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Objective. To explore the effect of tobacco use

(smoking and smokeless tobacco) and cessation on

body weight.

Design. Cross-sectional and prospective follow-up

study.

Setting. Northern Sweden.

Subjects. A total of 2993 men aged 25–64 years

who participated in the northern Sweden MONICA

study in 1986, 1990 or 1994, 1650 of whom were

followed up in 1999.

Main outcome measures. The prevalence of over-

weight [body mass index (BMI) ‡ 27] amongst

tobacco users was compared with nonusers at

entry into the study. The average annual

percentage weight gain amongst men was also

determined according to tobacco use both at entry

and at follow-up, and the development of

overweight amongst tobacco-use groups was

reported using standardized incidence ratios.

Results. Smokers who quit tobacco during the

follow-up period gained significantly more weight

than smokers who switched to snus (annual gain

0.96% vs. 0.51%, P < 0.05). At entry, ex-smokers

had higher prevalence of overweight than nonusers

of tobacco [prevalence ratio (PR) ¼ 1.24, 95%

confidence interval (CI) ¼ 1.10–1.40]. Snus users

had slightly higher prevalence of overweight at

entry (PR ¼ 1.20, CI ¼ 1.01–1.42). Snus users

who quit gained more weight than nonusers

(0.70% vs. 0.44%, P < 0.05) or those who

continued to use snus (0.42%).

Conclusions. Cessation of tobacco, either cigarettes

or snus, leads to significantly increased weight gain.

However, snus use may play a role in lowering the

weight gain following smoking cessation.

Keywords: overweight, smokeless tobacco, smoking,

smoking cessation, snus.

Introduction

In developed countries, smoking and excess body

weight are two of the most important risk factors for

chronic diseases and premature death. Both of these

factors have strong behavioural determinants, but

neither has been controlled well by population-based

approaches to behaviour change [1]. Although the

prevalence of smoking has declined modestly in

some countries over the past 30 years, the preval-

ence of overweight and obesity have risen steadily,

and there is evidence that these two trends are

partly related [2].

The population of Sweden is not immune to the

problem of overweight and obesity [3], but patterns

of smoking are somewhat different than those of

other developed countries. Specifically, men in

northern Sweden have remarkably low smoking

prevalence and very high prevalence of smokeless

tobacco use, mainly in the form of Swedish moist

snuff or snus [4]. Furthermore, snus use appears to

have played a prominent role in the high smoking

cessation rate in this population [5]. Numerous

studies have documented that cigarette smoking

suppresses body weight, and that cessation is

commonly followed by substantial weight gain.

Journal of Internal Medicine 2004; 255: 102–107

102 � 2004 Blackwell Publishing Ltd



However, very little is known about the influence of

snus use on weight, or about the weight gain

consequences of long-term snus use after smoking

cessation. The purpose of this study was to investi-

gate overweight and weight gain amongst men in

northern Sweden, according to patterns of smoking,

snus use and transitions between these forms of

tobacco use.

Methods

This study used data from the northern Sweden

component of the World Health Organization

MONICA (Multinational Monitoring of Trends and

Determinants in Cardiovascular Diseases) study.

Briefly, information was collected during four pop-

ulation-based surveys in 1986, 1990, 1994 and

1999. In addition, follow-up information on about

70% of participants from the first three surveys was

collected in 1999, with durations of follow-up of 5, 9

and 13 years (1994, 1990 and 1986 cohorts,

respectively) [5].

Subjects were randomly selected from population

registers, stratified for age (25–64 years in the first

two surveys and 25–74 years in the latter two

surveys) and gender, in the two most northern

counties of Sweden (Norrbotten and Västerbotten;

target population 320 000 in 1999). Details of

sampling and selection appear elsewhere [5–7].

Participants completed a questionnaire that was

focused on cardiovascular disease risk factors.

Weight and height measurements were completed

and recorded by study personnel both at entry and

at follow-up, and these procedures were subject to

thorough MONICA quality control assessments [8].

As the primary focus of the present report is on the

influence of smoking and snus use on weight gain,

we limited the present analyses to men aged 25–

64 years.

Responses to tobacco-related questions were used

to designate three mutually exclusive categories of

snus users: ex, current and never; and three

identical categories of smokers. Current smokers

are those who smoked at least one cigarette daily,

ex-smokers are those who reported quitting

>1 month prior to completing their survey and

snus users were those who used snus each day.

Ex-users of snus were those who had used snus in

the past but who were not current users. In

reporting follow-up tobacco use, the nine possible

snus-use/smoking categories were consolidated into

four: exclusive smokers, exclusive snus users, com-

bined smokers/snus users and nonusers of tobacco.

In order to designate overweight persons in a

manner that would be appropriate for this popula-

tion, and for this study two definitions were consid-

ered. The first designated overweight subjects as

those who had body mass index [BMI ‡ 25; (weight

in kilograms/height in metres2)]. Almost 60% of all

subjects were overweight using this definition,

which would have resulted in low specificity and

obscured differences in the incidence and prevalence

of overweight between tobacco-use groups. The

second definition designated as overweight subjects

with a BMI ‡ 27. Only 35% of subjects were

overweight according to this definition, so BMI

27+ was used as the more discriminating and

informative measure.

The prevalence of overweight at entry for all years

combined was determined for groups of former or

current tobacco users and for never users of tobacco

(reference group), and the results were reported as

prevalence ratios [95% confidence interval (CI)]. For

ex-smokers we calculated overweight prevalence

and prevalence ratios (PR) overall and according to

the number of years elapsed since quitting.

For subjects who had follow-up information,

weight measurements at entry and at follow-up were

used to calculate their average annual percentage

weight gain according to the following formula:

(weight at follow-up ) weight at entry) · 100/

(weight at entry)/(years of follow-up). Results are

reported according to tobacco status at entry and at

follow-up.

After exclusion of subjects who were overweight

at entry, we assessed the development of over-

weight during the follow-up period, according to

tobacco use at entry and at follow-up, with never

users of tobacco as the reference group. Using

observed and expected numbers of overweight

subjects, the results were reported as standardized

incidence ratios (SIR).

Prevalence results were adjusted for age and entry

year, as there was a secular trend of increasing body

weight during the study period. Incidence results

were adjusted for age and years of follow-up. All

adjustments were made by the direct method.

This study was approved by institutional review

boards at Umeå University and the University of

Alabama at Birmingham.
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Results

The MONICA study included 3030 men aged 25–

64 years in the four entry years. Of these, 32 were

excluded because of missing information on tobacco

use, and five because of incomplete information on

BMI, resulting in 2993 subjects in the prevalence

part of the study. Of the 2296 men in the 1986,

1990 and 1994 entry cohorts who were eligible for

follow-up, 1662 completed the survey in 1999 and

1650 had complete information on tobacco use and

BMI. Information on follow-up characteristics of

these subjects was described previously [5].

Table 1 shows the prevalence of overweight at

entry amongst men according to tobacco-use cate-

gory, adjusted for age and survey year. Overweight

prevalence was 32% amongst never users of

tobacco. The prevalence amongst smokers was

lower (29%), and the PR was lower, although not

significantly (PR ¼ 0.87, CI ¼ 0.73–1.03). Over-

weight prevalence was higher both amongst users of

snus (PR ¼ 1.20, CI ¼ 1.01–1.42) and amongst

combined users (PR ¼ 1.25, CI ¼ 1.03–1.63).

Ex-smokers were more commonly overweight (PR ¼
1.24, CI ¼ 1.10–1.40), and there was no difference

between those using snus and ex-smokers who were

tobacco-free. Table 2 shows the prevalence of over-

weight amongst ex-smokers according to the num-

ber of years elapsed since quitting smoking. In

general, prevalence was higher in ex-smokers who

had quit more recently (1–5 years) and lower

amongst those who had been smoke-free for longer

periods.

Table 3 shows the average weight and BMI at entry

for subjects according to tobacco use and also reports

weight gain during the follow-up period according to

tobacco use at follow-up. Weight gain is expressed as

an annual percentage to accommodate for initial

weight and the length of follow-up, and these values

are adjusted to the age distribution of the reference

group (never users of tobacco). This group had a

mean weight of 80.5 kg and gained an average of

0.44% per year. Smokers had the lowest mean weight

at entry (78.9 kg). Continuing smokers showed

slightly lower weight gain (0.33%) and smokers

who switched to snus had slightly higher weight gain

(0.51%) than the reference group, but neither differ-

ence was statistically significant. However, smokers

who quit tobacco experienced the highest annual

gain of all groups (0.96%), which was significantly

higher than both the reference group (0.44%) and

those smokers who switched to snus (0.51%,

P < 0.05). Snus users at entry had a mean weight

of 81.1 kg, and weight gain amongst continuing

users (0.42%) was the same as that of the reference

group. However, snus users who quit tobacco showed

higher annual gains than never users (0.70% vs.

0.44%, P < 0.05). Combined users who quit tobacco

also showed elevated annual gains (0.86%), but this

was based on small numbers. Weight gain amongst

subjects who were ex-smokers and ex-users of snus at

entry was 0.44 and 0.29%, respectively.

Table 4 shows the development of overweight

during the follow-up period amongst men who were

not overweight at entry, according to tobacco-use at

Table 1 Prevalence ratio of overweight amongst men aged 25–

64 years according to mutually exclusive tobacco use at entry

Tobacco use

Overweight/

total Prevalence

Prevalence

ratioa (95% CI)

Never use 335/1047 32.0 1.00b

Current tobacco users

Smokers 137/478 28.7 0.87 (0.73–1.03)

Exclusive

snus users

96/295 32.5 1.20 (1.01–1.42)

Combined users 47/121 38.8 1.25 (1.03–1.63)

All ex-smokers 382/907 42.1 1.24 (1.10–1.40)

No current

tobacco

249/589 42.3 1.23 (1.07–1.40)

Current snus 133/318 41.8 1.33 (1.14–1.55)

Ex-snus users 42/145 29.0 0.93 (0.71–1.21)

aAdjusted for age and entry year. bReference group.

Table 2 Prevalence ratio of overweight amongst men ex-smokers

aged 25–64 years at entry, according to current tobacco use and

years since quitting

Tobacco use

Overweight/

total

Pre-

valence

Prevalence

ratioa (95% CI)

Never use 335/1047 32.0 1.00b

Ex-smokers

No current tobacco

Quit 1–5 years 51/112 45.5 1.40 (1.11–1.75)

Quit 6–10 years 35/103 34.0 1.03 (0.77–1.38)

Quit >10 years 152/345 44.1 1.29 (1.10–1.50)

Current snus

Quit 1–5 years 42/91 46.2 1.55 (1.23–1.93)

Quit 6–10 years 31/66 47.0 1.42 (1.08–1.88)

Quit >10 years 52/139 37.4 1.15 (0.91–1.45)

aAdjusted for age and entry year. bReference group. Year of

quitting was available for 856 of 907 ex-smokers.
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entry and at follow-up. The results are reported as

SIRs adjusted for age and years of follow-up.

Compared with the reference group of never users

of tobacco, smokers who continued or switched to

snus had slightly lower SIRs for development of

overweight during follow-up, but smokers who quit

tobacco entirely had a significantly elevated SIR

(SIR ¼ 198, CI ¼ 124–299). SIRs were elevated

slightly amongst snus users who continued

(SIR ¼ 120, CI ¼ 84–167) and amongst those

who quit tobacco during follow-up (SIR ¼ 142,

CI ¼ 78–264). Amongst the latter group there was

little difference between those who had smoked

previously (SIR ¼ 143, CI ¼ 46–333) and those

who had never smoked (SIR ¼ 162, CI ¼ 65–334).

The SIRs amongst ex-smokers and ex-users of snus

at entry who remained tobacco-free during follow-

up were 94 and 82, respectively.

Discussion

Smoking is widely recognized as the most important

preventable cause of premature death in industrial-

ized societies. But smoking is associated with the

health-positive status of lower weight, and quitting

smoking is associated with significant weight gain.

In fact, smoking cessation was estimated to be

responsible for about one quarter of the increase in

prevalence of overweight amongst men in the USA

during the 1980s [2]. Smokers in this study

conformed with those of other Swedish and Ameri-

can studies in showing lower mean weight and/or

BMI [1, 2, 8, 9] and lower prevalence of overweight

[2, 9], and they gained weight over the follow-up

period at the same rate as nontobacco users [1, 2].

In addition, this study confirmed findings from other

studies that smokers who quit tobacco have higher

mean weight/BMI [1, 2, 8, 10, 11] and have higher

prevalence of overweight [1, 2]. We found that

smokers who quit tobacco entirely had an average

weight gain of 6.8 kg during the 9-year follow-up

period. Recent studies have reported a range of

weight gain amongst ex-smokers from 3 to 10 kg

[1, 2, 12, 13], although direct comparisons between

studies are difficult because of differences in popu-

lation age and duration of follow-up. A substantial

proportion of the weight gain and the tendency

towards overweight occur shortly after cessation

[2, 12], and the results suggest that the prevalence

of overweight amongst ex-smokers declines towards

Table 3 Weight gain during

follow-up amongst men aged

25–64 years
Tobacco status at entry

[mean weight (kg) and BMI]a

Weight gainb at follow-up amongst tobacco users (n)

Smoking Snus Combined use No tobacco

Never user (80.5 and 25.8) )0.12 (4) 0.24 (10) – 0.44 (589)c

Current tobacco users

Smoker (78.9 and 25.4) 0.33 (130) 0.51 (29) 0.63 (17) 0.96 (65)*

Snus user (81.3 and 26.2) 0.14 (6) 0.42 (233) 0.66 (10) 0.70 (63)*

Combined users (81.8 and 26.3) )0.20 (4) 0.39 (29) 0.51 (26) 0.86 (8)

Ex-tobacco users

Ex-smokers (82.8 and 26.3) 0.16 (15) 0.55 (26) 0.84 (1) 0.44 (313)

Ex-snus users (82.6 and 26.3) 0.84 (3) 0.79 (5) – 0.29 (65)

*P < 0.05. aAdjusted to the age and entry year distribution of never users of tobacco. bAverage

annual percentage, based on weight at entry and adjusted to the age distribution of the reference

group. cNo adjustment was performed in cells with £6 observations.

Table 4 Standardized incidence ratios (SIR)a of development of

overweight during follow-up amongst men aged 25–64 years

according to tobacco use at entry and at follow-up

Tobacco status

At entry

At

follow-up n

Observed/

expected

SIR

(95% CI)

Never No tobacco 411 78/– –

Smoking Smoking 93 15/16.99 88 (49–145)

Snus 23 4/4.93 80 (22–205)

No tobacco 53 22/11.09 198 (124–299)

Snus Snus 152 35/29.13 120 (84–167)

No tobacco 39 12/7.95 142 (78–264)

Ex-smokers No tobacco 18 5/3.50 143 (46–333)

No smokers No tobacco 21 7/4.33 162 (65–334)

Ex-smokers No tobacco 189 35/37.27 94 (66–131)

Ex-snus No tobacco 43 7/8.50 82 (33–169)

aAdjusted for age and years of follow-up.
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that of nonusers of tobacco with increasing duration

of the postcessation period [2].

Nicotine replacement therapy with gum [14–18],

patch [19–21] or nasal spray [22] is associated

with a reduction in the initial weight gain related

to smoking cessation. These studies are largely

based on weight assessments during several weeks

of temporary use of nicotine replacement medica-

tions in conventional cessation programmes,

although there is evidence of weight suppression

with gum use for 1 year [12]. This study provides

evidence that weight gain is reduced amongst ex-

smokers who use snus to maintain cessation. In

this population snus use has played a prominent

role in smoking cessation amongst men [4, 5];

perhaps this form of nicotine maintenance has

played a role in lowering postcessation weight gain

as well. In this study smokers who switched to snus

during the follow-up period had significantly lower

weight gain (0.51% per year and 3.6 kg over

9 years) than smokers who became tobacco-free

(0.96% and 6.8 kg). In addition, overweight inci-

dence was not elevated in either smokers who

switched to snus or continuing snus users, but

there was a trend towards increased SIRs in

smokers and snus users who quit. However, the only

group with significant overweight elevation in

follow-up were smokers who quit tobacco. One of

the results contradicted a weight suppressive effect of

snus use in smoking cessation. At entry ex-smokers

were more likely to be overweight (PR ¼ 1.24,

CI ¼ 1.10–1.40), regardless of whether they were

using snus or had quit tobacco entirely.

Snus users who had no smoking history had

slightly higher prevalence of overweight at study

entry, than never tobacco users. This was also seen

amongst snus users in another large population

survey from Sweden [9], although two other

Swedish studies did not find any significant differ-

ences in mean BMI between snus users and nonus-

ers of tobacco [10, 11]. In this study, snus users had

only a slightly higher mean weight than nonusers of

tobacco at entry (81.3 and 80.5 kg, respectively),

and those who continued to use the product had a

weight gain of 0.42% per year on average (for a

total of 3.1 kg over the 9-year follow-up period),

which was similar to the reference group, nonusers

of tobacco (0.44% and 3.2 kg). In contrast, signifi-

cantly higher weight gain was recorded in snus

users who were tobacco-free at follow-up (0.70%

and 5.1 kg), another indication of weight gain

associated with nicotine abstinence.

The major strengths of this study are the homo-

geneity of the population, the standardized data

collection in MONICA surveys, and the accurate and

consistent definitions of tobacco use. Recall bias was

not a factor as all weight measurements were

recorded by study personnel, and these were subject

to thorough MONICA quality control procedures [8].

A limitation of the study is that a change in tobacco

status could have occurred at any time during

follow-up. Thus, the annual percentage weight gain

data, which is based on the entire follow-up period,

underestimates the rate of increase immediately

after tobacco cessation or change.

In summary, the health benefits of quitting

smoking are considerable but may be partially

negated by the weight gain following cessation,

depending on the magnitude of the gain [1]. In

addition, sustained smoking cessation in some

individuals may be seriously jeopardized by the

cosmetic impact of weight gain [1], so its control is

important from both perspectives. This study sug-

gests that primary snus use does not have major

implications for weight gain, and furthermore that

smokers who switch to snus may avoid some of the

excess weight gain conventionally associated with

smoking cessation. Results from previous studies

show that snus use has served as a very effective and

permanent nicotine substitute for smoking cessation

amongst men in northern Sweden [4, 5]. Thus, snus

use may have the dual effects of enhancing smoking

cessation and minimizing the consequential effect of

weight gain.
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