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ABSTRACT
Objectives To examine the 36- year trends in tobacco use 
in northern Sweden.
Design and outcome measure Cross- sectional analysis 
of the eight population- based surveys that constitute 
the northern Sweden MONICA study (1986, 1990, 1994, 
1999, 2004, 2009, 2014 and 2022). Cigarette smoking 
and snus use were self- reported via questionnaires, and 
age- adjusted percentages of cigarette smoking (including 
occasional use) and snus use were calculated via logit 
models.
Setting General population of Norrbotten and Västerbotten 
(the two northernmost counties of Sweden).
Participants 6678 women and 6320 men, aged 25 
to 74 years, were included for analysis. A total of 191 
participants were excluded due to missing data on either 
cigarette smoking or snus use.
Results Cigarette smoking decreased on a survey- 
to- survey basis, reaching a minimum in 2022 of 4.9% 
among men and 9.7% among women, corresponding to 
a percentage point change of 26.3 and 20.8, respectively, 
compared with 1986 (p

within- group<0.01). With respect to 
snus, the use increased steeply up until 1999 among 
men, after which it persisted around 25% to 30% (26.2% 
in 2022), with percentage point changes between 6.6 
and 13.4 compared with 1986 (p

within- group<0.01). The 
percentage of female snus users was extremely low 
in the first surveys but increased continuously over 
time, reaching a maximum of 13.0% in 2022 and a 
percentage point change of 12.5 since 1986 (p

within- 

group<0.01). Cigarette smoking—but not snus use—was 
more common in Norrbotten than in Västerbotten in 2022 
(pbetween- group<0.01).
Conclusions A substantial decline in cigarette smoking 
has occurred over time in northern Sweden, particularly 
among men and more notably in Västerbotten. In contrast, 
snus use has become increasingly common in both sexes 
and in both counties.

INTRODUCTION
Cigarette smoking is a major contributor to 
ill health and a known risk factor for, among 
others, cardiovascular disease, lung disease, 
diabetes and cancer.1–5 While the health 

effects of snus (a type of moist tobacco, placed 
under the lip in either loose or portion- packed 
form) are not as well- established as those of 
cigarettes,6 several studies have observed an 
association between snus use and increased 
risk of diabetes, overall mortality and cardio-
vascular mortality.7–12 Snus has been, and still 
is, mainly used in Nordic countries, especially 
in Sweden, where its use has been more or 
less widespread since the 19th century (as 
reviewed by Nordgren and Ramström).13

The popularity of cigarettes and snus has 
followed opposite trends in Sweden over the 
past decades (decrease in cigarette smoking, 
increase in snus use). As an example, based 
on national data between 2008 and 2022, the 
percentage of cigarette smokers decreased 
from 15.3% to 8.5% among women and 
from 12.9% to 8.8% among men, while the 
percentage of snus users increased from 3.2% 
to 7.1% among women and from 20.1% to 
22.9% among men.14 In the 2019 Eurostat 
survey, the prevalence of cigarette smoking 
was 1.5 to 5.3 percentage points lower in 
Sweden than in other Nordic countries.15 The 
temporal changes in Sweden are even more 
evident in the Northern Sweden Monitoring 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The primary strength of this study was the large 
number of participants, recruited at eight different 
occasions over a 36- year time period.

 ⇒ Another strength was that the main questions on 
cigarette smoking and snus use were identical in 
all surveys. 

 ⇒ The main limitation of this study was the decline in 
participation rate over time, from 81% in 1986 to 
47% in 2022.

 ⇒ Another limitation was that the use of tobacco prod-
ucts was self- reported.
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of Trends and Determinants in Cardiovascular Disease 
(NS- MONICA) study, which has data dating back to the 
1980s. Cigarette smoking decreased by 15 percentage 
points among women and by 12 percentage points among 
men between 1986 and 2009, and snus use increased by 
9 percentage points among women and by 15 percentage 
points among men during the same time period.16 

The aim of this study was to give an up- to- date descrip-
tion of the tobacco use and its associated characteristics 
in northern Sweden, using data spanning over 36 years 
from the NS- MONICA cohort.

METHODS
Study population
The NS- MONICA study was originally part of a WHO 
initiative to monitor cardiovascular risk factors.17–19 
Starting in 1986, eight population- based surveys have 
been conducted in the two northernmost counties of 
Sweden, Norrbotten and Västerbotten, and include more 
than 13 000 participants. Each survey was an independent 
sample of randomly selected persons from the popu-
lation registers, stratified for sex and age (25–64 years 
in 1986–1990; 25–74 years in 1994–2022). The partic-
ipants answered a questionnaire, underwent a clinical 
examination and had blood samples drawn. The partic-
ipation rate decreased over time, from 81% in 1986 to 
47% in 2022 (online supplemental figure S1). Details on 
non- participation data with respect to tobacco use are 
presented in online supplemental text S1.

The NS- MONICA study is covered by multiple ethical 
approvals from the Regional Ethical Committee at 
Umeå University and from the Swedish Ethical Review 
Authority. Reporting was done in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement.20

Assessment of cigarette smoking and snus use
The questionnaires contained a number of questions on 
the current and previous use of cigarettes and snus. The 
main questions on current cigarette smoking and snus 
use were identical in the eight surveys, as exemplified in 
online supplemental figure S2. Cigarette questions were in 
general more detailed than snus questions; for example, 
the questionnaires differentiated between regular and 
occasional smoking (≥1 and <1 cigarette per day) and 
collected information on time since smoking cessation. 
Questions on the type of snus were only included in 2014 
and 2022 (loose or portion- packed) and questions on the 
use of electronic cigarettes were only included in 2022.

The main questions on tobacco use in the NS- MONICA 
study have previously been validated with good results by 
comparing self- reported data with plasma concentrations 
of cotinine (the predominant nicotine metabolite).21

Assessment of other variables
Information on educational level, civil status, and diag-
nosis of diabetes and high blood pressure was collected 

via the questionnaires. Blood pressure, height and weight 
were measured during the clinical examination. Body 
Mass Index (BMI) was calculated as weight (kg) divided 
by height squared (m2) and hypertension was defined by 
systolic blood pressure of 140 mm Hg or more, diastolic 
blood pressure of 90 mm Hg or more, and/or diagnosis 
of high blood pressure.

Statistical analysis
The analytical cohort included 12 998 participants, after 
exclusion of 191 participants with missing data on either 
cigarette smoking or snus use (to have a common denom-
inator in the time- trend analysis; online supplemental 
figure S1). All analyses were conducted using Stata V.14 
(StataCorp LP, College Station, TX, USA).

Sex- specific percentages of cigarette smoking (including 
occasional use) and snus use were calculated in each 
survey via logit models. Between- survey differences in the 
age structure were accounted for by (i) adjustment (as a 
continuous covariate, with percentages estimated at 46.5 
years (the median age of tobacco users) in main anal-
yses and at 30, 40, 50 and 60 years in secondary analyses) 
and (ii) stratification (25–34, 35–44, 45–54, 55–64, 65–74 
years). In the latter analysis, to avoid overemphasising 
findings due to small sample variability, the eight surveys 
were collapsed into four categories (1986–1990, 1994–
1999, 2004–2009, 2014–2022). In addition, to examine 
the impact of the so- called Västerbotten Intervention 
Programme (a cardiovascular prevention programme, 
fully implemented in Västerbotten in 1993),22 separate 
analyses were conducted by county of residence. Finally, 
we calculated how the observed percentages of regular 
cigarette smoking in the 2022 survey would have changed 
at different participation rates and at different smoking 
percentages among non- participants (online supple-
mental text S2), with the purpose to examine the effect 
of potential selection bias.

Demographic and health characteristics were calcu-
lated by tobacco use in the 2022 survey, adjusted for sex 
and age where appropriate, via quantile and logit models 
(for continuous and categorical covariates, respectively). 
The same characteristics were also calculated among 
tobacco users for the left- tail (1986–1990) and right- 
tail (2014–2022) of the survey year distribution. Missing 
data were handled using complete case analysis (online 
supplemental table S1).

Patient and public involvement
Participants and the public were not involved in the 
design, conduct, reporting or dissemination plans of this 
research.

RESULTS
Study population
A total of 6678 women (median age, 49.0 years) and 6320 
men (median age, 50.3 years) were included for analysis 
(online supplemental figure S1), of whom 20.2% smoked 
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cigarettes (median age, 47.3 years; 54.8% women; 21.2% 
occasional use) and 14.9% used snus (median age, 44.2 
years; 20.7% women). 3.0% used both cigarettes and snus 
(median age, 41.5 years; 17.8% women). 

Tobacco use
The sex- specific percentages of tobacco use are shown 
in figure 1 (main analysis; tabulated in online supple-
mental table S2,S3) and online supplemental figure S3 
(secondary analysis). Cigarette smoking decreased on 
a survey- to- survey basis (curvilinear among men, linear 
among women), reaching a minimum in 2022 of 4.9% 
among men and 9.7% among women, corresponding 
to a percentage point change of 26.3 and 20.8, respec-
tively, compared with 1986 (pwithin- group<0.01). Four men 
and seven women also reported use of electronic ciga-
rettes in 2022. With respect to snus, the use increased 
steeply up until 1999 among men, after which it persisted 
around 25% to 30% (26.2% in 2022), with percentage 
point changes between 6.6 and 13.4 compared with 
1986 (pwithin- group<0.01). The percentage of female snus 
users was extremely low in the first surveys but increased 
continuously over time, reaching a maximum of 13.0% in 
2022 and a percentage point change of 12.5 since 1986 
(pwithin- group<0.01).

Similar trends were seen in the age- specific analyses 
(figure 2, tabulated in online supplemental table S4); 
however, there was a marked age gradient in women. As 
an example, women aged 25 to 34 years had decreased 

their cigarette use by 24.8 percentage points and increased 
their snus use by 20.8 percentage points between 1986 
to 1990 and 2014 to 2022 (pwithin- group<0.01); the corre-
sponding estimates in women aged 55 to 64 years were 
−7.2 and 6.2 percentage points (pwithin- group≤0.01). In 
contrast, the male trends were similar in the two age 
groups with decreases in cigarette smoking between 
21.2 and 16.4 percentage points (pwithin- group<0.01) and 
increases in snus use between 10.4 and 8.3 percentage 
points (pwithin- group<0.01).  

Cigarette habits according to county of residence are 
shown in figure 3 (tabulated in online supplemental table 
S5). In general, cigarette smoking was less common in 
Västerbotten than in Norrbotten throughout the entire 
follow- up period; both prior to (1986–1994) and during 
(1994–2022) a cardiovascular prevention programme in 
Västerbotten. Among women, 35.0% smoked in Norr-
botten and 22.8% smoked in Västerbotten in 1994 (pbetween- 

group<0.01) but the subsequent within- county decline was 
larger in Norrbotten, especially up until 2014, leading to 
percentages of 15.4% in Norrbotten and 4.5% in Väster-
botten by 2022 (pwithin- group<0.01; pbetween- group<0.01). Among 
men, the percentage of cigarette smokers in 1994 was 
25.4% in Norrbotten and 22.2% in Västerbotten (pbetween- 

group=0.30) but the subsequent within- county decline was 
larger in Västerbotten, especially from 2014 and onwards, 
leading to percentages of 8.6% in Norrbotten and 1.6% 
in Västerbotten by 2022 (pwithin- group<0.01; pbetween- group<0.01). 

Figure 1 Percentage of tobacco use by sex (1986–2022). All estimates were obtained from logit models, adjusted for age 
(continuous, years) and predicted at the median age of tobacco users in the eight surveys (46.5 years). In the upper panels, 
dots and spiked caps represent percentages and 95% CIs in women (dark grey) and men (light grey). In the lower panels, dots 
represent percentage point change in each sex compared with the survey in 1986 (CIs are omitted for visual clarity). Solid lines 
represent the predicted change in percentage points per year, including a squared term for calendar year (to relax the linearity 
assumption).

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 6, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
20 D

ecem
b

er 2024. 
10.1136/b

m
jo

p
en

-2024-088162 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

https://dx.doi.org/10.1136/bmjopen-2024-088162
https://dx.doi.org/10.1136/bmjopen-2024-088162
https://dx.doi.org/10.1136/bmjopen-2024-088162
https://dx.doi.org/10.1136/bmjopen-2024-088162
https://dx.doi.org/10.1136/bmjopen-2024-088162
https://dx.doi.org/10.1136/bmjopen-2024-088162
http://bmjopen.bmj.com/


4 Sjödin E, et al. BMJ Open 2024;14:e088162. doi:10.1136/bmjopen-2024-088162

Open access 

Figure 2 Percentage of tobacco use by sex and according to categories of survey year and age (1986–2022). All percentages 
were obtained from logit models. CIs are omitted for visual clarity.

Figure 3 Percentage of cigarette smoking by sex in a county with (Västerbotten) and a county without (Norrbotten) a 
cardiovascular prevention programme (1986–2022). All estimates were obtained from logit models, adjusted for age (continuous, 
years) and predicted at the median age of tobacco users in the eight surveys (46.5 years). In the upper panels, dots and shaded 
areas represent percentages and 95% CIs in Västerbotten (dark grey) and Norrbotten (light grey). In the lower panels, dots 
represent percentage point change in each county compared with the survey in 1986 (prior to the prevention programme, 1986–
1994) and compared with the survey in 1994 (during the prevention programme, 1994–2022) (CIs are omitted for visual clarity). 
Solid lines in the lower panels represent the predicted change in percentage points per year (during the prevention programme, 
1994–2022), including a squared term for calendar year (to relax the linearity assumption).
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Snus use did not differ between the counties in 2022, 
neither among men at 28.7 and 23.8% (pbetween- group=0.29) 
nor among women at 11.1 and 14.7% (pbetween- group=0.17). 

The effect of potential selection bias in the 2022 survey 
is illustrated in online supplemental table S6, specifi-
cally with respect to regular cigarette smoking. However, 
a substantial change in the observed results would only 
have occurred if participation rates were above 80% 
and if regular smoking were twice as common in non- 
participants as in participants.

Characteristics associated with tobacco use
Details of the tobacco users in the 2022 survey are shown 
in table 1. Compared with non- users of each tobacco 
product, cigarette smokers and snus users were less 
educated, less often married or co- habiting, and seemed 
more likely to have diabetes and a higher BMI.

Over time, cigarette smokers and snus users became 
more well- educated, more likely to have a higher BMI, 
and less likely to be married or co- habiting and to have 
hypertension (within- group comparisons; Online supple-
mental table S7). However, the cigarette smokers in later 
surveys were disproportionately less well- educated and 
less often married or co- habiting compared with the snus 
users and the overall study population (between- group 
comparisons); and they also seemed to have had a less 
positive development with respect to hypertension.

As shown in table 2, the cigarette smokers in later 
surveys were more often occasional users, smoked fewer 

cigarettes per day, had more often started to smoke before 
18 years of age (leading to a longer duration of use) and 
were more likely to be current or past users of snus. With 
respect to snus, the users in later surveys had a longer 
duration of use, were more likely to consume more than 
four boxes per week and were less likely to be current or 
past users of cigarettes.

DISCUSSION
Brief summary of main findings
In this cross- sectional study based on the NS- MONICA 
cohort, we have conducted a detailed, 36- year analysis of 
tobacco use and its associated characteristics in northern 
Sweden. Over the years, the prevalence of cigarette 
smoking has seen a dramatic decrease and the prevalence 
of snus use has seen a notable increase. Contemporary 
tobacco use, especially of cigarettes, was associated with 
multiple unhealthy characteristics, such as a lower educa-
tional level and higher BMI levels.

Findings on tobacco use and in relation to other studies
A substantial decline in cigarette smoking was observed 
during the study period (by more than 20 percentage 
points in both women and men since the 1980s), leading 
to one in 20.4 men and one in 10.3 women smoking ciga-
rettes by 2022. In contrast, between 1986 and 2022, the 
use of snus increased by 7.3 percentage points among 
men (with only small changes from 1999 to 2022) and 

Table 1 Demographic and health characteristics by tobacco use in 2022

Characteristics†

Cigarette smoking* Snus use*

Yes‡ No P value§ Yes¶ No P value§

No. of participants 81 1028 — 192 917 —

Age (median, years) 55.6 52.6 0.26 47.1 54.0 <0.01

Female sex (%) 71.6 55.0 <0.01 40.1 59.5 <0.01

Living in Norrbotten (%) 77.8 45.8 <0.01 47.9 48.2 0.94

University education (%) 20.1 47.4 <0.01 34.8 47.8 <0.01

Married/co- habiting (%) 54.2 74.7 <0.01 67.4 74.6 <0.05

Body Mass Index             

  Median (kg/m2) 26.0 27.7 0.02 27.1 26.0 0.07

  ≥30 kg/m2 (%) 31.9 25.4 0.24 32.2 24.5 0.06

Diabetes (%) 6.5 2.9 <0.05 4.6 2.9 0.17

Hypertension (%)** 39.2 38.1 0.86 38.8 38.1 0.87

*13 participants used both cigarettes and snus (median age, 48.7 years; 61.5% women).
†All variables, except age, sex and county of residence, were adjusted for sex and age (continuous, years) via quantile and logit models (for 
continuous and categorical variables, respectively) and predicted at the median age of tobacco users in 2022 (49.1 years).
‡24.7% smoked occasionally, 28.5% had used or used snus, 74.6% had started to smoke before 18 years of age (leading to a median 
duration of 40.1 years), and the median number of cigarettes smoked per day was 10.0.
§P values were obtained from the above- mentioned quantile and logit models comparing cigarette smoking and snus use with non- use 
of each habit. In a direct comparison between cigarette smoking and snus use, the two habits differed with respect to age, sex, county of 
residence, educational level and civil status (p≤0.04).
¶45.8% had used or used cigarettes, 59.1% used portion- packed snus, 61.1% consumed four or fewer boxes per week, and the median 
duration was 18.0 years.
**Systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, and/or diagnosis of high blood pressure.
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by 12.5 percentage points among women, up to the point 
that one in 3.8 men and one in 7.7 women used snus in 
2022. The female trends, but not the male trends, had a 
marked age gradient, exemplified by a threefold higher 
percentage point change of each tobacco product in 
younger women than in older women. Cigarette smoking 
was less common in Västerbotten than in Norrbotten, 
while snus use did not differ between the two counties. 

Our findings are similar to those in other surveys, such 
as the Statistics on Income and Living Conditions (SILC) 
survey.14 In the SILC surveys in 2009, 2014 and 2022, the 
percentage point difference in regular cigarette smoking 
ranged from 0.2 to 1.8 among men and from 0.2 to 3.1 
among women compared with the same survey years in 
the NS- MONICA cohort. The corresponding estimates 
for snus use ranged from 0.2 to 6.8 among men and from 
0.3 to 2.8 among women. (Nota bene: A detailed compar-
ison of the NS- MONICA study and the SILC survey is 
shown in online supplemental table S8).

Sweden has had a long history of various control policies 
to reduce the prevalence of cigarette smoking, including 
sales restrictions, advertisement restrictions and smoke- 
free environments,23 which, together with other educa-
tional and preventive measures,24 has clearly paid off and 
should be advocated by other countries. It is also possible 
that the increased use of snus has influenced the smoking 
prevalence, either due to a transition from cigarettes to 
snus over time or a choice of snus over cigarettes from 
the beginning. Previous studies have reported that snus 
is used by around one- fourth of Swedish men to assist in 
smoking cessation,25 26 in line with the proportion of snus 
users in our data who had smoked in the past. However, 

the use of snus as a mean to quit smoking is controver-
sial even in Sweden, not to mention that the European 
Union (EU) prohibits the sale of snus products in all EU 
countries except Sweden, limiting its role as a smoking 
cessation aid in Europe.

Cigarette smoking has been—and still is—more common 
in Norrbotten than in Västerbotten. This finding must, at 
least partly, be related to the Västerbotten Intervention 
Programme,22 a cardiovascular prevention programme 
that began in 1985 and was fully implemented in 1993. 
All persons who turn 40, 50 and 60 years of age in Väster-
botten are invited to systematic risk factor screenings 
and individual health and lifestyle counselling sessions. 
Around 48% of the NS- MONICA participants recruited 
between 1994 and 2022 from Västerbotten had previously 
taken part in the prevention programme (Veronica Hell-
ström, Biobank Research Unit, Umeå University, personal 
communication, 2024). However, in our data, there were 
no consistent findings across the sexes that favoured the 
prevention programme with respect to smoking trends 
on the county- level—women in Västerbotten smoked less 
by 2022 due to a lower prevalence at the beginning of 
the prevention programme; men in Västerbotten smoked 
less by 2022 due to a larger decline during the prevention 
programme.

Findings on the characteristics associated with tobacco use
Modern- day cigarette smokers and snus users exhibited 
more characteristics associated with ill- health, such as a 
lower educational level, higher BMI levels and a higher 
probability of having diabetes, than did their non- using 
peers. A shift in the within- group characteristics was also 

Table 2 Tobacco- specific characteristics among tobacco users over time (1986–1990 vs 2014–2022)

Characteristics*

Cigarette smoker Snus user

1986–1990 2014–2022 P value† 1986–1990 2014–2022 P value†

No. of participants 943 255 — 343 495 —

Cigarettes             

  Past use (%) — — — 48.2 38.9 0.02

  Current use (%) 100 100 — 36.6 11.6 <0.01

   Occasional use (<1 cigarette/day) (%) 18.1 34.0 <0.01 — — —

   Number of cigarettes/day (median)‡ 12.3 9.3 <0.01 — — —

   Smoking debut <18 years (%)‡ 61.4 76.2 <0.01 — — —

   Duration of cigarette use (median, years)‡ 28.1 30.0 <0.01 — — —

Snus             

  Past use (%) 6.6 11.1 0.02 — — —

  Current use (%) 8.2 19.3 <0.01 100 100 —

   >4 snus boxes/week (%) — — — 28.6 38.2 <0.01

   Duration of snus use (median, years)§ — — — 16.6 19.5 0.06

*All variables were adjusted for sex and age (continuous, years) via quantile and logit models (for continuous and categorical variables, 
respectively) and predicted at the median age of tobacco users in 1986, 1990, 2014 and 2022 (44.8 years).
†P values were obtained from the above- mentioned quantile and logit models.
‡Restricted to regular smokers. Smoking debut was defined as the age at which participants started to smoke cigarettes.
§Restricted to the surveys in 1990 and 2014 to 2022, since no question on snus duration was included in the survey in 1986.
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seen among cigarette smokers and snus users over time, 
as they had higher educational and BMI levels, were less 
often married or co- habiting, and had less often hyper-
tension. However, the cigarette smokers were markedly 
less well- educated and less often married or co- habiting 
than the snus users and the population at- large; they also 
had a less positive development with respect to hyper-
tension. As such, especially in relative terms, a cigarette 
smoker can be seen as unhealthier today than he or she 
was 30 years ago. On the other hand, modern- day ciga-
rette smokers were more often occasional users and had 
lowered their smoking intensity but not their smoking 
duration. In contrast, both the duration and intensity of 
snus use had increased over time.

Practical implications
The observed decline in cigarette smoking is extremely 
beneficial for public health in northern Sweden, due 
to the established link between cigarettes and adverse 
health outcomes (eg, cardiovascular disease, lung disease, 
diabetes and cancer).1–5 It should, however, be noted that 
the overall disease risk for a cigarette smoker might be 
greater today than it was in the past, given the co- exis-
tence with other unhealthy characteristics and a greater 
clustering of risk factors. A recent study also concluded 
that the relative importance of cigarette smoking in the 
development of cardiovascular diseases has increased 
over time, especially with respect to coronary heart 
disease.27 These two reasons, together with the low preva-
lence of cigarette smoking in northern Sweden, indicate 
that the time is now for a cost- effective and logistically 
plausible smoking cessation intervention programme 
on the individual level. Beyond conventional cigarettes, 
electronic cigarettes have become increasingly common 
(used by 5%–8% of 16–29- year- olds and by 0%–2% of 
30–84- year- olds, according to contemporary data from the 
Public Health Agency of Sweden).28 Studies examining 
the association between electronic cigarettes and chronic 
diseases are limited and show inconsistent results.29 30 
However, given the short- term effects of electronic ciga-
rettes in experimental studies, including airway inflam-
mation and obstruction, endothelial dysfunction and 
arterial stiffness,31 32 such exposure- outcome associations 
are likely to manifest in due time. Therefore, a continued 
monitoring of the population’s use of both conventional 
and electronic cigarettes is highly important.

The health effects of snus are not as well- established 
as the health effects of cigarettes; however, several 
studies have noted an association between snus use and 
increased risk of diabetes, overall mortality and cardio-
vascular mortality.7–12 A continued monitoring of the 
population’s snus habits is, therefore, equally important 
to that of its smoking habits, especially considering that 
snus use is now becoming very common and that even 
minor hazardous effects could have significant public 
health implications. In that regard, it is encouraging that 
the percentage of male snus users in the NS- MONICA 
study seems to have hit a plateau. Beyond conventional 

snus, so- called tobacco- free (nicotine) snus has become 
popular during the last decade, particularly among young 
women (used by 18% of 16–29- year- olds in 202228), and 
its use and health effects also need to be monitored going 
forward.

Strengths and limitations
The primary strength of this study was the large number 
of participants who were recruited at eight different occa-
sions over a 36- year time period. Another strength was 
that the main questions on cigarette smoking and snus 
use were identical in all surveys. 

A number of limitations must be mentioned. First, 
similar to most epidemiological studies,33 the NS- MONICA 
cohort has had decreasing participation rates over time 
(81% in 1986, 47% in 2022), questioning the represen-
tativeness of the later NS- MONICA surveys. As detailed 
in the supplementary material, the non- participants in 
the NS- MONICA study up until 2009 were more likely 
to be regular cigarette smokers, with non- participant- to- 
participant percentage point ratios of 1.15 to 1.48 in men 
and 1.14 to 1.54 in women. In 2022, the corresponding 
ratios were 0.54 in men and 1.03 in women. These two 
ratios should be interpreted with caution, due to the 
small numbers on which they were based on (around 
one- tenth of all non- participants), and do not exclude the 
possibility that non- participants in 2022 were also more 
likely to be regular cigarette smokers, meaning that the 
actual percentages in Norrbotten and Västerbotten could 
be higher than what we observed. However, as exempli-
fied in our sensitivity analyses, a substantial change in the 
observed results would only have occurred if participation 
rates had been above 80% and if regular smoking had 
been twice as common in non- participants as in partic-
ipants. Second, irrespective of participation rates, we 
used self- reported tobacco data, leaving the possibility of 
misclassification due to social desirability bias. If present, 
that type of bias should have affected cigarette smoking 
and snus use differentially over time, given that the 
former habit was very common and socially accepted in 
the first surveys and the later habit was very common and 
socially accepted in the last surveys. With that said, the 
main tobacco questions in the NS- MONICA study have 
been validated with good results.21 Third, the question on 
electronic cigarettes was only included in 2022, hindering 
time- trend analysis. The sampling frame is also likely to 
have excluded the majority of electronic cigarette users, 
since the NS- MONICA participants were 25 years or older. 
Finally, the questionnaire did not differentiate between 
conventional and tobacco- free snus, leading to a mixture 
of both types among snus users in 2014 and 2022 (which, 
in turn, could be a partial explanation to the marked age 
gradient in women).

CONCLUSIONS
A substantial decline in cigarette smoking has occurred 
over time in northern Sweden, particularly among men 
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and more notably in Västerbotten. In contrast, snus use 
has become increasingly common in both sexes and in 
both counties. A continued monitoring of the popula-
tion’s tobacco use is important for the public health, with 
the purpose to promote sustained reductions in conven-
tional cigarette smoking without simultaneous increases 
in snus use (conventional and tobacco- free) or electronic 
cigarette use.
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