zakiyah N, Purwadi FV, Insani WN, et al. Effectiveness and Safety Profile of Alternative
Tobacco and Nicotine Products for Smoking Reduction and Cessation: A Systematic Review. J
Multidiscip Healthc 2021; 14: 1955—1975.

Carpenter MJ, Wahlquist AE, Burris JL, et al. Snus undermines quit attempts but not
abstinence: a randomised clinical trial among US smokers. Tob Control 2017; 26: 202—209.
Hamari AK, Toljamo TI, Kinnula VL, et al. Dual use of cigarettes and Swedish snuff (snus)
among young adults in Northern Finland. European Journal of Public Health 2013; 23: 768—
771

Haddock CK, Weg MV, DeBon M, et al. Evidence that smokeless tobacco use is a gateway for
smoking initiation in young adult males. Prev Med 2001; 32: 262—267.

Pershagen G. Smokeless tobacco. Br Med Bull 1996; 52: 50-57.

Melikian AA, Hoffmann D. Smokeless tobacco: a gateway to smoking or a way away from
smoking. Biomarkers 2009; 14 Suppl 1: 85—89.

Rosendahl Kl, Galanti MR, Gilljam H. Trajectories of smokeless tobacco use and of cigarette
smoking in a cohort of Swedish adolescents: differences and implications. Nicotine Tob Res
2008; 10: 1021-1027.

Post A, Gilljam H, Rosendahl I, et al. Symptoms of nicotine dependence in a cohort of Swedish
youths: a comparison between smokers, smokeless tobacco users and dual tobacco users.
Addiction 2010; 105: 740—746.

78



