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Abstract
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Previous investigations of snus use (oral moist snuff, a Swedish form of smokeless
tobacco) and cardiovascular disease have generally focused on atherosclerotic events such
as myocardial infarction and stroke, likely because smoking is such a well-established risk
factor for atherosclerotic disease. Smokeless administration of tobacco circumvents most of
the atherogenic effects of the combusted products from smoked tobacco, but it is possible that
the potent autonomic and hemodynamic effects of snus and nicotine per se are detrimental for
cardiovascular tissues.

The aim of this thesis was to investigate if snus is associated with development of heart failure
and the prognosis after myocardial infarction. We used data from Swedish cohort studies and the
national quality register for myocardial infarctions (SWEDEHEART), with linkages to national
registers.

Snus use was associated with a higher risk of heart failure in a dose-response manner. This
association was specific to non-ischemic heart failure, implying a direct myocardial effect, rather
than an atherogenic effect (papers I and II).

Acute, short-term or long-term outcomes following a myocardial infarction were not
consistently worse among snus users relative to snus non-users, although snus use was
associated with an increased risk of death after myocardial infarction among never-smokers
(paper III).

Discontinuation of snus use after a myocardial infarction was associated with an almost
halved mortality risk, similar to the benefit associated with smoking cessation (paper IV).

Although smoking was consistently stronger related to all adverse outcomes, and with
reservations due to the observational design, the findings from this thesis indicate that snus
should not be regarded as harmless. Snus use was associated with a higher risk of heart failure
and post-myocardial infarction mortality, which may have public health implications for the
risk assessment of snus, and potentially other modes of smokeless nicotine.
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”Prevention of disease must be the primary 
goal. Treatment should be regarded as locking 
the barn door after the horse is stolen” 

 
Eugene Braunwald 
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Abbreviations 

ACEI angiotensin converting enzyme inhibitor 
ARB angiotensin II receptor blocker 
AVB atrioventricular block 
BMI body mass index 
BP blood pressure 
CABG coronary artery bypass grafting 
CCS Canadian Cardiovascular Society 
CDR the Cause of Death Register 
CI confidence interval 
CPR cardiopulmonary resuscitation 
CWC the Construction Workers Cohort 
cTnT/I cardiac troponine T/I 
CVD cardiovascular disease 
DAG directed acyclic graph 
ECs electronic cigarettes 
ECG electrocardiogram 
hs-cTnT/I high sensitive cardiac troponine T/I 
HDL high density lipoprotein 
HR hazard ratio 
ICD International classification of diseases 
IPD individual participant data 
IHF ischemic heart failure 
IR incidence rate (per 1000 PYAR) 
LBBB left bundle branch block 
LDL low density lipoprotein 
LVEF left ventricular ejection fraction 
LVH left ventricular hypertrophy 
MI myocardial infarction 
NPR the National Patient Register 
NRT nicotine replacement therapy 
NSTEMI non-ST-elevation myocardial infarction 
NYHA New York Heart Association 
PCI percutaneous coronary intervention 
PY pack year 
PYAR person-years-at-risk 
RAAS renin-angiotensin-aldosteron system 



 

SD standard deviation 
SES socio-economic status 
STEMI ST-elevation myocardial infarction 
SWEDEHEART Swedish Web-system for Enhancement and Develop-

ment of Evidence-based care in Heart disease Evalu-
ated According to Recommended Therapies 

TPR the Total Population Register 
ULSAM the Uppsala Longitudinal Study of Adult Men 
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Introduction 

Worldwide, tobacco accounts for around six million deaths every year and 
these numbers are expected to increase to eight million by 2030.1 Tobacco 
use increases the risk for cardiovascular disease, cancer, chronic respiratory 
disease, diabetes and premature death.1 However, the availability of data on 
smokeless forms of tobacco and their health effects is insufficient. Further 
studies are needed on smokeless tobacco, as well as on other novel and 
emerging tobacco products. 

Globally today, cardiovascular disease is the major cause of morbidity and 
mortality.2 Previous investigations of smokeless tobacco use and cardiovas-
cular effects have generally focused on atherosclerotic events such as myo-
cardial infarction and stroke, likely because smoking is such a well-
established risk factor for atherosclerotic disease. Smokeless administration 
of tobacco may indeed circumvent most of the atherogenic effects of com-
bustible products from smoked tobacco, but it is possible that the potent 
autonomic and hemodynamic effects of nicotine per se are detrimental for 
cardiovascular tissues.  

The main focus of this thesis is to investigate whether these effects can be of 
relevance for the development of heart failure and the prognosis after a myo-
cardial infarction. Due to a high prevalence of snus use (Swedish form of 
smokeless tobacco), and a remarkably strong and validated health register 
infrastructure, Sweden holds unique possibilities for studying the health 
effects of snus use, with possible implications also for other forms of smoke-
less tobacco products. 
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Background 

Smokeless Tobacco 
Whereas cigarette smoking is pandemic, the use of smokeless tobacco is 
more endemic, restricted to various populations or countries. Globally, there 
exists a wide range of different smokeless tobacco products, commercial as 
well as homemade. For example, oral moist snuff is used in Sweden and the 
United States, chewing tobacco in the United States, chimo in Venezuela, 
pan masala (betel quid) in India and toombak in Sudan. The diversity of 
products also involves differences in manufacturing, composition and con-
tent of nicotine, as well as of other potential harmful substances, which re-
stricts general statements for all types of smokeless tobacco regarding health 
effects. It is important to acknowledge these differences, although the effects 
of nicotine, one of the main active ingredients in tobacco, are consistent re-
gardless of origin. 

Snus - Swedish oral moist snuff 
Historical perspective 
Spanish and Portuguese seamen who brought home tobacco plants from the 
West Indies at the beginning of the 16th century introduced the use of tobac-
co in Europe. 

Jean Nicot, the French ambassador in Lisbon, Portugal brought the tobacco 
plant to Paris and introduced the use of ground tobacco (at this time dry and 
inhaled in the nose) to the French court, initially as a remedy for headache. 
The following growth in popularity made Nicot so associated with tobacco 
that Carl von Linné named the tobacco plant after him (Nicotiana Tabacum). 
Indeed, the French royals had a major influence on the habits in the rest of 
Europe, and in the 17th and the 18th century, snus gained widespread use also 
among the Swedish aristocracy.  

The way to use snus like today, as a pinch under the upper lip, originates 
from about 200 years ago, when an increasing number of Swedish farmers 
began to grow tobacco, preparing their own special brands of snus. In 1914, 
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the Swedish government founded The Swedish Tobacco Monopoly, in order 
to raise funds for the first pension reform and for military defence. From the 
time of World War II, the use of snus decreased on behalf of the increasingly 
popular cigarettes. Not until reports about the health hazards of cigarettes 
started to appear around the sixties and seventies, the use of snus started to 
regain some of its former popularity. 

The use of snus increased markedly in Sweden during the last decades of the 
20th century. Today, it is estimated that about 20% of men and 4% of 
women aged 16-84 in Sweden are daily users.3 Currently, the use of snus is 
prohibited in the rest of the European Union (EU), although import of snus 
for individual use is quite common in all Scandinavian countries. In Norway 
(outside the EU), the import of Swedish snus has tripled over the past five 
years, according to a report from the Norwegian Institute of Public Health.4 
In addition, the Norwegians also has their own type of snus, (“Skrå”) which 
differs slightly in terms of ingredients and the manufacturing process. 

Product characteristics 
Snus consists of finely ground moist tobacco to which is added alkalizing 
salt as well as aromatic and moisture-preserving substances. The nicotine 
content in snus products varies but is typically about one percent of its 
weight. The pH target value is about 8.5. Among the more than 2,000 differ-
ent components of snus, several are documented to be carcinogenic, in par-
ticular tobacco-specific nitrosamines and polycyclic aromatic hydrocarbons. 
The manufacturing of Swedish snus nowadays includes a pasteurization 
process, which produces a relatively sterile product with lower levels of car-
cinogenic nitrosamines than previously when snus was being fermented.5 
 

 
Figure 1. Loose snus and portion snus (“pouches”). 

Snus comes in two main formulations, loose snus or portion snus (portions 
of tobacco sealed in small sachets termed “pouches”, with an appearance 
similar to tiny tea bags), as presented in Figure 1. The loose form was the 
traditional way using snus, but ever since the introduction of the portion snus 
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in the seventies, a gradual switch towards more use of pouches has occurred 
(now the dominating form).  

Snus is used under the upper lip, in contrast to the American moist snuff, 
which is placed under the lower lip. A regular daily snus user consumes 
about 12 doses a day, rendering an exposure time of more than 12 hours a 
day.6 One dose is equivalent to approximately one gram, for the standard 
version of portion snus. 

User characteristics 
The stereotype of a snus user is a rural male between 25 and 34 years,3,7 
although the use of snus has increased relatively more among women than 
men, over the past two decades.3,8 Some unfavourable lifestyle 
characteristics are associated with snus use, including current and former 
smoking, risky alcohol consumption, binge drinking and low consumption of 
fruit and vegetables.7,9 Low levels of education, income and occupational 
class are also associated with snus use, whereas physical inactivity seem not 
to be.9,10 On the contrary, snus use has historically been strongly associated 
with male dominated sports in Scandinavia, particularly in organized team 
sports such as ice hockey.11-13 

Nicotine 
Nicotine is a naturally occurring liquid alkaloid and one of the main active 
ingredients in tobacco. Nicotine, which is a nicotinic acetylcholine receptor 
agonist, stimulates the production and release of many neurotransmitters and 
hormones.14 One of the most prominent neurotransmitters is dopamine, im-
portant for the brain's pleasure centre and essential for the arousal effect and 
addictive potential.15 Nicotine also activates the sympathetic nervous system, 
acting via splanchnic nerves to the adrenal medulla, stimulating the release 
of adrenaline.16 
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Figure 2. Executives from the seven largest U. S. tobacco companies stating under 
oath on April 14, 1994, that nicotine is not an addictive substance. Photo by permis-
sion: John Duricka/AP/TT. 

The amount of nicotine absorbed by an individual is determined by several 
different but interacting factors, such as nicotine content, pH values, mois-
ture levels, particle size and physical form.17 The consumer’s oral behaviour 
also affects how much nicotine is absorbed. Of the total nicotine content in 
snus, it is the “free” unbound nicotine that is most easily absorbed by the 
oral mucous membranes. The pH value of the snus indicates the proportion 
of free nicotine versus bound (protonated) nicotine. The proportion of free 
nicotine tends to increase as pH rises.5 

Overall, the exposure to and blood level of nicotine in a regular snus user are 
similar to those of a regular cigarette smoker, although the nicotine absorp-
tion from snus is somewhat prolonged and slower than for smoking. 18,19 

Harm reduction 
The incidence of tobacco use among males in Sweden is similar to that in 
most other European countries, but smoking rates are relatively low, as many 
men prefer to use snus. Swedish men have the lowest percentage of male 
deaths related to tobacco of all developed countries. This is purportedly due 
to snus being a less harmful alternative to cigarettes.20  
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As opposed to harm elimination, the concept of harm reduction is to substi-
tute a more dangerous product (cigarettes) with a less dangerous one 
(smokeless tobacco), with the aim of reducing total tobacco-related mortality 
and morbidity.21-23 The smokeless tobacco industry partly promotes their 
products by referring to these relative health benefits, but some critics argue 
that no form of tobacco should ever be promoted, as it distracts from the 
overall goal of tobacco elimination.21 In addition, Sweden’s experience may 
be specific to that culture and is perhaps not transferable to other settings. 
Furthermore, it is still not entirely clear whether snus plays a role as a 
“gateway” to the use of cigarettes or more harmful substances.21,24   

Cardiovascular disease 
Cardiovascular disease (CVD) is a general term for health conditions affect-
ing the heart or blood vessels. Most commonly, it is associated with a build-
up of fatty deposits inside the arteries where inflammation plays a major role 
(atherosclerosis).25 Atherosclerotic plaques cause the arteries to harden and 
narrow, restricting the blood flow and oxygen supply to vital organs. If a 
plaque ruptures, it can lead to a formation of a blood clot that could poten-
tially block the blood flow to the heart or brain, causing a myocardial infarc-
tion (MI) or a stroke.26 

Risk factors for CVD were not formally established until the initial findings 
of the Framingham Heart Study in the early 1960s.27 The understanding of 
such factors is critical to the prevention of cardiovascular morbidities and 
mortality. Although age, genetics, hypertension, hyperlipidaemia, diabetes, 
obesity and physical inactivity are important, smoking is often described as 
the major preventable risk factor for CVD.28-30 Smoking impacts all phases 
of atherosclerosis from endothelial dysfunction to acute clinical events and 
smokers have been estimated to have an almost threefold increase in the 
probability of suffering an MI.28 The exact mechanisms of smoking-related 
cardiovascular dysfunction are not entirely clear, but involves inflammation, 
thrombosis, smooth muscle proliferation, and oxidation of low-density lipo-
protein cholesterol.31 The atherogenic effects of smoking are primarily due 
to combusted products from smoked tobacco, but nicotine per se may pro-
mote different effects on cardiovascular outcomes, related mainly to its au-
tonomic and hemodynamic effects on the cardiovascular system and myo-
cardium. 

Heart Failure 
Heart failure is a clinical syndrome contributing to great cardiac morbidity 
and mortality and accounts for 1-2 % of total health care costs in industrial-
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ized countries.32 It is defined by typical symptoms (e.g. breathlessness, ankle 
swelling and fatigue) that may be accompanied by signs (e.g. elevated jugu-
lar venous pressure, pulmonary crackles and peripheral oedema) in combina-
tion with objective findings of a structural and/or functional cardiac abnor-
mality, resulting in a reduced cardiac output and/or elevated intracardiac 
filling pressures at rest or during stress.33 

Demonstration of an underlying cardiac cause is central to the diagnosis of 
heart failure. This is usually a myocardial abnormality causing systolic 
and/or diastolic ventricular dysfunction. The two leading causes of heart 
failure are often attributed to coronary heart disease (ischemic origin, typi-
cally leading to systolic ventricular dysfunction) and hypertension (typically 
leading to diastolic ventricular dysfunction).34 Identification of the underly-
ing cardiac problem is essential for therapeutic reasons, as it determines the 
specific treatment used. Smoking is an established risk factor for heart fail-
ure.35-38 

Prognosis after myocardial infarction 
Management of patients suffering an MI includes both acute treatment and 
secondary prevention.39,40 The goal of acute treatment is to relieve symp-
toms, stabilize the patient and to minimize further myocardial damage. Im-
portant parts involve antithrombotic therapy and invasive treatment either 
with PCI or CABG. Equally important is the secondary preventive part of 
treatment where the aim is to avoid recurrent events and to improve long-
term prognosis. Preventive medications such as platelet inhibitors, beta-
blockers, ACE-inhibitors and statins are all part of standardized evidence-
based medicine to reduce morbidity and mortality after an MI, but there are 
data suggesting that behavioural modification should be given similar priori-
ty post-MI.41 Adherence to behavioural advice including diet and exercise 
has been associated with a substantially lower risk of recurrent cardiovascu-
lar events,41 and smoking cessation remain the cornerstone of cardiac reha-
bilitation programmes by reducing the risk of death by one third.42 In a high-
risk cohort of post-MI patients, smoking cessation was also accompanied by 
a marked reduction in arrhythmic death and overall mortality.43  

Snus and health effects 
Although the effects of snus have not been as thoroughly studied as those of 
smoking, overall snus-related adverse health effects are certainly lower than 
those associated with smoking.44 Still, indications of slightly elevated mor-
tality rates among snus users suggest that snus is not without harm.45-47 There 
still remain important gaps in our knowledge. 
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Atherosclerosis-related effects 
Myocardial infarction 
Apart from one exception based primarily on tobacco chewers,28 no increase 
in risk of MI incidence has been observed.48-55 The risk of MI mortality has 
been elevated in some studies,47,54 suggesting an increased case fatality rate, 
with a 28% increased risk in a 2012 pooled meta-analysis56 and a 37% in-
creased risk in a very recent meta-analysis.57 The snus-attributable fraction 
of fatal MI has been estimated to be 5% for the European region.57 

Stroke 
A pooled analysis including over 130,000 never-smoking men suggested no 
increased risk of either incident stroke overall, or haemorrhagic or ischemic 
stroke specifically. Case fatality seemed to be increased amongst snus users, 
but speculations about confounding due to socio-economic differences were 
proposed.58 

This finding was in agreement with previous reports of no association be-
tween use of snus and incident stroke.49,50,53,59-61 

Cardiovascular surrogate markers 
No connections between smokeless tobacco use and ultrasonographic 
measures of atherosclerosis62,63 or fibrinolytic variables64 have been ob-
served. 

Arrhythmias 
Apart from one study concluding that snus use is unlikely to confer any sig-
nificant increase in risk for atrial fibrillation,65 there are no longitudinal stud-
ies investigating associations of snus use with arrhythmias. On the contrary, 
there are several experimental studies evaluating nicotine effects that have 
shown potent autonomic effects and indices of proarrhythmia, of both benign 
and malignant type.66-69 

Hemodynamic effects 
Acute effects 
The acute effects of smokeless tobacco include elevated epinephrine 
levels,70,71 impaired endothelial function,72,73 diastolic heart dysfunction74 
and increased blood pressure and heart rate.70-72,74-76 

Hypertension 
There is conflicting evidence regarding smokeless tobacco as a cause of 
sustained hypertension. One longitudinal study found elevated risks for inci-
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dent hypertension77 and another study found higher diastolic blood pressure 
(using 24h-ambulatory measurements)78 among snus users. Other studies 
have failed to show such associations,64,79 and a systematic review concluded 
that no support for increased blood pressure at rest was found among snus 
users,80 but no meta-analysis was performed in this study. 

Left ventricular function 
Two ultrasonography studies have evaluated systolic and diastolic function 
in snus users. Intake of snus among healthy volunteers caused a decrease in 
E/A ratio and a delay in ventricular relaxation, both signs of diastolic heart 
dysfunction.74 In a small sample of otherwise healthy middle-aged long-term 
snus users, most systolic and diastolic cardiac parameters were not chroni-
cally altered, relative to age-matched non-users, although a slight increase in 
deceleration time was noticed, which can be an early sign of diastolic dys-
function.81 

Miscellaneous 
Metabolic effects 
High doses of nicotine may contribute to a sympathetic response that, in 
theory, could increase the risk for insulin resistance. As to whether snus in-
creases the risk for diabetes, there are limited and conflicting data. Among 
the few conducted studies, some have indicated a higher risk for diabetes (in 
particular among high-quantity consumers),82 while others have not been 
able to show an elevated risk.83,84 A large pooled analysis, including 54,531 
never-smoking men, recently indicated that high consumption of snus is a 
risk factor for type 2 diabetes.85 In another longitudinal study, development 
of a metabolic syndrome was also associated with high-dose consumption of 
snus at baseline.79  

Cancer 
A review and meta-analysis (including an updated version) concluded that 
snus does not appear to be associated with cancer of the oropharynx, oe-
sophagus, stomach, colorectum, pancreas or lungs.61,86 

Dental 
No clear associations with periodontitis or dental caries, have been 
shown.87,88 

Neurology 
Results have indicated an inverse relationship between snus use and Parkin-
son's disease,89 as well as for multiple sclerosis.90 
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Pregnancy related outcomes  
There are data linking snus use to various pregnancy-related adverse events 
such as low birth weight, premature birth, stillbirth, preeclampsia, oral cleft 
malformation and neonatal apnoea.91-97 
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Aims of the present study 

Based on autonomic and hemodynamic effects of smokeless tobacco and 
nicotine, we hypothesized that snus (Swedish form of smokeless tobacco) 
increases the risk for heart failure and post-MI complications. 

Specifically, the main aims of this research programme were to investigate 
whether: 

 
• Snus use is associated with heart failure, in particular those instances of 

heart failure not preceded by a myocardial infarction (papers I and II). 
 
• Snus use is associated with worse outcome after a myocardial infarction 

(paper III). 
 
• Discontinuation of snus use after a myocardial infarction is associated 

with better survival (paper IV). 
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Methods 

National registers 
The Swedish Tax Agency is responsible for the national civil registration 
and assignment of a unique personal identification number (PIN) to all resi-
dents in Sweden. The Swedish PIN is an essential tool for linkages between 
registers and allows for virtually 100% coverage of the Swedish health care 
system.98 In this thesis, participant data have been linked to the following 
national registers: 

The Total Population Register (TPR) 
Since 1969, TPR has been the foundation for all official statistics on the 
Swedish population. It is maintained by Statistics Sweden and updated on a 
daily basis with population information from The Swedish Tax Agency.99 It 
includes variables such as name, personal identity number, place of birth, 
civil status, spouse, children and immigration data. Virtually 100% of births 
and deaths, 95% of immigrations and 91% of emigrations are reported to the 
Population Registers within 30 days and with a higher proportion over time. 

The National Patient Register (NPR) 
The NPR (also known as the Swedish Hospital Discharge Register) contains 
data on primary and secondary diagnoses for all hospitalizations in Sweden 
with full national coverage since 1987.100 The register is updated yearly and 
the validity of diagnoses is generally high (positive predictive value 85-
95%). The international classification code for diseases (ICD) is used for 
classification of the diagnoses. 

The Cause of Death Register (CDR)  
The CDR is a high quality virtually complete register of all deaths in Sweden 
since 1952, and includes information on specific causes of death obtained 
from death certificates, as defined by physicians.101 The register contains 
underlying cause of death, nature of the injury, multiple causes of death, date 
of death, basis for statement of cause of death, hometown, sex and age. ICD 
is used for classification of the diagnoses. 
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Study design 
This thesis is based on data from Swedish observational cohort studies and 
the Swedish national quality register for myocardial infarctions, SWEDE-
HEART, with linkages to national registers. Different study samples have 
been used in all four papers. A summary of papers I-IV is presented in Table 
1. 

Table 1. Overview of design and methods in papers I-IV. 
 Paper I Paper II Paper III Paper IV 
Design Cohort study Cohort study  

(pooled data) 
Cohort study Cohort study 

Population Population-based men 
Never-smoking  
construction workers 

See Table 2 After MI Two months after MI 

Inclusion years 1991-1995 
1978-1993 

1978-2013 2009-2014 2005-2009 

Primary sample 
size 

N=1,221 
N=118,412 

N=350,711 N=60,362 N=2,474 

Data collection ULSAM 
CWC 
TPR 
NPR 

Snus Collab 
TPR 
NPR 

SWEDEHEART 
TPR 
NPR 
CDR 

SWEDEHEART 
TPR 
NPR 
CDR 

Exposure Current snus use vs. 
Non-current snus use 

Current snus use 
vs. Non-current 
snus use 

Current snus use 
vs. Non-current 
snus use 

Post-MI snus quitting 
vs. Post-MI continued 
snus use 

Main outcome 
measures 

Heart failure  Heart failure  
 

Large MI  
Death+HF  

All-cause mortality 

Statistics Cox regression Cox regression 
(shared frailty) 

Logistic and 
Cox regression 

Cox regression 

Large MI, maximum troponin levels with cut off values: hs-cTnT > 10,000 ng/L, cTnT > 10 
µg/L or cTnI > 10 µg/L. Death+HF, a composite of all-cause mortality and heart failure. 

Study population and data collection 
Paper I 
ULSAM: In 1970-73, all men born in 1920-24 and resident in the county of 
Uppsala were invited to a health survey (at age 50) aimed at identifying risk 
factors for cardiovascular disease (the Uppsala Longitudinal Study of Adult 
Men, ULSAM). Eighty-two percent of the invited men participated 
(n=2,322). The design and selection criteria for the cohort have been de-
scribed previously.102,103 At a re-examination of the cohort in 1991-95 (at age 
70), 73% of invited men participated (n=1,221). At this re-examination, in-
formation on smokeless tobacco use was collected using a questionnaire 
including the questions “Do you use snus?” and “How many tins of snus do 
you consume a week?” A large number of investigations was also per-
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formed, as described in previous reports103,104 and on the ULSAM study’s 
website (www.pubcare.uu.se/ULSAM). We excluded participants hospital-
ized for heart failure before baseline (n=14), and those for whom we lacked 
information about smokeless tobacco use (n=131), rendering a sample of 
1,076 individuals for the present study. In a secondary analysis, we excluded 
individuals who had suffered a myocardial infarction before baseline (n=81), 
leaving 995 persons in this sub-sample. The exposure was defined as current 
snus use vs. non-current snus use as reference. 

 
CWC: Preventive health check-ups were offered to all employees (blue col-
lar and white collar) in the Swedish construction industry between 1969 and 
1993. About 75% of the employees participated and entered the Construction 
Workers Cohort (CWC). The design and selection criteria for the cohort 
have been described previously.54,77 Information about approximately 200 
items, including medical history, working environment, smoking (from 
1971) and snus use history (from 1978) was collected. In all, 300,637 indi-
viduals had a health check-up between 1978 and 1993. Analyses were re-
stricted to never-smokers rendering a final sample of 118,425 never-smoking 
men, of which 34,700 were ever snus-users. In a secondary analysis, we 
excluded workers with a myocardial infarction prior to entry (n=310), leav-
ing 118,115 persons in this sub-sample. The exposure was defined as never-
smoking current snus use vs. never-tobacco use as reference. 

Paper II 
The Swedish Collaboration on Health Effects of Snus Use is a national pro-
ject, where data from several Swedish prospective studies with information 
on snus use and smoking, is being pooled. Periods of recruitment range from 
1978 to present.  

The following inclusion criteria apply for participating studies:   
• Prospective design 
• Enrolment of Swedish males (and hence prospects for exposure to Swe-

dish snus)  
• Reasonable size 
• Availability of relevant exposure information including current use of 

snus, current and past smoking, and other key risk factors for cardiovas-
cular diseases. 

Eight cohorts agreed to participate in the proposed study (n= 350,711). An 
overview of the included cohorts is presented in Table 2 and further details 
about the included studies have previously been reported.56 The exposure 
was defined as current snus use vs. non-current snus use as reference. 
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Paper III 
We retrieved data from SCAAR (the Swedish Coronary Angiography and 
Angioplasty Registry) for all patients who underwent coronary angiography 
in Sweden due to MI between December 2009 and December 2014 (n= 
68,613). Data available in SCAAR was supplemented by information from 
RIKS-HIA (the Register for Information and Knowledge about Swedish 
Heart Intensive Care Admissions) from the same hospitalization. Both data-
bases are part of SWEDEHEART, a nationwide registry with excellent cov-
erage of MIs in the Swedish population (~ 90%).105 The SCAAR registration 
day (the day for coronary angiography) was used as the baseline. We ex-
cluded patients that lacked information on smoked and/or smokeless tobacco 
use (n=8,251), rendering an eligible total sample of 60,362 individuals. All 
data were registered web-based by the caregivers (physicians and nurses) 
during acute care. The SWEDEHEART registry is regularly monitored with 
more than 95% agreement to electronic health records; further details about 
the registry and validity have previously been described.106 The exposure 
was defined as current snus use vs. non-current snus use as reference. 

Paper IV  
We included patients in the SWEDEHEART databases RIKS-HIA and SE-
PHIA, for this study. Patients with myocardial infarction who were admitted 
to a coronary care unit in Sweden between 2005 and 2009 were initially rec-
orded in RIKS-HIA. At the time of the study, 73 out of 74 hospitals in Swe-
den contributed to the database, where about 100 variables are continuously 
recorded. In the secondary prevention database SEPHIA, patients under the 
age of 75 were systematically followed up two months post-discharge. At 
the time of the study, 62 out of 73 Swedish hospitals engaged in RIKS-HIA 
also participated in SEPHIA. The SEPHIA two-month examination was used 
as the baseline. We excluded participants that lacked information on smoked 
and/or smokeless tobacco use (n=1,963), rendering an eligible total sample 
of 20,911 individuals. For individuals who had more than one myocardial 
infarction during these years, baseline data was updated at all subsequent 
two months post-discharge visits, rendering a total number of observations 
of 21,210. Our primary study sample was restricted to all subjects who were 
using snus at the time of the myocardial infarction and were examined two 
months post-discharge (n=2,474). A secondary study sample was used to 
investigate mortality risk in subjects who were smoking at the time of the 
myocardial infarction, for comparison with the main analysis (n=6,934). The 
exposure was defined as post-MI snus quitting (participants that stopped 
using snus at the time of their MI), vs. post-MI snus use (participants that 
continued to use snus after their MI) as reference. 
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Definition of outcomes 
Main outcomes used in the present research programme were: 
 
• First hospitalization for heart failure (papers I and II); validated through 

chart review107 in ULSAM (paper I), using the diagnostic definition pro-
posed by the European Society of Cardiology.108 Based on the experi-
ence from the chart review, only cases with heart failure as the main rea-
son for hospitalization were considered in all other studies (using the 
codes ICD-7 434.1, 434.2, 440.99, 441.99; ICD-8 427.00, 427.10, 
428.99; ICD-9 428; ICD-10 I50, I11.0). The validity of this outcome 
was 95%.107 

• Death+HF (paper III); a composite of all-cause mortality and first hospi-
talization for heart failure. Mortality information was available from 
TPR and heart failure was defined as above. All-cause mortality is based 
on the date of death and is essentially unambiguous. 

• Large MI (paper III); presence of high maximum troponin levels using 
the following cut off values; hs-cTnT of  > 10,000 ng/L, cTnT > 10 µg/L 
or cTnI > 10 µg/L, according to a previously proposed definition.109 

• All-cause mortality (paper IV). 

Secondary outcomes in the present research programme were: 
 

• First hospitalization for non-ischemic heart failure (papers I and II); for 
the analyses of this outcome, participants who had sustained an MI 
(ICD-7 420.10, 420.17; ICD-8 410; ICD-9 410; ICD-10 I21-22) before 
baseline were excluded, and those who suffered an MI during follow-up 
were censored at time of this event. 

• First hospitalization for ischemic heart failure (paper II); only heart fail-
ure cases with a prior event of MI (before baseline or during follow-up), 
were counted. 

• All-cause mortality (paper III). 
• MACE (Major adverse cardiovascular events, paper IV); a composite of 

repeat MI (ICD-10 code I21-23), stroke (ICD-10 code I60-64) or heart 
failure (ICD-10 code I50) and cardiovascular mortality (ICD-10 codes 
I00-99). 

• Cardiovascular mortality (paper IV). 
• Non-cardiovascular mortality (paper IV). 

Statistical analyses 
The statistical handling of data was both descriptive (means, proportions, 
rates) and analytical (univariable and multivariable regression models). Data 
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analysis for papers I, II and IV was conducted by using updated versions of 
the statistical software package Stata (StataCorp, College Station, USA). In 
paper III, a separate statistician familiar with SWEDEHEART performed 
data management and analyses, using R version 3.4.2 (2017, URL: r-
project.org). Two-tailed tests were performed with P<0.05 regarded as statis-
tically significant. Care was taken to follow pre-specified analysis plans.  

Regression models 
For longitudinal studies relating snus use to clinical outcomes, Cox propor-
tional hazards models have been used, adjusting for relevant confounding 
variables. The underlying assumption of this regression model is proportion-
al hazards; i.e. the ratio between the rates of the exposed and the unexposed 
is constant during follow up. This assumption was checked graphically by 
inspecting cumulative incidence plots and by using Schoenfeld´s test. Re-
sults were reported as hazard ratios (HRs) with 95% confidence intervals 
(CIs). In study III, logistic regression was used for binary outcomes (report-
ing odds ratios with 95% CIs), and in paper II pooled individual participant 
data were meta-analysed using Cox models with shared frailty at the cohort 
level. Standard procedures for pooled data analyses were implemented.110 

Directed acyclic graphs (DAG) 
Traditionally, researchers have used a priori knowledge, intuition, pretesting 
and other various approaches to decide which covariates to adjust for in their 
statistical models, which may introduce bias.111 To minimize potential bias, 
covariates to be controlled for were a priori identified by drawing a causal 
diagram (DAG), using a free online software (URL: dagitty.net).112 

Missing data 
Missing data was imputed in datasets using multiple imputation with chained 
equations.113 The first step was to create multiple copies of the dataset (m=5-
10) with missing values replaced by imputed values. The imputations origi-
nate from the predicted distributions and accounts for the variability of the 
dataset. All complete imputed datasets were then analysed and the results 
pooled and consolidated into one result, using the methods outlined in Rubin 
and Meng.114 Imputations were carried out within, but not between, cohorts 
in study II. The variable educational level was completely missing in the 
largest cohort (CWC); therefore a case of single imputation was performed. 
We assumed a homogenous level of education among construction workers, 
and classified all CWC participants as having upper secondary schooling, 
equivalent of 10 to 12 years of education. We chose this approach to over-
come the alternative potential biases introduced by reducing the sample size 
by two thirds or failing to adjust for education. 
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Meta-analysis 
In paper II, an individual participant data (IPD) meta-analysis was per-
formed. This refers to when participant-level data are obtained from multiple 
studies and then synthesized.115 IPD meta-analyses use either a one-step or a 
two-step approach,116 and allow more powerful and uniformly consistent 
analyses as well as better characterization of subgroups and outcomes, com-
pared to those which are based on aggregate data.117 In the two-step ap-
proach, the IPD are first analysed separately in each study. These are then 
synthesized in the second step using a suitable model for meta-analysis of 
aggregate data, while assuming fixed or random effects across studies. In the 
one-step approach, the IPD from all studies are modelled simultaneously. 

We performed a one-step IPD meta-analysis, using Cox models and address-
ing potential clustering of patients within studies by introducing into the 
hazard rate, an additional parameter that accounted for the frailties (these 
frailties may be group-specific thus giving rise to the nomenclature “shared 
frailty” models). Heterogeneity of the main results between participating 
cohorts was also assessed using I2 in a two-step inverse probability-weighted 
meta-analysis, in overall analyses and in subgroups defined by smoking sta-
tus.118 The I2 statistic, also called the index of heterogeneity, is obtained as 
the sum of the squared deviations of each study’s estimate from the overall 
estimate, weighted by the study’s impact on the calculation of the overall 
estimate. The I2 statistic measures the percentage of total variation in study 
results that is due to heterogeneity (as opposed to random variation).  

Ethical considerations 
Participants in paper I and II gave informed consent and the studies, in ac-
cordance to the Declaration of Helsinki, were approved by the Regional Eth-
ics Committees of Uppsala and Umeå Universities (Dnr 97329, paper I) and 
Stockholm University (Dnr 2009/971, paper II). All patients in SWEDE-
HEART (papers III and IV) were also informed about their participation in 
the registry and the follow-up and had the right to refuse participation (opt-
out). The registry and the merging of registries were approved by the Nation-
al Board of Health and Welfare, the Swedish Data Inspection Board, and the 
Regional Ethical Review Board in Uppsala (Dnr 2015/241, paper III and Dnr 
2006/052, paper IV). 
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Results 

Risk of heart failure (paper I) 

ULSAM 
During a median follow-up time of 8.9 years, 95 of the 1,076 men experi-
enced a first hospitalization for heart failure. The baseline characteristics are 
presented in Table 3, and the cumulative incidence by snus use status is 
presented in Figure 3. The median snus consumption among the users was 
one can/week (range 0.5-7 cans/week). 

Table 3. Baseline Characteristics of Participants in the Uppsala Longitudinal Study 
of Adult Men. 
Variable Total sample 

(n=1,076) 
Snus users 
(n=78) 

Snus non-users 
(n=998) 

Age (years) 71.0 (0.6) 71.0 (0.6) 71.0 (0.6) 
Current smoking dose     

Non-smokers 839 (78.0) 16 (20.5) 823 (82.5) 
Moderate (≤10 cig/day) 167 (15.5) 56 (71.8) 111 (11.1) 
Heavy (>10 cig/day). 70 (6.5) 6 (7.7) 64 (6.4) 

Pack-years of smoking     
Never-smokers 335 (31.3) 5 (6.4) 330 (33.1) 
Low exposure (<33 PY) 371 (34.5) 30 (38.5) 341 (34.2) 
High exposure (≥33 PY) 370 (34.4) 43 (55.1) 327 (32.8) 

Diabetes prevalence  188 (17.5) 17 (21.8) 171 (17.1) 
ECG-LVH 79 (7.9) 7 (9.6) 72 (7.8) 
BMI (kg/m2)  26.2 (3.3) 26.9 (3.6) 26.2 (3.3) 
Office systolic BP (mmHg) 146.8 (18.6) 146.4 (19.2) 146.8 (18.6) 
Antihypertensive medication use  372 (34.6) 23 (29.5) 349 (35.0) 
Diurnal BP     

24-h systolic BP (mmHg) 132.8 (15.5) 135.2 (14.7) 132.7 (15.6) 
24-h diastolic BP (mmHg) 75.1 (7.7) 75.0 (7.0) 75.1 (7.7) 
Daytime systolic BP (mmHg) 140.1 (16.2) 140.9 (15.2) 140.0 (16.2) 
Daytime diastolic BP (mmHg) 79.6 (8.6) 78.8 (8.0) 79.7 (8.6) 

Diurnal heart rates     
24-h HR (beats/min) 69.3 (10.1) 71.1 (9.1) 69.2 (10.2) 
Daytime HR (beats/min) 71.5 (10.7) 73.1 (9.7) 71.3 (10.7) 

Occupational classification    
High 190 (17.7) 3 (3.9) 187 (18.8) 
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Middle 412 (38.4) 21 (26.9) 391 (39.3) 
Low 472 (44.0) 54 (69.2) 418 (42.0) 

Alcohol use     
Teetotallers 196 (19.9) 16 (22.9) 180 (19.7) 
Moderate (<15 units/week) 750 (76.1) 48 (68.6) 702 (76.6) 
Heavy (>=15 units/week) 40 (4.1) 6 (8.8) 32 (3.8) 

MI before baseline 81 (7.5) 2 (2.6) 79 (7.9) 
MI during follow-up  74 (6.9) 8 (10.3) 66 (6.6) 
Data are number of individuals (percent) or mean value (standard deviations). 
 
 

 
Figure 3. Cumulative incidence of heart failure by snus use status in ULSAM. 

 

In the multivariable adjusted main model B, snus use was associated with a 
more than doubled risk for subsequent heart failure, relative to non-use 
(Table 4). In the sub-sample without myocardial infarction before baseline, 
snus use was also associated with a significantly increased risk of non-
ischemic heart failure relative to non-use in the main model B (hazard ratio 
2.55 [95 % confidence interval 1.12-5.82]). 
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Table 4. Risk of Heart Failure in Snus Users Relative to Snus Non-Users in the 
Uppsala Longitudinal Study of Adult Men (n=1,076). 
Variable Cases Model A Model B  

(Main) 
Model C 
(Mechanistic) 

Snus non-use 81 Ref Ref Ref 
Snus use 14 2.42 (1.37-4.27) 2.08 (1.03-4.22) 2.09 (1.00-4.39) 
Data are hazard ratios (95% confidence intervals).  
Model A: age-adjusted.  
Model B: as model A and further adjusted for current smoking dose, pack-years of smoking, 
diabetes, BMI, occupational classification, alcohol use and MI before baseline.  
Model C: as model B and further adjusted for office systolic BP, antihypertensive medication 
use, ECG-LVH and replacing MI before baseline with MI during follow-up (as a time-
dependent covariate). 

In secondary mechanistic analyses, adding office systolic blood pressure, 
antihypertensive medication, ECG-left ventricular hypertrophy and myocar-
dial infarction during follow-up (as a time-dependent covariate) as covariates 
(Table 4, model C), snus use was still a significant predictor of heart failure. 
Replacing the office systolic blood pressure covariate with 24-h (model D) 
or daytime (model E) heart rates and systolic and diastolic blood pressures, 
estimates for snus use were attenuated (hazard ratio 1.98 [95% confidence 
interval 0.86-4.55] in model D and 1.83 [0.80-4.23] in model E). 

CWC 
During a median follow-up time of 18 years, 545 of the 118,425 workers 
were hospitalized with heart failure. The baseline characteristics are present-
ed in Table 5, and the cumulative incidence by snus use status is presented 
in Figure 4. 

Table 5. Characteristics in the Cohort of 118,425 Never-Smoking Male Construc-
tion Workers. 
Variable Never 

tobacco users 
(n=83,705) 

Former 
snus users 
(n=2,439) 

Current 
snus users 
(n=32,281) 

Age (years) 33.4 (13.4) 31.1 (10.1) 26.7 (9.6) 
BMI (kg/m2) 24.2 (3.1) 24.2 (3.1)   23.7 (3.1) 
Region of residence    

North  22,433 (26.8) 780 (32.0) 9,620 (29.8) 
Middle  43,610 (52.1) 1,271 (52.1) 16,721 (51.8) 
South 17,662 (21.1) 388 (15.9) 5,940 (18.4) 

Systolic BP (mmHg) 131.1 (12.5) 130.6 (12.5) 129.3 (12.3) 
Diastolic BP (mmHg) 78.3 (10.5) 77.4 (9.8)  75.9 (9.9) 
MI before baseline 156 (0.2) 2 (0.1) 24 (0.1) 
MI during follow up 2133 (2.5) 18 (0.7) 252 (0.8) 
Data are number of individuals (percent) or mean value (standard deviations). 
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Figure 4. Cumulative incidence of heart failure by snus use status in CWC 

Current snus use was associated with a higher risk of heart failure relative to 
never-users of any tobacco, but no clear dose-response relationship was ob-
served among these current users (Table 6). Current snus use was also asso-
ciated with a higher risk of non-ischemic heart failure relative to never-use 
in the age-adjusted model, (hazard ratio 1.38 [1.05-1.81]), but estimates were 
attenuated in the main model B (hazard ratio 1.28 [95 % confidence interval 
0.97-1.68]).  

Table 6. Risk of Heart Failure by Snus Exposure Categories among Never-Smoking 
Male Construction Workers (n=118,425). 

Variable Cases Model A Model B 
(Main) 

Model C  
(Mechanistic) 

Never tobacco use 464 Ref Ref Ref 
Current snus use 75 1.35 (1.05-1.72) 1.28 (1.00-1.64) 1.24 (0.97-1.59) 

 <12.5 g/day 28 1.19 (0.81-1.74) 1.18 (0.80-1.73) 1.15 (0.78-1.68) 
12.5-24.9 g/day 35 1.57 (1.11-2.21) 1.46 (1.03-2.06) 1.40 (0.99-1.98) 
25-49.9 g/day 8 1.13 (0.56-2.27) 1.03 (0.51-2.08) 1.02 (0.50-2.06) 
≥50 g/day 4 1.48 (0.55-3.98) 1.25 (0.47-3.84) 1.24 (0.46-3.34) 

P trend  0.9 0.9 0.9 
Former snus use 6 1.02 (0.46-2.29) 1.00 (0.45-2.23) 0.99 (0.44-2.22) 

Data are hazard ratios (95% confidence intervals). 
Model A: age-adjusted.  
Model B: as Model A and further adjusted for BMI, region of residence and MI before base-
line.  
Model C: as Model B and further adjusted for systolic and diastolic blood pressures and re-
placing MI before baseline with MI during follow-up (as a time-dependent covariate).  



 34 

Risk of heart failure of ischemic and non-ischemic 
origin (paper II) 
During a median follow-up time of 16 years, 5,404 of the 350,711 men were 
hospitalized for heart failure. Baseline characteristics are presented in Table 
7, and the cumulative hazard of heart failure by snus use status in smoking 
exposure subgroups is presented in Figure 5. 

Table 7. Baseline Characteristics of Participants in Snus Collab 
Variable 
 

Total sample 
(N=350,711) 

Snus users  
(N=84,851) 

Snus non-users 
(N=265,860) 

Age (years) 39.9 (14.9) 34.9 (13.2) 41.5 (15.1) 
Smoking    

Never  168,454 (48.0) 39,184 (46.2) 129,270 (48.6) 
Previous  81,603 (23.3) 25,081 (29.6) 56,522 (21.3) 
Current  100,654 (28.7) 20,586 (24.3) 80,068 (30.1) 

Previous MI 2,966 (0.9) 327 (0.4) 2,639 (1.0) 
Hypertension  
(self-reported)* 

21,599/125,231 
(17.3) 

4,269/25,815  
(16.5) 

17,330/99,416 
(17.4) 

Systolic BP (mmHg) 128.7 (16.7) 127.3 (16.1) 129.2 (16.9) 
Diastolic BP (mmHg) 80.1 (10.9) 80.0 (10.8) 80.2 (10.9) 
BMI (kg/m2) 25.0 (3.4) 24.9 (3.5) 25.0 (3.4) 
Alcohol intake* 
(grams/week) 

(N=128,993) (N=26,574) (N=102,419) 

Teetotallers 10,250 (8.0) 995 (3.7) 9,255 (9.0) 
Lowest third 39,130 (30.3) 6,436 (24.2) 32.694 (31.9) 
Middle third 39,783 (30.8) 8,600 (32.4) 31,183 (30.5) 
Highest third 39,830 (30.9) 10,543 (39.7) 29,287 (28.6) 

Physical activity 
/week 

(N=131,814) (N=27,038) (N=104,776) 

< 2 hrs light  20,054 (15.2) 4,758 (17.6) 15,296 (14.6) 
> 2 hrs light  46,970 (35.6) 9,714 (35.9) 37,256 (35.6) 
1-2 hrs at  
least moderate  

42,737 (32.4) 7,862 (29.1) 34,785 (33.3) 

> 2 hrs at  
least moderate  

22,053 (16.7) 4,704 (17.4) 17,349 (16.6) 

Education level* (years 
in school) 

(N=348,640) (N=84,548) (N=264,092) 

< 10 years 32,646 (9.4) 6,148 (7.3) 26,498 (10.0) 
10-12 years** 278,452 (79.9) 72,371 (85.6) 206,081 (78.0) 
> 12 years 37,542 (10.8) 6,029 (7.1) 31,513 (11.9) 

Snus amount  (N=77,601)  
1 can/week  23,047 (29.7)  
2-4 cans/week  38,816 (50.0)  
5-6 cans/week  9,177 (11.8)  
≥ 7 cans/week  6,561 (8.5)  

Data are number of individuals (percent) or mean value (standard deviations). 
*Variable available in subsample;  
**All CWC participants were assumed to have upper secondary schooling, equivalent of 10 to 
12 years of education. 
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Figure 5. Cumulative hazard of heart failure by snus use relative to snus non-use in 
stratified subgroups of never-smokers, former smokers and current smokers. 

In models adjusting for age, smoking, previous myocardial infarction and 
educational level, current snus use was associated with a 27 % higher risk of 
heart failure relative to non-current snus use (Table 8). A dose-response 
pattern was observed, with higher risk with more snus cans used per week. 
We observed a 34 % higher risk of non-ischemic heart failure, but no associ-
ation with ischemic heart failure (Table 9). Smoking was more strongly 
associated with heart failure, particularly of ischemic origin, than snus use. 
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Table 8. Risk of heart failure by tobacco exposure categories in Snus Collab 
Exposure PYAR Cases Hazard ratio  

(95 % CI) 
Snus use     

Non-current use 4,268,604 4,644 Ref 
Current use  1,384,156 760 1.27 (1.07-1.50) 

Smoking    
Never 2,578,326 1,489 Ref 
Former  1,241,434 1,735 1.23 (1.14-1.32) 
Current  1,833,000 2,180 1.95 (1.82-2.11) 

Snus use (current vs. non-current)     
Among never-smokers 2,578,326 1,489 1.25 (1.06-1.48) 
Among previous smokers 1,241,434 1,735 1.00 (0.88-1.13) 
Among smokers 1,833,000 2,180 0.87 (0.77-0.99) 

Snus dose response analyses    
1 can/week 426,426 359 Ref 
2-4 cans/week 673,952 293 1.51 (1.05-2.20) 
5-6 cans/week 138,696 43 1.16 (0.60-2.24) 
7 or more cans/week 106,460 34 2.23 (1.18-4.24) 

Hazard ratio/higher category    1.25 (1.04-1.51) 
Models include variables age (as timeline), smoking (never, former or current), snus use 
(current vs. non-current snus use in top panel; snus intensity in bottom panel), myocardial 
infarction before baseline, educational level and an interaction term for snus use × smoking 
status. Accordingly, estimates are marginal effects. 

Table 9. Risk of subtypes of heart failure (ischemic and non-ischemic) by tobacco 
exposure categories in Snus Collab 
Exposure Outcome 

IHF 
(1,835 cases / 350,711 at 
risk) 

Non-IHF 
(3,569 cases / 347,745 
at risk) 

Snus use   
Non-current Ref Ref 
Current 1.01 (0.72-1.42) 1.34 (1.11-1.63) 

Smoking    
Never  Ref Ref 
Former  1.48 (1.30-1.69) 1.19 (1.08-1.30) 
Current  2.43 (2.14-2.76) 1.81 (1.66-1.98) 

Snus use (current vs. non-current) 
stratified on smoking status 

  

Among never-smokers 1.07 (0.76-1.51) 1.29 (1.06-1.57) 
Among previous smokers 0.79 (0.63-1.00) 1.10 (0.94-1.27) 
Among smokers 0.75 (0.61-0.93) 0.93 (0.80-1.10) 

Data are hazard ratios with 95% CI. Models include variables age (as timeline), smoking 
(never, former or current), snus use (current vs. non-current), educational level and an interac-
tion term for snus use × smoking status. Accordingly, estimates are marginal effects. 
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We observed an interaction between snus use and smoking (p=0.003). Strati-
fying on smoking status, snus use was positively associated with heart fail-
ure among never-smokers, not associated among previous smokers, and neg-
atively associated among concomitant smokers (Table 8 and Figure 6).  

In sensitivity analyses, after exclusion of the CWC (and hence two thirds of 
the pooled study sample), snus use was no longer positively associated with 
heart failure (HR 0.88; 95 % CI 0.62-1.26). Heterogeneity between cohorts 
for overall analyses was high (I2 = 98.8%), but low on average when stratify-
ing on smoking status (notable only in current smokers, I2 = 0 % for never-
smokers and former smokers, Figure 6). 

 

 
Figure 6. Cohort-specific hazard ratios of heart failure by snus use relative to snus 
non-use, in strata of never-smokers, former smokers and current smokers 
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Snus use and outcome of myocardial infarction (paper 
III) 
A large MI was diagnosed in 10,975 patients. During long-term follow-up 
(median 1.9 years), 7,758 either died (n=6,044) or were hospitalized due to 
heart failure (n=1,714). The baseline characteristics are presented in Table 
10 and the cumulative hazard of long-term Death+HF by snus use status is 
presented in Figure 7. 

Table 10. Baseline characteristics by snus exposure in patients hospitalized for my-
ocardial infarction 
Variable N Snus users 

N = 4,950 
Snus non-users 
N = 55,412 

Age  60,362 61.3 (11.0) 68.6 (11.5) 
Gender (women)  60,362 212 (4.3) 18,718 (33.8) 
Snus use 60,362   

Never  0 (0.0) 52,309 (94.4) 
Previous (> 1 month)  0 (0.0) 3,103 (5.6) 
Current  4,950 (100.0) 0 (0.0) 

Smoking 60,362   
Never  1,129 (22.8) 24,510 (44.2) 
Previous (> 1 month)  2,437 (49.2) 18,740 (33.8) 
Current  1,384 (28.0) 12,162 (21.9) 

Previous MI 60,362 974 (19.7) 13,988 (25.2) 
Previous PCI 60,340 586 (11.8) 7,740 (14.0) 
Previous CABG 60,352 228 (4.6) 4,030 (7.3) 
Previous heart failure 60,362 86 (1.7) 1,60 (3.0) 
Previous stroke 60,362 180 (3.6) 3,196 (5.8) 
Hypertension  57,752 3,923 (82.0) 43,508 (82.1) 
Diabetes prevalence 60,356 836 (16.9) 10,787 (19.5) 
BMI (kg/m2) 58,667 28.3 (6.9) 27.2 (5.8) 
Occupation status 54,832 N=4,553 N=50,279 

Employed  2,336 (51.3) 13,695 (27.2) 
Unemployed/sick leave  253 (5.6) 1,960 (3.9) 
Retired  1,964 (43.1) 34,624 (68.9) 

Type of MI 60,362   
STEMI (vs, NSTEMI)  1,927 (38.9) 20,830 (37.6) 

Type of biochemical marker 57,605 N=4,773 N=52,832 
None  36 (0.8) 470 (0.9) 
cTnT  714 (15.0) 7,448(14.1) 
cTnI  1,441 (30.2) 15,922 (30.1) 
hs-cTnT  2,572 (53.9) 28,839 (54.6) 
hs-cTnI  0 (0.0) 0 (0.0) 
CK-MB  10 (0.2) 153 (0.3) 

hs-cTnT (ng/L) 30,113 1559 (2885) 1618 (2919) 
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Variable N Snus users 
N = 4,950 

Snus non-users 
N = 55,412 

ECG-Sinus rhythm 55,681 4,475 (96.6) 47,907 (93.8) 
Heart rate (beats/min) 57,581 79.1 (20.3) 78.9 (20.9) 
Systolic BP (mmHg) 57,017 149.6 (27.6) 149.6 (29.0) 
Diastolic BP (mmHg) 55,090 89.0 (17.1) 85.4 (16.9) 
Killip Class ≥ II 51,126 169 (4.0) 2,649 (5.6) 
Cardiac chock 57,321 36 (0.8) 441 (0.8) 
CPR before arrival 57,441 66 (1.4) 620 (1.2) 
AVB type II or III 57,685 62 (1.3) 842 (1.6) 
Mechanical complication 53,466 7 (0.2) 156 (0.3) 
LVEF (impairment) 47,559 N=3,916 N=43,643 

Normal (>0.5)  2,613 (66.7) 27,064 (62.0) 
Mild (0.4-0.5)  750 (19.2) 9,049 (20.7) 
Moderate (0.3-0.4)  423 (10.8) 5,369 (12.3) 
Severe (<0.3)  130 (3.3) 2,161 (5.0) 

Drugs (at discharge):    
Aspirin 57,477 4,457 (93.5) 48,487 (92.0) 
Other platelet-inhibitors 57,666 4,224 (88.4) 45,793 (86.6) 
Beta blockers 57,670 4,196 (87.8) 46,210 (87.4) 
Statins 57,663 4,449 (93.1) 48,168 (91.1) 
ACEI´s:  57,648 3,238 (67.7) 33,289 (63.0) 
ARB´s  57,075 641 (13.5) 9,323 (17.8) 
Oral anticoagulation  57,331 237 (5.0) 4,085 (7.8) 

Data are number of individuals (percent) or mean value (standard deviation). * Not left main. 
 
 

 
Figure 7. Cumulative hazard of a combined endpoint of death or heart failure, by 
snus use relative to snus non-use in long-term follow-up.  
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In models adjusting for age, gender, smoking, previous MI and occupational 
classification (employed, unemployed/sick leave and retired), snus use was 
not associated with risk of large MI (odds ratio 1.01; 95% confidence inter-
val (CI) 0.93-1.09) or Death+HF (long-term Cox proportional HR 0.99; 95% 
CI 0.90-1.10), depicted in Table 11. Smoking was once again a remarkably 
strong predictor for all the prespecified outcomes. 

Table 11. Risk of acute, short-term and long-term outcomes among tobacco users 
hospitalized for a myocardial infarction 
Timing Primary outcome Secondary outcome 
Acute (in-hospital) Cases/observed Large MI Cases/observed Death 
Snus use  909/4,950 vs. 

10,066/55,412 
1.01  
(0.93-1.09) 

15/4950 vs. 
488/55,412 

0.64  
(0.38-1.09) 

Smoking  2,686/13,546 vs. 
8,290/46,816 

1.23  
(1.16-1.30) 

90/13,546 vs. 
413/46,816 

1.50  
(1.17-1.93) 

Short-term*  Cases/observed Death+HF Cases/observed Death 
Snus use  107/4,864 vs. 

2,196/53,752 
0.94  
(0.77-1.14) 

79/4,950 vs. 
1,604/55,412 

0.99  
(0.79-1.25) 

Smoking  440/13,298 vs. 
1,863/45,318 

1.49  
(1.34-1.67) 

311/13,546 vs. 
1,372/46,816 

1.60  
(1.40-1.82) 

Long-term** Cases/observed Death+HF Cases/observed Death 
Snus use 413/4,864 vs. 

7,345/53,752 
0.99  
(0.90-1.10) 

319/4950 vs. 
5,725/55,412 

1.07  
(0.95-1.20) 

Smoking  1,458/13,298 vs. 
6,300/45,318 

1.44  
(1.36-1.53) 

1,085/13,546 vs. 
4,959/46,816 

1.51  
(1.41-1.62) 

Tobacco exposure is defined as current vs. non-current, *<28 days, **Entire follow-up. 
Estimates presented are odds ratios (for acute events) and hazard ratios (for short- and long-
term events) with 95% confidence intervals. Separate models are presented for snus and 
smoking. Ratios are based on a model from imputed data where adjustments were made for 
age, gender, smoking or snus use (using a 3-categorical covariate; never, previous and current 
use), previous myocardial infarction and occupational classification. 
Large MI; defined from presence of high maximum troponin levels using the following cut 
off values; hs-cTnT of  > 10,000 ng/L, cTnT > 10 ug/L or cTnI > 10 ug/L.  
Death+HF; a composite outcome of death of any cause and hospitalization for heart failure.  

Nonetheless, among never-smokers snus use was associated with an in-
creased risk for Death+HF (long-term HR 1.26, 95% CI 1.03-1.55), driven 
by a higher mortality risk (long-term HR for all-cause death 1.29, 95% CI 
1.02-1.64), as presented in Figure 8. A minimal trend towards large MI was 
also observed among never-smokers. 
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Figure 8. Risk of primary and secondary outcomes by snus use relative to snus non-
use, in strata of never-smokers, former smokers and current smokers. 
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Cessation of snus use and mortality after myocardial 
infarction (paper IV) 
During a median follow-up time of 2.1 years, 83 of the 2,474 post-MI pa-
tients died. The baseline characteristics are presented in Table 12, and the 
cumulative incidence by snus use status is presented in Figure 9. 

Table 12. Baseline Characteristics by Different Tobacco Exposure Categories in 
Patients Recently (<2 months) Hospitalized for Myocardial Infarction, Sweden 
2005-2009 (secondary study sample available in full detail in paper IV). 

Variable Total sample 
(n=21220) 

Primary study sample 
(n=2474) 

 Post-MI snus 
users (n=1799) 

Post-MI snus  
quitters (n=675) 

Age (years) 61.9 (8.5) 58.7 (9.0) 58.4 (8.4) 
Female gender 5600 (26) 90 (5) 26 (4) 
Snus exposure categories    

Post-MI snus users 1799 (9) 1799 (100) 0 (0) 
Post-MI snus quitters 675 (3) 0 (0) 675 (100) 
Pre-MI snus quitters 1537 (7) 0 (0) 0 (0) 
Never snus users 17209 (81) 0 (0) 0 (0) 

Smoking exposure categories    
Post-MI smokers 2675 (13) 229 (13) 29 (4) 
Post-MI smoke quitters 4259 (20) 461 (26) 215 (32) 
Pre-MI smoke quitters 7894 (37) 899 (50) 314 (47) 
Never smokers 6392 (30) 210 (12) 117 (17) 

Diabetes prevalence  4931 (23) 426 (24) 131 (19) 
Previous stroke  1063 (5) 77 (4) 18 (3) 
Previous heart failure 863 (4) 71 (4) 6 (1) 
Hypertension 11891 (56) 943 (52) 345 (51) 
Type of myocardial infarction* (n=21134) (n=1789) (n=670) 

STEMI, LBBB (vs. 
NSTEMI) 

8678 (41) 733 (41) 315 (47) 

Coronary intervention during 
hospital stay 

16095 (76) 1396 (78) 555 (82) 

Classification of angina:    
Asymptomatic 17862 (84) 1514 (84) 592 (88) 
CCS 1 2235 (11) 201 (11) 56 (8) 
CCS 2 802 (4) 61 (3) 17 (3) 
CCS 3-4 320 (2) 23 (1) 9 (1) 

Classification of heart failure    
Asymptomatic 16176 (76) 1373 (76) 525 (78) 
NYHA 1 2806 (13) 244 (14) 90 (13) 
NYHA 2 1679 (8) 143 (8) 47 (7) 
NYHA 3-4 559 (3) 39 (2) 13 (2) 

LVEF* (n=16872) (n=1435) (n=556) 
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Variable Total sample 
(n=21220) 

Primary study sample 
(n=2474) 

 Post-MI snus 
users (n=1799) 

Post-MI snus  
quitters (n=675) 

Normal (>0.5) 10295 (61) 956 (67) 349 (63) 
Mild (0.4-0.5) 3766 (22) 284 (20) 122 (22) 
Moderate (0.3-0.4) 2153 (13) 150 (10) 63 (11) 
Severe (<0.3) 658 (4) 45 (3) 22 (4) 

Sinus rhythm on ECG* 14060/14649 (96) 1163/1216 (96) 454/464 (98) 
Systolic BP (mmHg) 132.4 (18.9) 132.2 (18.1) 131.8 (18.3) 
Diastolic BP (mmHg) 76.9 (10.3) 78.4 (10.4) 77.9 (9.8) 
BMI (kg/m2) 27.4 (4.4) 27.9 (4.4) 27.6 (3.6) 
Waist circumference (cm) 99.6 (12.5) 102.5 (12.2) 101.2 (9.3) 
Cholesterol (mmol/L) 4.1 (0.9) 4.2 (0.9) 4.1 (0.9) 
LDL/HDL-fraction 1.9 (0.9) 2.0 (0.8) 2.1 (1.6) 
Triglycerides (mmol/L) 1.6 (0.9) 1.8 (1.1) 1.7 (1.0) 
On treatment with:    

Aspirin 20019 (94) 1691 (94) 651 (96) 
Other platelet-inhibitors 17077 (81) 1488 (83) 568 (84) 
Betablockers 19289 (91) 1646 (91) 627 (93) 
Statins 19918 (94) 1683 (94) 655 (97) 
RAAS-blockage (ACEI 
and/or ARB) 

15730 (74) 1259 (70) 497 (74) 

Participation in cardiac rehab 
programme 

6725 (32) 497 (28) 251 (37) 

Physical activity; episodes of 
exercise >30 minutes, the past 
week* 

(n=21213) (n=1797) (n=675) 

0: 4040 (19) 363 (20) 77 (11) 
1-3: 4632 (22) 412 (23) 140 (21) 
4-6: 4821 (23) 391 (22) 153 (23) 
>7: 7720 (36) 631 (35) 305 (45) 

Occupation status* (n=20803) (n=1773) (n=661) 
Employed 8650 (42) 945 (53) 414 (63) 
Unemployed 574 (3) 58 (3) 18 (3) 
Retired 11579 (56) 770 (43) 229 (35) 

Data are number of individuals (percent) or mean value (standard deviation). 
*Variable available in subsample 
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Figure 9. Cumulative incidence of mortality by snus use status in patients recently 
hospitalized for myocardial infarction, Sweden, 2005-2009. 

In a model adjusted for age, gender and smoking exposure (model B), post-
MI snus quitters had almost a 50% lower mortality rate during follow up 
compared to those who continued to use snus (Table 13). In the multivaria-
ble-adjusted models C and D, point estimates for post-MI snus quitters were 
essentially unchanged, albeit with wider confidence intervals. In the second-
ary study sample smoke quitters also had about 50 % lower mortality rate.  

Results were consistent across a range of subgroups and outcomes, including 
cardiovascular mortality and non-cardiovascular mortality, although most 
secondary analyses were assessed with poor precision. 
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Table 13. Mortality Rate by Tobacco Exposure Categories in Patients Recently (<2 
months) Hospitalized for Myocardial Infarction, Sweden 2005-2009. 
Variable PYAR Cases Models A Models B Models C Models D 

Snus exposure 
categories 

      

Post-MI snus us-
ers (n=1799)  

3694 69 ref ref ref Ref 

Post-MI snus  
quitters (n=675) 

1450 14 0.51  
(0.29-0.91) 

0.55  
(0.30-0.97) 

0.57  
(0.32-1.02) 

0.55  
(0.31-0.99) 

Smoking exposure 
categories 

      

Post-MI smokers 
(n=2675) 

5253 149 ref ref ref Ref 

Post-MI smoke 
quitters (n=4259) 

8864 120 0.50  
(0.39-0.63) 

0.50  
(0.39-0.63) 

0.54  
(0.42-0.69) 

0.54  
(0.43-0.71) 

Estimates presented in models A-D are hazard ratios (95% confidence intervals).  
Models A: adjusted for age and gender. 
Models B: as models A, but further adjusted for past and present smoking and snus exposure 
respectively.  
Models C: models similar to B, but further adjusted for occupation status and participation in 
cardiac rehabilitation programme. The directed acyclic graph approach was used to identify 
the main models C.  
Models D: adjusted for age and a propensity score derived from the variables gender, smoking 
exposure (covariate similar to the one used in previous models), diabetes, hypertension, sys-
tolic and diastolic blood pressures, body mass index, waist circumference, LDL/HDL-ratio, 
type of myocardial infarction, occupation status, physical activity (four levels), participation 
in cardiac rehabilitation programme, treatment with aspirin, any other platelet inhibitors (pri-
marily clopidogrel), betablockers, statins and RAAS inhibitors (ACEI and/or ARB). These 
models are therefore considered secondary, mechanistic models.  
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Discussion 

The aim of this thesis was to investigate snus use and potential risks attribut-
ed to its direct autonomic and hemodynamic effects on the cardiovascular 
system and myocardium, such as the risk of developing heart failure and the 
prognosis after myocardial infarction. 

Main findings 
Snus and heart failure (papers I and II) 
Despite documented elevated hemodynamic workload in snus users and 
neurohormonal effects, no previous study had investigated relations of snus 
to heart failure. In paper I, a study based on two independent Swedish co-
horts, we observed an increased risk of subsequent heart failure among el-
derly male users of Swedish snus; and a similar, but less pronounced asso-
ciation in a younger and larger cohort of never-smoking men. Overall, the 
results were of borderline statistical significance, and no dose-response asso-
ciation was shown. Further, no proper evaluation regarding origin-specific 
causes (ischemic/non-ischemic) was performed.  

In paper II, we utilized an on-going national collaborative project pooling 
data from Swedish prospective cohort studies with information on snus use 
and smoking (The Swedish Collaboration on Health Effects of Snus Use). 
This enabled further exploration of associations of snus use with heart failure 
incidence, in a unique and very large sample of more than 350,000 individu-
als. We could verify that current snus use was associated with a higher risk 
of heart failure. A dose-response pattern was observed, with higher risk with 
more snus cans used per week. We also observed that the association of snus 
use with heart failure was limited to non-ischemic heart failure, as no associ-
ation was seen for ischemic heart failure. 

Altogether, the findings of these studies support an interpretation of a direct 
myocardial effect, rather than an atherogenic effect. 
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Snus and prognosis after myocardial infarction (papers III and 
IV) 
Based on effects of snus and nicotine on hemodynamics, in combination 
with indications of increased risk for fatal MI in snus users; we hypothesized 
that the outcome of an MI may be worse for snus users. In paper III, acute, 
short-term or long-term outcomes following an MI were not consistently 
higher among snus users relative to snus non-users, although snus use was 
associated with an increased risk of death and a trend towards larger MI 
among never-smokers.  

Smoking cessation after a myocardial infarction reduces the risk of death by 
one third,42 and is considered a cornerstone of cardiac rehabilitation pro-
grammes worldwide, but no previous study had addressed the question 
whether snus users who suffer a myocardial infarction benefit from discon-
tinuation of snus use. In paper IV we observed that discontinuation of snus 
use after a myocardial infarction was associated with an almost halved mor-
tality risk, similar to that associated with smoking cessation. Results were 
consistent across a range of subgroups and outcomes, including cardiovascu-
lar mortality and non-cardiovascular mortality, although most secondary 
analyses were assessed with poor precision.  

Altogether, these studies indicate that snus use is associated with worse 
prognosis after an MI. 

Potential mechanisms 
No atherogenic effects of snus, such as associations with risk of myocardial 
infarction or stroke, have been reported.56,58 Neither have associations with 
atherosclerotic surrogate measures (such as intima media thickness) been 
found.62,63 This opposes mechanisms related to atherosclerosis-driven coro-
nary events with subsequent heart failure and mortality, as did the lack of 
association between snus use and ischemic heart failure in this research pro-
gramme. 

Theoretically there are plausible nicotine-related mechanisms to why snus 
may be associated with higher risk of heart failure and worse post-MI prog-
nosis.  

Myocardial damage? 
Experimental studies have consistently reported acute hemodynamic effects 
of snus use including raised heart rate and elevated blood pressure.70-72,74-76 
The hemodynamic effects of snus use may increase ventricular load, poten-
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tially leading to myocardial remodelling and subsequent heart failure of pri-
marily non-ischemic origin. In addition, snus has potent neurohormonal ef-
fects. Acting via splanchnic nerves, smokeless tobacco increases blood lev-
els of epinephrine.70,71 Beta adrenergic stimulation and even subhypertensive 
catecholamine (norepinephrine) doses may induce cardiac remodelling, fi-
brosis and hypertrophy.119,120 Left ventricular hypertrophy is a well-known 
and strong predictor of heart failure.121 Nicotine has also been shown to 
promote fibroblast activation and collagen synthesis in many organs, includ-
ing the heart.122 A posteriori, we hence propose that a direct adverse myo-
cardial effect of nicotine may be the main mechanism explaining our finding 
of an association between snus use and non-ischemic heart failure.  

Smokeless tobacco may also cause coronary vasoconstriction,123 suggesting 
that tobacco could induce aggravated mismatch of myocardial supply and 
demand, with possible larger MIs and malignant arrhythmias as a conse-
quence. Studies on dogs have shown an increase in myocardial oxygen de-
mand during nicotine infusion,124 as well as a worse recovery of myocardial 
dysfunction in regionally “stunned,” ischemic myocardium.125 Nicotine-
exposed rats also had impaired post-MI healing and altered left ventricular 
remodelling compared to controls,126 further implying a possibility of snus-
related myocardial damage after an MI.  

Proarrhythmia? 
Snus and nicotine might exhibit proarrhythmic effects. Experimental studies 
on dogs have demonstrated a reduction of the electrical ventricular fibrilla-
tion threshold following cigarette smoking,66 and dose-dependent 
proarrhythmia (also of malignant nature) at nicotine concentrations bioe-
quivalent to smoking two cigarettes.67 In two post-MI studies in dogs; nico-
tine infusion also facilitated the induction of ventricular fibrillation,69 as well 
as resulted in a more complex electrophysiological pattern after the induc-
tion of ventricular fibrillation.68 Unfortunately, data used in this thesis was 
insufficient to explore the proarrhythmia-hypothesis (or other causes of 
death) further.  

Methodological considerations 

Epidemiology is a scientific discipline observing and exploring the occur-
rence and variation of different diseases in the population. One of the major 
aims is to determine aetiology, i.e. to identify factors (exposures) that ex-
plain diseases (outcomes). There are several methods to investigate aetiolo-
gy.127 The randomized controlled trials are considered as the gold standard 
for evaluating interventions.128 However, for many questions of clinical im-
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portance, interventions would be impractical or unethical. Clinicians must 
rely on observational studies for the best available evidence.  

Although the current thesis was based on four cohort studies (often described 
as the observational study design least prone to bias) with large sample sizes, 
high exposure prevalence and valid outcome definitions, some methodologi-
cal considerations must be addressed. 

Information bias 
Characterization of exposure is a central issue in the analysis of observation-
al data. Important factors to consider are the format, the intensity, the con-
sistency and accuracy of measurement and also temporal changes in expo-
sure status.129 Questions can sometimes be raised regarding the reliability of 
classification of tobacco habits as well as of registration of other data. A 
specific problem encountered in many cohort studies is that exposure is 
measured only once and may change during long-term follow-up. In a Swe-
dish cohort study of changes in tobacco habits over 5–13 years, 20% of snus 
users quit using tobacco, whereas only 2% changed to smoking.130 Any mis-
classification of snus use is most likely not dependent of the outcome stud-
ied. We therefore judge that any exposure misclassification is likely to be 
non-differential, resulting in a bias towards the null, which means that the 
only effect of changing habits of exposure during follow-up is that a slight 
increase in risk would not be detected. 

Confounding 
Traditionally a confounder has been defined as a pre-exposure variable that 
is associated with the exposure and also with the outcome. The develop-
ments in causal inference over the past two decades have made clear that this 
definition is not always adequate.131,132 Confounders are factors explaining or 
causing all or part of the observed effect, i.e. they are causally linked to both 
the exposure and the outcome.  
As previously described, snus use is often linked to other unfavourable life 
style characteristics, that must be taken into account. Smoking and socio-
economic status (SES, more commonly available as surrogate variables edu-
cation, occupation or income) are probably the two most important potential 
confounders when it comes to studying snus use. Confounding by smoking 
was dealt with in different ways. By restriction (never-smoking sample, 
study I), stratification (study II) or adjustment (all studies). We had infor-
mation about former and current smoking in all studies, but unfortunately no 
information about intensity or duration (apart for in ULSAM, study I). 
Hence, residual confounding by smoking may exist, although associations to 
outcomes generally were more pronounced in, or in some cases even re-
stricted to, never-smokers. Socio-economic factors associated to heart failure 
and prognosis after MI may have been more prevalent among snus users. We 
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had information on occupational classification in studies I (ULSAM), III and 
IV (SWEDEHEART), whereas educational level was available in study II. 
However, a limitation in studies I and II was that information about SES was 
lacking in CWC (the dominating cohort of both studies). This may have lead 
to an overestimation of associations. In the pooled analysis, we therefore 
assumed a homogenous level of education among construction workers (up-
per secondary schooling, equivalent of 10 to 12 years of education). We 
chose this approach (which reduces the variance of the covariate) to over-
come the alternative biases of reducing the sample size by two thirds or fail-
ing to adjust for education (both tested as sensitivity analyses). Residual 
confounding by SES is possible. 

In study IV, post-MI snus quitters may have represented a selected group 
with an overall healthier lifestyle, relative to the group that continued to use 
snus. In fact, they participated to a higher extent in the cardiac rehabilitation 
programme, were more physically active, had a lower prevalence of con-
comitant smoking and were more inclined to stop smoking post-MI. Residu-
al confounding cannot be excluded, despite thorough adjustments. 

Accordingly, in these four non-randomized studies, it is not certain that the 
association causally lies between snus per se and ill health. 

Snus and smoking 
The relationship between snus and smoking or other types of nicotine prod-
ucts is complex and requires an understanding of the temporal transitions 
between tobacco product types. About half of middle-aged snus users are 
previous smokers.133  

In study II we observed an interaction between snus use and smoking. Inter-
action refers to the situation where the effect of one exposure on a certain 
outcome is different across strata of another exposure. An interaction can be 
either additive (the combined effect of two exposures is larger than the sum 
of the individual effects of the two exposures) or multiplicative (the com-
bined effect is larger than the product of the individual effects). Stratifying 
on smoking status, snus use was positively associated with heart failure 
among never-smokers, not associated among previous smokers, and nega-
tively associated among concomitant smokers. In study III, the higher post-
MI mortality among snus users was restricted to the never-smoking stratum, 
although no significant interaction was found (possibly due to low power).  

To our knowledge, no biologic plausible mechanism can explain the 
observed interaction. Studies have reported that current smokers who con-
comitantly use snus on average smoke fewer cigarettes per day than non-
users of snus.134,135 Snus may also have contributed to smoking cessation 
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during follow-up.136-138 Hence, the heterogeneity between associations across 
strata of smoking may be explained by residual confounding of smoking 
dose in smokers, and accumulated smoking exposure in former smokers. 
Smokers and previous smokers that use snus may have had a lower current 
smoking dose and accumulated smoking exposure, relative to smokers and 
previous smokers that do not use snus, which may have masked any adverse 
effects from snus use in the main analysis of study III. Unfortunately, we 
were unable to explore this further since data on smoking intensity and dura-
tion was unavailable to us. 
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Conclusions 

• Snus use was associated with higher risk of heart failure in a dose-
response manner. This association was specific to non-ischemic heart 
failure, supporting an interpretation of a direct myocardial effect, rather 
than an atherogenic effect (papers I and II). 

 
• Acute, short-term or long-term outcomes following myocardial infarc-

tion were not consistently worse among snus users relative to snus non-
users, although snus use was associated with an increased risk of death 
among never-smokers (paper III). 

 
• Discontinuation of snus use after myocardial infarction was associated 

with an almost halved mortality risk, similar to the benefit associated 
with smoking cessation (paper IV). 

Although smoking was consistently stronger related to all adverse outcomes, 
and with reservations due to the observational design, the findings from this 
thesis indicates that snus should not be regarded as harmless. Snus use was 
associated with higher risk of heart failure and post-myocardial infarction 
mortality, which may have public health implications for the risk assessment 
of snus, and potentially other modes of smokeless nicotine.  
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Clinical implications and future perspectives 

The overall hypothesis of this thesis was based on documented acute hemo-
dynamic effects of snus use,70-72,74,76 although uncertainty remains whether 
snus imposes a risk for sustained hypertension.77,80 Snus use does not pro-
mote atherosclerosis and its subsequent acute events,56,58 but there is circum-
stantial evidence that snus may inflict some cardiovascular risk to users,47,54 
particularly those with existing cardiovascular disease, as supported by find-
ings in this thesis.  

The association found between snus use and non-ischemic heart failure is a 
novel finding. Due to a high prevalence of snus use in Sweden and a quite 
common outcome, even a modest effect can be of relevance for public 
health. Importantly, women, who have been described as being more prone 
to develop non-ischemic heart failure than men,139 were not included in pa-
pers I and II. The use of snus has increased relatively more among women 
than men over the past two decades,3,8 further stressing the importance of 
evaluating effects of snus use in women.  

The indicative findings of worse post-MI prognosis among snus users are of 
interest not only to researchers and physicians but also to policy makers and 
the general public. Ideally, the effects of quitting snus after an MI should be 
studied in a randomized clinical trial; in the absence of such a study, our 
observations suggest that total abstinence from tobacco should be the aim 
after MI.  

There are clear gaps in the knowledge regarding long-term health effects of 
other nicotine delivering products, such as the new and emerging electronic 
cigarettes (ECs) and nicotine replacement therapy (NRT). As the nicotine 
concentrations from snus use are similar to that from ECs and NRT,140 our 
results may have implications for these nicotine products. ECs have primari-
ly been used as a substitute for conventional cigarettes, but exclusive de 
novo use is becoming more common.141 Cardiovascular safety is an im-
portant consideration in the debate on the benefits versus the risks of EC use. 
Emissions that might have adverse effects on cardiovascular health include 
nicotine, oxidants, aldehydes and flavourings. To date, most of the cardio-
vascular effects of ECs demonstrated in humans are consistent with the 
known effects of nicotine, but long-term effects are to be evaluated.142 Ef-
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fects of NRT use also needs further exploration. One study reported no in-
creased risk of adverse cardiovascular events in the first year after an MI,143 
while another meta-analysis found an elevated risk for cardiovascular events 
that was driven predominantly by less serious events.144 

In addition, it is important that the public is well educated on the relative 
hazards of different types of tobacco. In a study investigating tobacco 
consumers perceived differences in risk across nicotine products, a substan-
tial proportion reported inaccurate beliefs about the relative harmfulness of 
smokeless tobacco versus cigarettes.145 Researchers, policymakers and the 
tobacco industry share a mutual responsibility for how health risks are com-
municated to the public.  
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Summary in Swedish (Sammanfattning på 
svenska) 

Rökning är värre, men denna avhandling tyder på att snusning inte bör be-
traktas som ofarligt. 
 
Tidigare undersökningar av snusning och dess hjärt-kärleffekter har allmänt 
fokuserat på åderförkalkningsrelaterade diagnoser såsom hjärtinfarkt och 
stroke, troligen eftersom rökning är en väletablerad riskfaktor för sådan 
sjukdom. Även om snus inte ger upphov till åderförkalkning, som rökning 
ger via förbränningsprodukter, så kan de potenta puls- och blodtrycksteg-
rande effekterna av snus och nikotin påverka hjärt-kärlsystemet.  
 
I denna avhandling har vi använt oss av nationella hälsoregister, observat-
ionsstudier samt kvalitetsregistret för hjärtinfarkter (SWEDEHEART) för att 
undersöka om snusning har betydelse för utveckling av hjärtsvikt och pro-
gnos efter hjärtinfarkt.  

Vi fann att snusanvändning var förknippad med högre risk för hjärtsvikt och 
att risken ökade ju mer man snusade. Denna koppling sågs endast vid hjärt-
svikt som inte hade föregåtts av en hjärtinfarkt, vilket talar för en direkt 
hjärtmuskelpåverkan snarare än en åderförkalkningsrelaterad effekt (studie I 
och II). Totalt sett var akuta, kortsiktiga eller långsiktiga komplikationer 
efter hjärtinfarkt inte konsekvent vanligare hos snusare jämfört med icke-
snusare. Men, i en förbestämd tilläggsanalys där gruppen aldrig-rökare stu-
derades, så hade snusare en högre risk för död jämfört med icke-snusare 
(studie III). Snusstopp efter hjärtinfarkt var förknippat med en nästan halve-
rad dödlighet under studietiden, vilket närapå motsvarade den fördel som 
sågs med rökstopp (studie IV). 
 
Sammanfattningsvis var snusanvändning kopplad till högre risk för hjärt-
svikt och dödlighet efter hjärtinfarkt. Med reservation för avhandlingens 
icke-randomiserade upplägg, vilket gör att okända kvarstående störfaktorer 
kan föreligga, så antyder resultaten ändå en potentiell betydelse för folkhäl-
san som bör tas i beaktande vid riskbedömning av snus, samt eventuellt även 
av andra former av rökfria nikotinprodukter. 
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