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ABSTRACT 
Objective To assess the risk of future death and cardiac 
events following percutaneous coronary intervention (PCI) 
in patients using smokeless tobacco, snus, compared with 
patients not using snus at admission for a first PCI. 
Methods The Swedish Coronary Angiography and 
Angioplasty Registry is a prospective registry on coronary 
diagnostic procedures and interventions. A total of 7 4 958 
patients admitted for a first PCI were enrolled between 
2009 and 2018, 6790 snus users and 68 168 not using 
snus. We used Cox proportional hazards regression for 
statistical modelling on imputed datasets as well as 
complete-case datasets. 
Results Patients using snus were younger (mean (SD) 
age 61.0 (± 1 0.2) years) than patients not using snus (67.6 
(±11.1), p<0.001) and more often male (95.4% vs 67.4%, 
p<0.001 ). After multivariable adjustment, snus use was 
not associated with the primary composite outcome of 
all-cause mortality, new coronary revascularisation or new 
hospitalisation for heart failure at 1 year (HR 0.98, 95% Cl 
0.91 to 1.05). In patients using snus at baseline who 
underwent a second PCI (n= 1443), the duration from the 
index intervention was shorter for subjects who continued 
using snus (n=921, 63.8%) compared with subjects 
who had stopped (mean number of days 285 vs 406, p 
value=0.001 ). 
Conclusions Snus use at admission for a first PCI was not 
associated with a higher occurrence of all-cause mortality, 
new revascularisation or heart failure hospitalisation. 
Discontinuing snus after a first PCI was associated with a 
significantly longer duration to a subsequent PCI. 

BACKGROUND 
The risk of cardiovascular disease ( CVD) is 
lower with smokeless tobacco than with ciga­
rettes.1 Yet smokeless tobacco use is discour­
aged by the American Heart Association 
because of evidence indicating increased 
risks of fatal myocardial infarction (MI) and 
fatal stroke and poorer prognosis after MI 
and stroke.2 

Swedish snus is a dry form of moist snuff 
sold as sachets or in loose form in small 
plastic or tin cans. In contrast to (American) 
snuff, snus is placed in the upper lip (not the 
lower) and is air cured and sun cured (not 

Key questions 

What is already known about this subject? 
.,.. The use of smokeless tobacco is on the rise, but in­

formation on cardiac risk is limited. 
.,.. Most previous studies have not demonstrated in­

creased cardiovascular risk in subjects using snus, 
but little is known of risks after a cardiac event. 

What does this study add? 
.,.. In this cohort study covering all patients undergoing 

a first percutaneous coronary intervention (PCI) in 
Sweden over 9 years, snus use was not associated 
with a higher occurrence of all-cause mortality, new 
revascularisation or heart failure at 1 year. 

.,.. Importantly, discontinuing snus after a first PCI was 
associated with a longer duration to a subsequent 
PC I. 

How might this impact on clinical practice? 
.,.. The harmful effects from snus are less than found 

with smoking but not negligible. 
.,.. Our findings can be used to inform patients and 

health professionals about the health risks of 
smokeless tobacco. 

fire cured) and pasteurised, which reduces 
the levels of harmful chemicals and used typi­
cally for 11-14 hours per day.1 

Although the association between smoking 
and CVD risk is well established, the effects 
of snus on CVD risk is less certain. One 
prospective Swedish cohort study found that 
continuing snus users had a higher mortality 
rate than did snus quitters after an MI.3 A twin 
cohort study involving more than 16 000 men 
found no association between snus use and 
CVD risk,4 and a pooled analysis of observa­
tional studies could not demonstrate a higher 
MI risk with snus use. 5 Snus use was not found 
to be associated with stroke6 or atrial fibril­
lation, 7 while there could be an association 
between the use of snus and heart failure. 8 

The Swedish Coronary Angiography and 
Angioplasty Registry (SCAAR) holds data 
on consecutive patients from all 30 centres 
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that perform coronary angiography and percutaneous 
coronary intervention (PCI) in Sweden. From 2009 and 
onwards, active or previous use of snus has been registered 
along with active or previous smoking. In previous studies 
of snus use in Sweden, no association with increased 
cardiovascular risk was found. 9 Our objective was to inves­
tigate the risk of all-cause death or new revascularisation 
with snus use at admission in patients undergoing PCI 
and registered in SCAAR. We hypothesised that active use 
of snus confers an increased risk of future CVD events. 

METHODS 
Study population 
Our study included all patients :2:18 years of age in 
Sweden who underwent a first PCI from 1 January 
2009 to 31 May 2018 at all hospitals performing PCI 
with the indications stable angina, unstable angina, 
non-ST-segment elevation MI (NSTEMI) or ST-seg­
ment elevation MI. Patients who had a history of 
previous MI or who had previously been treated with 
PCI or coronary artery by-pass surgery were excluded 
from this report. We also excluded patients for whom 
information on the use of snus was unavailable and 
those who did not have complete follow-up data. 
The application of inclusion and exclusion criteria 
resulted in a total of 74 958 individuals eligible for 
analysis (figure 1). 

We performed additional analyses to investigate 
longitudinal use of snus (n=6790) and assess whether 
the discontinuation of snus after the index PCI and 
a subsequent PCI was associated with the primary 
and secondary outcomes (see online supplementary 
figure S1). 

The SCAAR data 
SCAAR, which is a part of the national Swedish 
Web System for Enhancement and Development 
of Evidence-based Care in Heart Disease Evaluated 
According to Recommended Therapies registry, 
holds data on all consecutive patients from all 30 
centres that perform coronary angiography and PCI 
in Sweden. The registry is sponsored by the Swedish 
Health Authorities and is independent of commercial 
funding. The technology is developed and adminis­
tered by the Uppsala Clinical Research Center. Since 
2001, SCAAR has been internet based, with recording 
of data online through a web interface in the cath­
eterisation laboratory; data are transferred in an 
encrypted format to a central server at the Uppsala 
Clinical Research Center. Long-term follow-up was 
obtained by merging the SCAAR database with other 
national registries based on all Swedish citizens' 
unique personal identification number. Vital status 
and date of death was obtained from the National 
Population registry and was available until 20 May 
2018. Because the data are anonymised, written 
informed consent from each patient was not needed; 
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SCAAR 

Database 

SCAAR entries 

2009·2018 

n = 564278 

Stable CAD, 

UA/NSTEMI & STEMI 

n = 430469 

No history of Ml, PCI 

orCABG 

n = 243077 

First admission per 

patient 

n = 74958 

Figure 1 Flow chart of study design, inclusion and 
exclusion criteria and final study population. CAD, coronary 
artery disease; CABG, coronary artery bypass grafting; 
Ml, myocardial infarction; PCI, percutaneous coronary 
intervention; SCAAR, Swedish Coronary Angiography and 
Angioplasty Registry; STEMI, ST-segment elevation Ml; UN 
NSTEMI, unstable angina/non-ST-segment elevation MI. 

however, patients can choose to opt out of the registry 
at any time. Monitoring and verification of registry 
data have been performed in all hospitals since 2001 
by comparing 50 entered variables in 20 randomly 
selected interventions per hospital and year with the 
patients ' hospital records. The overall correspond­
ence of data during the study period was >95%. 10 In 
Sweden , patient-reported smoking status and use of 
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Table 1 Patient characteristics 

Not using snus (n=68168) Using snus (n=6790) Missing(%) P value 

67.6 (±11.1) 61.0 (± 1 0.2) 0.0 <0.001 

Age > 75 years 17 252 (25.3) 527 (7.8) 0.0 <0.001 

Male 45397 (67.4) 6476 (95.4) 0.0 <0.001 

Body mass index 27.3 (±6.0) 28.3 (±5.8) 11.1 <0.001 

Smoking status 0.9 <0.001 

Never smoked 31 251 (46.2) 1674 (24.9) 

Former smoker 22 824 (33.8) 3353 (49.9) 

Current smoker 13 515 (20.0) 1693 (25.2) 

Co morbidities 

Diabetes 13117 (19.3) 1201 (17.7) 0.1 0.002 

Insulin dependent 4570 (6.7) 412(6.1) 0.704 

Hypertension 37769 (55.6) 3356 (49.5) 0.4 <0.001 

Hyperlipidaemia 22 767 (33.6) 2117 (31 .3) 0.6 <0.001 

Estimated GFR 78.3 (± 18.8) 85.3 (±17.1) 27.0 <0.001 

CKD stage 27.0 <0.001 

Chronic kidney disease stage 1-11 41 571 (83.4) 4485 (91.9) 

Chronic kidney disease stage Ill 7558 (15.2) 358 (7.3) 

Chronic kidney disease stage IV-V 723 (1.5) 36 (0.7) 

COPD 3167 (4.6) 286 (4.2) 0 0.111 

Peripheral artery disease 1700 (2.5) 151 (2.2) 0 0.185 

Previous stroke 3366 (4.9) 227 (3.3) 0 <0.001 

Cancer 1357 (2.0) 117 (1.7) 0 0.142 

Heart failure 1840 (2.7) 122 (1.8) 0 <0.001 

In-hospital characteristics 

Inclusion time 0.0 <0.001 

2009-2013 30 956 (45.4) 2918 (43.0) 

2014-2018 37 212 (54.6) 3872 (57.0) 

Indication 0.0 0.016 

Stable CAD 12742 (18.7) 1178 (17.3) 

UNNSTEMI 34 056 (50.0) 3485 (51 .3) 

STEM I 21 370 (31.3) 2128 (31.3) 

Medical treatments 

Upstream DAPT 54 149 (79.4) 5479 (80.7) 0.0 0.014 

Aspirin 66551 (97.6) 6651 (98.0) 0.0 0.091 

Clopidogrel 29115 (42.7) 2609 (38.4) 0.0 <0.001 

Prasugrel 1452 (2.1) 202 (3.0) 0.0 <0.001 

Ticagrelor 36 67 4 (53.8) 3925 (57.8) 0.0 <0.001 

Heparin 60 732 (89.1) 6169 (90.9) 0.0 <0.001 

Bivalirudin 17 388 (25.5) 1728 (25.4) 0.0 0.916 

LMWH 3529 (5.2) 268 (3.9) 0.0 <0.001 

Fondaparinux 18 258 (26.8) 1941 (28.6) 0.0 0.001 

Procedure characteristics 

Vascular approach 0.0 <0.001 

Femoral 9200 (13.5) 796 (11.7) 

Continued 
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Table 1 Continued 

Not using snus (n=68168) Using snus (n=6790) Missing(%) P value 

Other 58 967 (86.5) 5994 (88.3) 

Diseased vessels 0.4 0.001 

One 37 958 (55.9) 3933 (58.2) 

Two 19990 (29.5) 1924 (28.5) 

Three 9918 (14.6) 898 (13.3) 

Left main disease 2637 (3.9) 206 (3.0) 0.0 0.001 

Stented 59 207 (86.9) 5986 (88.2) 0.0 0.002 

Drug-eluting stent 48 660 (82.2) 5052 (84.4) <0.001 

Complete revascularisation 4280 (69.7) 4574 (73.5) 8.8 <0.001 

CAD, coronary artery disease; CKD, chronic kidney disease according to the CKD-EPI formula; COPD, chronic obstructive pulmonary 
disease; DAPT, dual antiplatelet therapy; GFR, glomerular filtration rate ; LMWH, low molecular weight heparin ; STEM I, ST-segment elevation 
myocardial infarction; UNNSTEMI, unstable angina/non-ST-segment elevation myocardial infarction. 

snus is obtained at th e time of coronary angiography 
and registered in SCAAR by th e treating interven­
tionist. 

Outcomes 
The primary composite outcome of this study was a first 
occurrence of either all-cause death, new coronary revas­
cularisation (defined as a planned or unplanned coro­
nary investigation with an angiogram warranting inter­
vention with PCI or coronary artery bypass surgery) or 

Table 2 Outcomes 

HR 

Univariable 0.824 

Age and sex adjusted 0.969 

Multivariable, imputed 0.978 

Multivariable, complete case 0.975 

All-cause mortality 

Univariable 0.639 

Age and sex adjusted 1.155 

Multivariable, imputed 1.146 

Multivariable, complete case 1.17 

New revascularisation 

Univariable 0.996 

Age and sex adjusted 0.937 

Multivariable, imputed 0.941 

Multivariable, complete case 0.926 

Heart failure hospitalisation 

Univariable 0.623 

Age and sex adjusted 0.912 

Multivariable, imputed 0.915 

Multivariable, complete case 0.973 

new hospitalisation for heart failure . Secondary outcome 
measures were the individual components of the primary 
composite outcome and time to new coronary interven­
tion. 

Statistics 
Continuous variables are expressed as means±SD. Cate­
gorical variables are expressed as counts and percent­
ages. Differences in continuous variables between 
snus users and those not using snus were assessed with 

Cl (lower) Cl (upper) P value 

0.772 0.88 <0.001 

0.907 1.036 0.359 

0.914 1.045 0.508 

0.896 1.06 0.554 

0.548 0.746 <0.001 

0.987 1.352 0.072 

0.979 1.342 0.09 

0.954 1.434 0.132 

0.917 1.081 0.915 

0.862 1.018 0.123 

0.866 1.023 0.154 

0.835 1.028 0.148 

0.548 0.709 <0.001 

0.800 1.039 0.167 

0.802 1.043 0.183 

0.826 1.147 0.745 

The first model is unadjusted, the second model adjusted for age and sex and the third model is the full multivariable model. The 
multivariable models are shown both pooled from analyses on the multiply imputed dataset and complete case only dataset. 
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Figure 2 Survival curves for (A) the primary composite outcome of all-cause death, new coronary revascularisation and 
new hospitalisation for heart failure (HF); (B) all-cause death; (C) new revascularisation; and (D) new hospitalisation for HF. 
The curves are estimated from Cox proportional hazards models adjusting for age and sex. The p values are derived from the 
corresponding Cox proportional hazards models. 

Student's t-test. Differences between categorical varia­
bles were assessed with the x2 test. Independent associ­
ations between snus use and age, sex, body mass index 
and other covariables were calculated with multivariable 
logistic regression. Univariable and multivariable HRs 
with 95 % Cis as well as age-adjusted and sex-adjusted 
survival graphs were calculated with Cox proportional 
hazards models. Model 1 included only current snus 
use as independent variable; model 2 adjusted for age 
(modelled as restricted cubic spline) and sex; model 3 
accounted for age, sex, body mass index, smoking status 
and comorbidities (diabetes, hypertension, hyperlipi­
daemia, renal function (estimated glomerular filtration 
rate ( eGFR)), chronic obstructive pulmonary disease, 
peripheral artery disease, previous stroke, cancer and 
heart failure). Percentage of missing values is shown for 
each variable and was low apart from body mass index 
(11.1 %) and eGFR (27.0%). Missing data, which were 
assumed to be missing at random, were imputed using 
multiple imputation (five imputed datasets, all base­
line characteristics and outcome covariables were used 
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to predict m1ssmg values). Results from analyses on 
each imputed data set were then pooled according to 
Rubin's rules. n The variables for snus use, age and sex 
(ie, those included in models 1 and 2) did not include 
any missing values. Results from multivariable models 
including only complete cases (n=51409) for all four 
outcome measures were reported for consistency. For the 
multivariable models (model 3 and the complete cases 
model), HRs for smokers versus non-smokers were also 
reported. Predefined subgroup analyses and interaction 
tests were performed on complete cases in men versus 
women, patients currently versus not currently smoking, 
in patients with versus without diabetes mellitus, in 
patients with versus without hypertension and in patients 
with versus without renal dysfunction ( eGFR <60 mL/ 
min/ 1.73m2

). The subgroup analyses were adjusted for 
the same variables as the multivariable model 3. 

In a longitudinal analysis of snus use and subsequent 
PCI, we investigated those who were using snus at the 
index PCI (n=6790) and underwent a subsequent second 
PCI during the study time. We descriptively analysed the 
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Count Percent 

Overall 51409 100% 

Smoker 

Yes 9383 18.3% 

No 42026 81 .7% 

Sex 

Male 39209 76.3% 

Female 12200 23.7% 

Diabetes 

Yes 9151 17.8% 

No 42258 82.2% 

Hypertension 

Yes 30289 58.9% 

No 21120 41 .1% 

Renal dysfunction (eGFR <60) 

Yes 8053 15.7% 

No 43356 84.3% 

0.7 
Snus better 

1.3 
Snus worse 

HR (95% Cl) 

0.975 (0.896-1.06) 

0.961 (0 .873-1 .058) 

0.949 (0.866-1 .039) 

1.084 (0.869-1 .353) 

0.838 (0.69-1 .01 7) 

1.017 (0 .926-1 .116) 

0.977 (0.876-1 .089) 

0.976 (0 .854-1.115) 

1.191 (0.97-1.462) 

0.934 (0.852-1.024) 

P value for interaction 

0.762 

0.355 

0.072 

0.793 

0.06 

Figure 3 Forest plot displaying HRs and 95% Cis for subgroups and their interaction p values. The plot was produced with 
pooled results from multivariable analyses of the imputed data sets on the primary composite outcome. The analyses are 
multivariable and adjusted as in model 3. eGFR, estimated glomerular filtration rate. 

proportion of snus users who continued to use or discon­
tinued snus at subsequent PCis during the follow-up, and 
we calculated the mean time from the first to the second 
PCI stratified by those who had stopped or continued 
using snus, respectively. We also investigated the associ­
ation between discontinuing snus and outcomes using 
univariable as well as age-adjusted and sex-adjusted Cox 
proportional hazards models. 

Statistical analyses were performed in R (version 3.5.1, 
R Foundation for Statistical Computing, Vienna, Austria). 
All p values are two tailed, and a value of 0.05 was consid­
ered statistically significant. 

RESULTS 
Patient characteristics 
Baseline and procedural characteristics are shown in 
table 1. We identified a total of 6790 current snus users 
and 68 168 subjects not using snus. Of note , snus users 
were younger (mean 61.0 vs 67.6 years), more often of 
male sex, had a higher body mass index and were more 
often current or previous smokers than subjects not 
using snus. However, diabetes mellitus, hypertension and 

6 

hyperlipidaemia were less frequent in snus users who also 
had better renal function. Snus users had less advanced 
coronary artery disease and were more often completely 
revascularised compared with patients not using snus. 
The temporal trend of snus use showed an increase from 
around 6%-9% of patients in the first few years (2009-
2011) after which snus use plateaued (see online supple­
mentary figure S2). 

We found independent positive associations between 
snus use (see online supplementary table S1) and 
younger age, male sex, high body mass index, previous 
or active smoking, late study inclusion and presentation 
with unstable angina/ NSTEMI. 

Outcome 
In the unadjusted analyses (model 1), snus use was signif­
icantly associated with better outcome of the primary 
composite outcome, all-cause mortality and heart failure 
hospitalisation analyses compared with not using snus 
(table 2). Mter adjusting for age and sex (model 2), 
snus use was not associated with the primary composite 
outcome or the secondary outcomes (figure 2). Mter 
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Figure 4 Outcomes in snus users and snus quitters following the index PCI. Unadjusted Kaplan-Meier graphs for (A) the 
primary composite endpoint of all-cause death, new coronary revascularisation and new hospitalisation for heart failure; (B) 
all-cause death; (C) new revascularisation; and (D) new hospitalisation for heart failure (HF). Only patients who used snus at the 
index PCI are included. PCI, percutaneous coronary intervention. 

applying the additional adjustments for differences in 
body mass index, smoking status and comorbidities, there 
were no significant associations between snus use and any 
outcome, both in the analyses using multiply imputed 
data and those performed on complete cases. 

Subgroup analyses 
There were no significant interactions between snus use 
and the investigated subgroups. Of note the HR of the 
primary composite outcome in patients using snus who 
had an eGFR <60 mL/ min was 1.191 (95 % CI 0.97 to 
1.46) compared with those with a higher eGFR (HR 0.93, 
95 % CI 0.85 to 1.02, p value for interaction=0.06). Snus 
use in the subpopulation with diabetes was associated 
with a HR of 0.838 (95 % CI 0.69 to 1.02) compared with 
those with no diabetes (HR 1.02, 95 % CI 0.93 to 1.12, p 
value for interaction=0.07) (figure 3). 

Outcome for smokers 
Smokers had a significantly higher risk of experiencing 
the primary composite outcome, all-cause mortality and 
heart failure hospitalisation compared with non-smokers 
(HRs in model 3: 1.201, 1.742 and 1.502, respectively, all 
p values <0.001). Smoking was not associated with the 
revascularisation outcome (p value 0.75 in model 3) (see 
online supplementary table S2). 

Snus use following the index PCI 
Among the 6790 patients who used snus at the index PCI, 
1443 underwent a subsequent second PCI during the 
study period. These patients were stratified according to 
their snus use status at the time of the second PCI into a 
group that had continued to use snus (n=921 (63.8%)) 
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and a group that had discontinued snus (n=373 (25.8 %)) 
(see online supplementary figure S1). Data on snus use 
were missing for 149 patients (10.4%). Baseline charac­
teristics for these groups were well balanced (see online 
supplementary table S3). The proportion of patients 
using snus and/ or smoking decreased at subsequent PCI 
procedures in this subpopulation (see online supple­
mentary figure S3 and S4). In patients wh o underwent a 
second PCI, the duration from the index intervention was 
shorter for subjects who continued using snus compared 
with subjects who had stopped (mean number of days 285 
vs 406, p value=0.001). Mter undergoing a second PCI, 
there were no significant associations between continued 
snus use and worse outcome at 1 year, but cases were few. 
The primary composite outcome (age and sex adjusted) 
HR was 1.36 (95 % CI 0.94 to 1.99, p=0.107) and for heart 
failure hospitalisation (age and sex adjusted) HR was 2.20 
(95 % CI 0.98 to 4.93, p=0.055) in patients who reported 
still using snus at the subsequent PCI following the index 
PCI (see online supplementary table S4, figure 4). 

DISCUSSION 
In this study covering more than 9 years and all invasive 
coronary centres in Sweden, our main findings after 
statistical adjustment for known confounders were that 
snus use at admission for a first PCI was not associated 
with a higher occurrence of the combined outcome of 
all-cause mortality, new revascularisation or heart failure 
hospitalisation at one year. Discontinuing snus after a first 
PCI was associated with a significantly longer duration to 
a subsequent PCI. 
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A recent comprehensive meta-analysis on smokeless 

tobacco use identified 11 cohort studies conducted in 
Sweden and 6 in the USA.9 The analysis did not show 
increased risk of heart disease or stroke among snus users 
in Sweden compared with non-users but demonstrated 
increased heart disease and stroke risk for smokeless 
tobacco users in the USA. As pointed out by the authors, 
US smokeless tobacco products contain higher levels 
of nicotine, tobacco-specific nitrosamines including 
carcinogens, nitrite, nitrate and chloride and polycyclic 
aromatic hydrocarbons compared with Swedish snus/ 2 13 

and Swedish snus has lower levels of acrolein, a substance 
associated with oxidative stress and endothelial dysfunc­
tion.13 While snus use in Sweden may not be associated 
with increased cardiovascular risk, the focus of our study 
was to investigate the prognostic implication of snus use 
at admission for CVD-an area with a paucity of studies. 
We identified one prospective Swedish cohort study 
showing that continuing snus users had a higher mortality 
rate than did snus quitters after an MI.3 While that study 
used a clinical definition of MI and followed patients 
from two months after diagnosis, we used angiographi­
cally established coronary artery disease warranting PCI 
as inclusion criterion and followed patients from time of 
diagnosis. Furthermore, our study sample was more than 
thrice that of the previous study. 

A policy statement from the American Heart Asso­
ciation concluded that nicotine may contribute to the 
effects of smoking on cardiovascular health but that 
other constituents in cigarette smoke seem to have 
much more important deleterious effects.1 We found 
that smokers had a worse outcome across all outcomes 
in adjusted analyses except revascularisation, while this 
was not the case for snus users. It is probably safe to say 
that the primary harmful substance in tobacco is nico­
tine. Nicotine induces strong sympathetic stimulation,14 

elevating blood pressure15 and heart rate.16 Nicotine 
deteriorates arterial compliance acutely, 17 induces endo­
thelial dysfunction18 and results in increased arterial 
stiffness in the long term. 19 In an animal model, nicotine 
impaired myocardial healing and altered left ventricular 
remodelling after MI,20 and in a human cohort study, 
snus users had an elevated risk of heart failure.8 Platelet 
responsiveness may also be affected by nicotine,21 while 
coagulation indices seem unaffected.22 Inflammation is 
central in the development of coronary artery disease23 

and in-stent restenosis24 and while there is broad agree­
ment that cigarette smoke is proinflammatory, 25 infor­
mation on snus use and inflammation is limited. In our 
study, we observed a shorter duration to subsequent PCI 
in snus users who continued to use compared with quit­
ters. These findings support the conclusion that snus is 
not safe; however, the harmful effects from snus are less 
than found with smoking. 

Strengths and limitations 
Strengths to our study include a large real-world 
patient population with data from all invasive coronary 
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procedures in an entire country over more than 9 years 
with a high degree of accuracy. As with virtually all obser­
vational studies, there are, however, limitations, despite 
use of prospectively recorded data from national registries 
with a high level of completeness. The validity of variables 
recorded in SCAAR is high and loss to follow-up is low, 10 

but as misclassification occurs, this reduces precision of 
our findings. Additionally, residual confounding is always 
a possibility in observational studies. For example, we had 
no data on socioeconomic status, which is associated with 
unhealthy behaviours and the socioeconomic gradient 
in CVD and mortality.26 An additional limitation to our 
study is that we did not have access to snus use data after 
the index PCI except for patients undergoing subsequent 
PCI procedures, and in those who had discontinued snus, 
we had no information on when they had stopped. Snus 
sold in Sweden typically has a nicotine content between 
8 mg/ g and 14mg/ g tobacco, but extra strong varieties 
with a nicotine content of 45 mg/ g are also available 
(information accessed at www.swedishmatch.se). Type of 
snus used is not registered in SCAAR, which is a study 
limitation. 

In conclusion, snus use at admission for a first PCI 
was not associated with a higher occurrence of the 
combined outcome of all-cause mortality, new revas­
cularisation or heart failure hospitalisation at 1 year. 
Although most previous studies on use of Swedish 
snus did not find an association with increased future 
cardiovascular risk, our data indicate that snus at the 
time of angiographic diagnosis and continuing snus 
use thereafter is associated with a significantly shorter 
duration to a subsequent PCI. 
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