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Objectives   This study attempted to identify changes in exposure to environmental tobacco smoke, as well as 
symptoms and attitudes among hospitality workers after the introduction of extended smoke-free workplace 
legislation. 
Methods   A total of 37 volunteers working in bingo halls and casinos (gaming workers) and 54 bars and res-
taurant employees (other workers) in nine Swedish communities participated in the study. Altogether 71 of  91 
persons (14 daily smokers and 57 nonsmokers) participated in both the preban baseline survey and the follow-up 
12 months after the ban. Exposure to environmental tobacco smoke, smoking habits, respiratory and sensory 
symptoms, and attitudes towards the ban were recorded, and spirometry was carried out. 
Results   The frequency of reported respiratory and sensory symptoms was approximately halved among the 
nonsmokers in both occupational groups after the introduction of the ban. Initially 87% had exposure to envi-
ronmental tobacco smoke that was over the nicotine cut-off level chosen to identify possible health risk (<0.5 
µg/m3), while, after the ban, it was only 22%, a relative risk of 0.25 (95% confidence interval 0.15������������ –����������� 0.41). The 
risk decreased in both occupational groups, but gaming workers experienced the highest preban exposure levels. 
Attitudes towards the legislation were largely positive, particularly after the ban. However, there was no notable 
change in lung function, and there was no notable reduction in the number of cigarettes consumed by smokers.
Conclusions   The introduction of smoke-free legislation was associated with a substantial reduction in respira-
tory and sensory symptoms, as well as reduced exposure to environmental tobacco smoke at work, particularly 
among gaming workers. 
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Several European countries, including Ireland, Norway, 
Italy, and Spain, have introduced a policy to eliminate 
smoking from workplaces and public buildings, in-
cluding bars and restaurants (1–3). Sweden extended 
its smoke-free workplace policy to include hospitality 
workers, such as bar and restaurant personal, on 1 June 
2005. Workers in the hospitality sector may experience 
particularly high levels of exposure to environmental 
tobacco smoke (4, 5), with exposure to airborne nicotine 
concentrations of up to 18.5 times higher than in offices 

or domestic residences (6). It is therefore important 
to assess the effects of the smoke-free legislation on 
workers in this sector. Previous research has mainly 
investigated bar workers (2, 7–9), while this study also 
includes casino and bingo hall workers, who are seldom 
examined in this context (10).

The rate of respiratory symptoms among hospitality 
workers is notably elevated due to exposure to envi-
ronmental tobacco smoke (11). As a reduction in expo-
sure to environmental tobacco smoke may reduce the 
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frequency of respiratory and sensory symptoms among 
bar workers (2, 7–9), a similar benefit may be observed 
among Swedish hospitality workers. In the context of 
examining the change in the rate of such symptoms, it 
is important to establish whether the introduction of the 
legislation is accompanied by a real reduction in envi-
ronmental tobacco smoke. In Norway, similar legislation 
(12) was associated with a reduction in particulate levels 
in bars and restaurants from an average of 262 µg/m3 to 
77 µg/m3, a 70% reduction. Mulcahy et al (13) measured 

changes in airborne nicotine levels as a result of the Irish 

smoke-free legislation, and they found a reduction of ap-
proximately 83%. Attitudes towards the legislation may 
also be important in determining its long-term success. 

In addition to associations with acute respiratory and 
sensory symptoms, it is possible that the reduced expo-
sure to environmental tobacco smoke that is associated 
with legislation may have more profound health effects. 
Some studies indicate that a reduction in exposure to 
environmental tobacco smoke can result in modest 
improvements in respiratory function (2, 7, 9). There is 

some evidence that exposure to environmental tobacco 
smoke is linked with an increased risk for a variety of 
diseases, including coronary artery disease (14, 15), 
obstructive lung disease (16–18), stroke (19), and lung 
cancer (20, 21). 

This study evaluated the influence of the smoke-free 
legislation among a sample of hospitality workers in 
Sweden by examining the change in the rate of respira-
tory and sensory symptoms among the same persons be-
fore and 12 months after its introduction. As part of the 
assessment of compliance, the levels of environmental 
tobacco smoke were monitored at the workplaces in-
volved in the study. As airborne nicotine concentrations 
may be important in determining mutagenicity (10, 22), 
we set cut off-levels that have been estimated as risk rel-
evant to a potent bladder carcinogen , 4-aminobiphenyl 
(4-ABP) (22), as a general marker of potential disease 
risk. Spirometry was used to assess any change in lung 
function, and questionnaires recorded information on 
tobacco use and exposure to environmental tobacco 
smoke at work and during leisure time, as well as at-
titudes towards the legislation.

Study population and methods

The sample was broadly representative of Sweden, and 
staff were enrolled who were working in bars, restau-
rants, and bingo halls in nine communities throughout 
Sweden. A baseline survey was performed 1 month 
before the ban (April–May 2005), and data were again 
collected 12 months later (April–May 2006). Both non-
smokers and daily smokers were included. The research 
ethics committee of the Faculty of Medicine, Umeå, 
Sweden, approved the study.

Participant selection

The characteristics of the participants are described 
in table 1. The volunteers were recruited through two 
routes. A trade union (Hotell och Restauranganställdas 
Förbund) forwarded information to members about the 
study, asking them to contact the research team if they 

were interested in participating. A restaurant and hotel 
chain (Scandic) also helped to recruit volunteers from 
among its staff.

The inclusion criteria included working as a waiter, 
bar staff, or croupier in a restaurant, bar, nightclub, ca-
sino, or bingo hall, where a smoke-free policy was not 
implemented before the legislation came into force. 

Smokers and nonsmokers were included, but occa-
sional smoking was an exclusion criterion (smoking in 
the last 12 months but not daily), as high variation may 
confound associations with symptom frequency. Snuff 

Table 1. Characteristics of the participants.

Characteristic	 Preban a (N=91)	 12 months postban b 
(N=71)

		  N	 %	 N	 %

Female	 64	 70	 50	 70

Male	 27	 30	 21	 30

Smoker c	 24	 26	 14	 20

Nonsmoker	 67	 74	 57	 80

Daily snuff use	 3	 3	 1	 1.4

Irregular snuff use	 3	 3	 2	 2.8

Profession

Gaming worker	 37	 41	 27	 38

	 In bingo hall	 22	 24	 14	 20
	 In casino	 15	 16	 13	 18

Other worker	 54	 59	 44	 62

	 Waiter or waitress	 28	 31	 25	 35
	 Bar staff	 14	 15	 11	 15
	 Other function d	 12	 13	 8	 11

Participation rate e

Completed the questionnaire	 91	 100	 71	 100

Completed the diary	 83	 91	 61	 86

Spirometry	 90	 99	 67	 94

Nicotine in the air	 83	 91	 60	 84

Urine cotinine	 72	 79	 56	 79

a Mean 33.3 years and range 18–65 years for age; mean 33 hours and range 
0–65 hours for working the week before.

b Mean 36.5 years and range 18–65 years for age; mean 33 hours and range 
0–78 hours for working the week before.

c All of the smokers were daily smokers.
d For example, owner, discjockey, both bar worker and waiter.
e Altogether 43 participants filled out a questionnaire, kept a diary, and 

underwent spirometry, nicotine sampling, and urine cotinine sampling 
at both times.



	 Scand J Work Environ Health 2008, vol 34, no4	 269

Larsson et al

use was permitted. Other exclusion criteria were an 
already smoke-free workplace prior to implementation 
of the law and a work period shorter than three consecu-
tive days per week. We accepted all eligible volunteers 
able to participate before the introduction of the ban. 
Altogether 91 persons were investigated at the start of 
the study, and 64 (70%) of these were women. A total of 
71 (79%) persons participated at the 12-month follow-
up. At the follow-up, at least two attempts were made to 
contact the earlier participants. Of those participating 
at both times, 44 of the 67 nonsmokers and 10 of the 
14 smokers provided air samples for nicotine on both 
occasions.

Data collection

Institutions, predominantly pulmonary clinics, were 
contacted by mail or telephone, and those willing to 
participate were involved as data collection centers. 
They were situated throughout Sweden, including in its 
seven largest communities (with the number of partici-
pants investigated) as follows: 21 in Stockholm, 19 in 
Göteborg, 6 in Malmö, 5 in Uppsala, 13 in Västerås, 5 in 
Linköping, 6 in Örebro, 7 in Östersund, and 9 in Skövde. 
The participants visited their local participating clinic 
to complete the questionnaire and diary and undergo 
spirometry, both before and after the introduction of the 
legislation. Nicotine samplers and test tubes for urine 
samples were also issued at these times. It was planned 
that spirometric data would be collected at the end of the 
workday, but, due to irregular shift times, the collection 
at this time was only possible for approximately 50% of 
the participants, and the remaining data were collected 
the following day.

Screening of unreported tobacco product use by urine 
cotinine 

Samples of urine, obtained at the end of a workshift, 
were immediately frozen and sent to the laboratory, 
where cotinine assays were performed using liquid 
extraction—gas chromatography–mass spectrometry 
(23). Data on smoking and wet snuff use, as well as 
nicotine replacement therapy, were collected from the 
questionnaires. The time and duration of workshifts and 
the time of the collection of the urine samples were also 
recorded. Cut-off values for cotinine levels distinguish-
ing smokers from nonsmokers vary in the literature; a 
national survey of the United States population used 

15 ng/ml (85.2 nmol/l) of serum cotinine as the cut-off 
(24). Heavy exposure to environmental tobacco smoke 
may produce serum cotinine concentrations as high as 
31.3 ng/ml (25, 26). The corresponding urinary coti-
nine value is approximately 6.5 times as high (27). We 
defined nontobacco users as those who reported being 

currently nonsmokers (or nonsnuff users) with a urinary 
cotinine concentration below 100 ng/ml.

Respiratory and sensory symptoms

We used questions (presented in table 2) developed by 
the International Union Against Tuberculosis and Lung 
Disease to quantify symptoms; they have been used 
in similar studies (1, 7, 28). The participants reported 
the presence or absence of symptoms in two domains 
(respiratory and sensory) in the preceding 4 weeks. The 
same questions were used in the baseline and follow-up 
examinations. 

Measurement of exposure to environmental tobacco 
smoke

Nicotine in the air. The nicotine vapor phase was mea-
sured using passive samplers for environmental tobacco 
smoke, which are composed of a 37-mm diameter plas-
tic filter cassette (with a windscreen on one side) that 
contains a Teflon-coated glass-fiber filter treated with 
sodium bisulfate (22, 29, 30). In the subgroup of non-
smokers, the samplers were placed in the breathing zone 
on the left-hand side of the participants, who wore them 
during the workday for a period of 2 to 4 days. Among 
the smokers, the samplers were placed in the workplace 
for a similar duration rather than being worn so that 
contamination by the participants’ smoking would be 
avoided. The samplers were placed according to written 
instructions given to the participants (30). The analysis 
of the samplers was performed at the Department of 
Occupational and Environmental Medicine, Örebro 
University Hospital, Sweden. The limit of detection 
was 0.0025 μg/sample. The nicotine air concentration 
(μg/m3) was obtained by using the sampler uptake rate 
(24 ml/minute) and the time the filter had been exposed; 
thus the duration of exposure was standardized. The 
method has previously been fully described, and it has 
been validated and used in several studies (22, 29–31).

We estimated how many participants were over a 
cut-off level for nicotine in the air relevant to previ-
ously defined disease risk. A potent bladder carcinogen, 
4-aminobiphenyl (4-ABP), is present in environmental 
tobacco smoke and has been shown to bond covalently to 
hemoglobin (22). We chose a cut-off level for nicotine in 
the air (≥0.5 µg/m3), previously identified as indicating 
potentially hazardous levels of 4-ABP (22).

Self-reported exposure. Exposure to environmental to-
bacco smoke at work, at home, and in other localities 
over the previous 7 days was recorded in the question-
naire, including information on whether the participants 
lived with a smoker. Exposure during workhours was 
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recorded in a diary for three consecutive days during 
both periods. 

Attitudes towards the legislation on environmental 
tobacco smoke

At both examinations, the participants reported their at-
titude towards the legislation on environmental tobacco 
smoke using a scale from 0 to 100, on which a higher score 
indicated a more positive response. In our analyses, we 
dichotomized the score at 75 to define general satisfaction 
with the legislation. The question was “What is your opin-
ion of the tobacco smoking legislation?”, with requested 
comments on the participant him- or herself, hospitality 
workers in general, the employer, and the clients.

Spirometry

All of the participants underwent a spirometric examina-
tion; they were assessed in one of the nine recognized 

pulmonary function clinics used by the study. All of 
the clinics followed written instructions from the study 
coordinator, which were based on guidelines of the 
European Respiratory Society (32), and it included in-
structions about calibration and measurements of forced 
expiratory volume in 1 second (FEV1) and forced vital 
capacity (FVC). The same spirometer was used pre- and 
postban for all of the participants. The FEV1 value, as 
well as the FVC, was recorded before and 15 minutes 
after the inhalation of 0.4 mg of salbutamol (or 0.8 mg 
of terbutalin). The highest FEV1 and FVC values from 
at least three attempts were recorded. 

Statistical analysis

We examined the characteristics of the participants us-
ing cross-tabulation, and statistical significance was as-
sessed by the chi-square test. The test for trend was used 
to estimate changes in tobacco consumption. All of the 
analyses were performed for the total sample, as well as 

Table 2. Symptoms of the hospitality workers before and after the ban. (OR = odds ratio, 95% CI = 95% confidence interval, Question 1: 
Have you had whistling or wheezing in your chest?, Question 2: Have you felt short of breath?, Question 3: Do you usually cough the first 
thing in the morning?, Question 4: Do you cough at all during the rest of the day?, Question 5: Do you bring up phlegm?, Question 6: In 
the past 4 weeks, have your eyes been red or irritated?, Question 7: Have you had a runny nose, sneezing, or nose irritation?, Question 
8: Have you had a sore or irritated throat?)

Preban Postban

Total sample at 
preban baseline 

(N=91)

Preban sample 
with postban data 

(N=71; 78%)

Preban sample 
with postban data 

(N=71; 78%)

All Nonsmokers Smokers

Non-
smok-

ers 
(N=67)

Smok-
ers 

(N=24)

Non-
smok-

ers 
(N=57)

Smok-
ers 

(N=14)

Non-
smokers 
(N=57)

Smok-
ers 

(N=14)

N % N % N % N % N % N % OR a 95% CI OR a 95% CI OR a 95% CI

Ques
tion 1

10 14.9 9 37.5 9 15.8 3 21.4 6 10.5 5 35.7 A 0.64 b

B 0.85 b
A 0.23–1.80 b

B 0.28–2.52 b
A 0.58 b

B 0.56 b
A 0.17–1.97 b

B 0.16–1.91 b
A 26.5 b

B 143 b
A 0.33–2134 b

B c

Ques
tion 2

11 16.4 4 16.7 11 19.3 3 21.4 6 10.5 3 21.4 A 0.53 b

B 0.44 b
A 0.16–1.71 b

B 0.13–1.42 b
A 0.50 b

B 0.642 b
A 0.13–1.93 b

B 0.11–1.63 b
A 0.66 b

B 0.52 b
A 0.06–6.83 b

B 0.05–5.67 b

Ques
tion 3

25 37.3 9 37.5 23 40.4 3 21.4 9 15.8 6 42.9 A 0.44 b, d

B 0.46 b
A 0.14–0.90 b, d

B 0.22–0.97 b
A 0.36 b, d

B 0.33 b
A 0.14–0.87 b, d

B 0.13–0.81 b
A 0.72 b

B 1.02 b
A 0.20–2.60 b

B 0.24–4.19 b

Ques
tion 4

33 46.3 14 58.3 31 54.4 8 57.1 12 21.1 6 42.9 A 0.28 b

B 0.25 b
A 0.12–0.62 b

B 0.11–0.56 b
A 0.22 b

B 0.19 b
A 0.08–0.63 b

B 0.06–0.55 b
A 0.40 b

B 0.37 b
A 0.11–1.44 b

B 0.09–1.54 b

Ques
tion 5

22 32.8 8 33.3 20 35.1 3 21.4 12 21.1 5 35.7 A 0.36 b

B 0.38 b
A 0.12–1.13 b

B 0.12–1.22 b
A 0.22 b

B 0.21 b
A 0.05–1.01 b

B 0.04–0.96 b
A 1.51 b

B 2.03 b
A 0.14–16.0 b

B 0.18–22.7 b

Ques
tion 6

34 50.7 9 37.5 29 50.9 5 35.7 9 15.8 2 14.3 A 0.12 b

B 0.11 b
A 0.04–0.38 b

B 0.03–0.38 b
A 0.09 b

B 0.09 b
A 0.02–0.39 b

B 0.02–0.40 b
A 0.24 b

B 0.21 b
A 0.03–1.86 b

B 0.02–1.75 b

Ques
tion 7

44 65.7 14 58.3 39 68.4 9 64.3 21 36.8 9 64.3 A 0.37 b

B 0.31 b
A 0.18–0.79 b

B 0.14–0.69 b
A 0.32 b

B 0.28 b
A 0.13–0.76 b

B 0.11–0.68 b
A 0.70 b

B 0.50 b
A 0.15–3.21 b

B 0.09–2.73 b

Ques
tion 8

37 55.2 7 29.2 32 56.1 3 21.4 12 21.1 7 50.0 A 0.36 b

B 0.35 b
A 0.17–0.75 b

B 0.16–0.76 b
A 0.18 b

B 0.18 b
A 0.06–0.51 b

B 0.06–0.52 b
A 1.31 b

B 1.66 b
A 0.37–4.68 b

B 0.39–7.04 b

a OR for symptoms when comparing postban to preban period.
b A includes panel data on all of those who participated in the preban examination, while B is restricted to those who participated in both the pre- and post-

ban examinations. 
c Not presented due to low precision (not statistically significant).
d The XT-logit model did not converge; hence an estimate could not be made. Therefore, we provided an estimate using logistic regression.
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for two subgroups based on occupation. Gaming work-
ers were employed in bingo halls (N=22) and casinos 
(N=15), while the remainder of the hospitality workers 
have been identified as “other workers” (N=54). 

To measure the change in respiratory and sensory 
symptoms between the data collections, we used the 
XT-logit procedure provided by Stata software (Stata 
Corporation, College Station, TX, USA). This is a form 
of logistic regression specifically developed for panel 
data for which there is an explicit time component. 
When workers participate at both time points, this tech-
nique links the data and estimates individual change. It 
can also use estimates from those who participate only 
once. Data from the 91 participants who were included 
at baseline could be used in the analyses comparing 
the population at the two time points. We also limited 
the analysis to the 71 persons who participated in both 
examinations to ensure the results were not influenced 
by attrition-associated bias. The XT-logit models were 
adjusted for age, gender, and smoking. The analysis was 
also stratified by smoking behavior. 

To estimate the reduction in the exposure to en-
vironmental tobacco smoke after the introduction of 
legislation, we used logistic regression to estimate how 
many participants were exposed above the cut-off value 
of <0.5 µg/m3 of nicotine in the air. A similar analysis 
examined the dichotomized attitude scores. When it was 
not possible to report odds ratios, with 95% confidence 
intervals (95% CI) due to empty cells, relative risks were 
reported in their place. 

Pulmonary function tests were recorded preban and 
postban and analyzed for each parameter (FEV1 and 
FVC). We compared the predicted score for the pre- and 
postban periods using the paired-sample t-test proce-
dure. We also used potentially more sensitive analyses 
to identify differences in lung function between the time 
points. To assess differences in reversible bronchial 
reactivity during the study period, delta-FEV1 was cal-
culated for the difference in capacity before and after a 
beta-2 agonist was administered. Linear regression was 
used to assess the differences in this measure, with ad-
justment for gender, age, and height. A similar analysis 
was conducted for FEV1. Smokers were excluded from 
these analyses.

The analysis was conducted using SPSS (SPSS Inc, 
Chicago, IL, USA) and Stata software. 

Results

Hospitality workers’ characteristics

Table 1 summarizes the characteristics of the partici-
pants. A total of 91 persons volunteered and fulfilled the 
inclusion criteria. Women predominated, and there were 

relatively few smokers. Persons lost to follow-up were 
somewhat younger and were more likely to be smokers, 
but they did not differ from the overall group by gender, 
and (preban) attitudes towards the legislation.

Tobacco habits

Table 1 shows that most of the participants were non-
smokers. One smoker, as well as one nonsmoker, used 
moist snuff regularly at the follow-up. No one changed 
their smoking status, and the average daily consumption 
among the smokers decreased slightly from a median 
of 17 to 15 cigarettes/day, but this reduction was not 
statistically significant (P for trend=0.788). 

Preban, the number of smokers among the gaming 
workers was 11 of 37 (30%), and postban the number 
was 6 of 27 (22%); among the other workers, 13 of 54 
(24%) and 8 of 44 (18%) preban and postban, respec-
tively, were smokers. There was no statistically sig-
nificant decline in the number of cigarettes smoked per 
day when the two occupational groups were examined 
separately.

Screening of unreported smoking or snuff use accord-
ing to urinary cotinine level

We were able to analyze urinary cotinine for 79% of 
the participants in both the preban and postban periods. 
Storage and transportation problems were the main 
reasons that we were unable to analyze all of the urine 
samples. Three persons who reported no tobacco use 
had urinary cotinine values exceeding the cut-off level 
of 100 ng/ml [one at baseline (195 ng/ml) and two oth-
ers at follow-up (283 ng/ml)]. All three were included 
in the analyses but were reclassified as smokers. Before 
the ban, urinary cotinine was under the detection limit 
for 16 of 43 (37%) nontobacco users, while, after the 
ban, it was below this limit in 29 of 43 (67%) of those 
who did not use tobacco.

Respiratory and sensory symptoms

Table 2 shows the prevalence of respiratory and sensory 
symptoms among the smokers and nonsmokers before 
and 12 months after the introduction of the ban. In the 
entire study population, all of the reported symptoms 
declined, and the decline was statistically significant for 
questions about cough in the morning, cough during the 
rest of the day, eye irritation, nose irritation, and throat 
symptoms. Using data for all of the nonsmokers (N=67) 
participating in the preban sweep gave approximately 
the same results as the analyses using only those who 
completed the questionnaire both in the preban and post-
ban examination (N=54). Among the smokers, there was 
no notable association between symptoms and period, 
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but the small number of smokers makes this result dif-
ficult to interpret. 

Table 3 shows the prevalence of the respiratory and 
sensory symptoms presented in table 2 divided into 
gaming workers and other workers. Among the gaming 
workers, the odds ratio declined more for cough in the 
morning, cough the rest of the day, and bringing up 
phlegm, while the remaining five symptoms declined 
somewhat more among the other workers. None of 
the difference between these groups was statistically 
significant.  

Exposure to environmental tobacco smoke 

Nicotine in the air. There was a reduction in the me-
dian level of nicotine measured in the air between the 
baseline and the 12-month follow-up from 7.50 µg/m3 

to 0.16 µg/m3 (12.6–0.2 µg/m3 among the smokers and 
6.2–0.2 µg/m3 among the nonsmokers). When quanti-
fied in terms of risk reduction, before the ban, 87% of 
the participants had exposure to environmental tobacco 
smoke over the nicotine cut-off level of <0.5 µg/m3, 
while, after the ban, it was only 22%, representing a 
reduced relative risk of 0.25 (95% CI 0.15–0.41) in the 
total sample. Nicotine in the air, before the ban, was un-
der the detection limit in 1 of 54 (2%) of the nontobacco 
users, while, after the ban, it was under the limit in 17 
of 54 (31%) of the nontobacco users.

Preban (all observations included), the number of 
gaming workers with exposure over the cut-off nicotine 
level of <0.5 µg/m3 was 36 of 36 (100%) persons, while, 
among the other workers, the proportion was 38 of 47 
(81%) persons, corresponding to a relative risk of 1.24 
(95% CI 1.08�������–������1.42). 

Table 3. Symptoms among the gaming and other workers before and after the ban. 

Group Preban Postban

Total sample 
at the preban 

baseline

Preban 
sample with 
postban data

Preban sample 
with postban 

data

N % N % N % OR 95% CI

Gaming workers 37 100 27 100 27 100

Question 1: Have you had whistling or wheezing in your chest? 9 24.3 6 22.2 6 22.2 A 0.97 a

B 0.98 a
0.21–4.54 a

0.20–4.81 a

Question 2: Have you felt short of breath? 9 24.3 8 29.6 6 22.2 A 0.64 a

B 0.49 a
0.12–3.42 a

0.09–2.69 a

Question 3: Do you usually cough the first thing in the morning? 15 40.5 13 48.1 5 18.5 A 0.34 a

B 0.23 a
0.10–1.10 a

0.06–0.81 a

Question 4: Do you cough at all during the rest of the day? 20 54.1 18 66.7 9 33.3 A 0.18 a

B 0.10 a
0.02–1.33 a

0.01–0.78 a

Question 5: Do you bring up phlegm? 14 37.8 12 44.4 8 29.6 A 0.26 a

B 0.19 a
0.03–2.14 a

0.02–1.61 a

Question 6: In the past 4 weeks, have your eyes been red or irritated? 15 40.5 10 37.0 4 14.8 A 0.21 a

B 0.26 a
0.05–0.95 a

0.05–1.19 a

Question 7: Have you had a runny nose, sneezing, or nose irritation? 23 62.2 19 70.4 14 51.9 A 0.62 a

B 0.39 a
0.18–2.09 a

0.10–1.45 a

Question 8: Have you had a sore or irritated throat? 20 54.1 14 51.9 9 33.3 A 0.41 a

B 0.43 a
0.14–1.18 a

0.14–1.35 a

Other workers 54 100 44 100 44 100

Question 1: Have you had whistling or wheezing in your chest? 10 18.5 6 13.6 5 11.4 A 0.58 a

B 0.76 a
0.14–2.42 a

0.17–3.38 a

Question 2: Have you felt short of breath? 6 11.1 6 13.6 3 6.8 A 0.49 a

B 0.40 a
0.09–2.58 a

0.08–2.06 a

Question 3: Do you usually cough the first thing in the morning? 19 35.2 13 29.5 10 22.7 A 0.56 a

B 0.70 a
0.22–1.39 a

0.27–1.82 a

Question 4: Do you cough at all during the rest of the day? 27 50.0 21 47.7 9 20.5 A 0.24 a

B 0.26 a
0.09–0.62 a

0.10–0.70 a

Question 5: Do you bring up phlegm? 16 29.6 11 25.0 9 20.5 A 0.45 a

B 0.56 a
0.11–1.84 a

0.13–2.39 a

Question 6: In the past 4 weeks, have your eyes been red or irritated? 28 51.9 24 54.5 7 15.9 A 0.05 a

B 0.05 a
0.01–0.41 a

0.01–0.40 a

Question 7: Have you had a runny nose, sneezing, or nose irritation? 35 64.8 29 65.9 16 36.4 A 0.28 a

B 0.28 a
0.11–0.75 a

0.10–0.74 a

Question 8: Have you had a sore or irritated throat? 24 44.4 21 47.7 10 22.7 A 0.27 a

B 0.26 a
0.09–0.81 a

0.08–0.79 a

a For symptoms when the postban period is compared with the preban period (A includes panel data of all those participating in the preban examination, 
while B is restricted to those who participated in both the pre- and postban examinations).
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There was a reduction in the median nicotine level 
measured in the air between the baseline and 12-month 
follow-up among the gaming workers from 11.0 µg/m3 
to 0.22 µg/m3 and among other workers from 2.95 µg/m3 
to 0.12 µg/m3. Among the gaming workers, 100% were 
exposed over the cut-off value before the legislation, but 
only 22% were so exposed at the follow up. This differ-
ence can be estimated as a relative risk of 0.25 (95%CI 
0.15��������������������������������������������������      –�������������������������������������������������      0.41), P-value <0.001 (odds ratio not calculated 
due to an empty cell). Among the other workers, 78% 
of the participants were over the cut-off level before the 
ban, while 23% were over the ban at the follow-up, giv-
ing a relative risk of 0.29 (95%CI 0.15���������������� –��������������� 0.55), P-value 
<0.001. 

Self-reported exposure. Before the ban, 59 of 91 (65%) 
persons reported exposure to environmental tobacco 
smoke for 75% or more of their worktime, while at the 
follow-up such exposure was the case for only 1 of 71 
(1%) persons, P<0.001). The duration of exposure to 
environmental tobacco smoke at home was unchanged 
(data not shown). 

In other localities (not at work or at home), 35 of 71 
(49%) participants reported exposure to environmental 
tobacco smoke in excess of 1 hour, while, after the ban, 
it was 7 of 71 (10%) persons, P<0.001.

Preban, there was longer exposure to environmental 
tobacco smoke at work among the gaming workers than 
among the others, P-value for trend 0.029. The duration 
of postban exposure to environmental tobacco smoke 
was similar in both groups (data not shown).

Attitudes towards the legislation on environmental to-
bacco smoke. Table 4 indicates that the number of par-
ticipants reporting that they thought that both employers 
and clients were satisfied with the legislation (a score 
of 75 or over) showed a statistically significant increase 
over the pre- and postban periods. 

The gaming and other workers’ attitudes on how the 
employer would be affected by the legislation differed 
before the ban. The proportion satisfied was 19 of 37 
(51%) among the gaming workers and 39 of 51 (76%) 
among the other workers (OR 3.1, 95% CI 1.2������–�����7.7, 
P=0.014). This difference was independent of age and 
gender, as indicated by the multivariate logistic re-
gression analysis. After the ban, this difference was 
reduced. Some 89% of the gaming workers, compared 
with 93% of other workers, were satisfied in this respect 
(P=0.528). 

Spirometry. The mean FEV1 for the nonsmokers (per-
centage of the expected value) was defined as 100% 
at the baseline, and, after 12 months, it had declined 
slightly to 99%. Among the smokers, it fell from 93% 
to 90%. The mean FVC of the nonsmokers was 93% at 

the baseline and 92% after 12 months, and, among the 
smokers, it fell from 94% to 92%.

The delta-FEV1 did not change notably or statisti-
cally significantly over the study period. The regres-
sion analysis produced adjusted coefficients of 0.020 
(95%CI -0.050�����������������������������������������      –����������������������������������������      0.090, P= 0.566) for the nonsmokers and 
-0.004 (95%CI -0.144�������������������������������     –������������������������������     0.137, P= 0.957) for the smok-
ers. Similar analyses for FEV1 and FVC did not reveal 
any notable or statistically significant association with 
period (data not shown).

Discussion 

Main findings

The fact that the implementation of the smoke-free leg-
islation was associated with a substantial reduction in 
respiratory and sensory symptoms among nonsmoking 
hospitality workers was the main finding of this study. 
The frequency of reported symptoms was approxi-
mately halved among the nonsmokers 1 year after the 
introduction of the ban. A reduction in symptoms was 
observed for both the gaming workers (who tended not 
to have been included in previous studies of exposure to 
environmental tobacco smoke) and the other hospitality 
workers. Before the implementation of the legislation, 
a higher proportion of gaming workers than other hos-
pitality workers was exposed to a potentially hazardous 
level of exposure to environmental tobacco smoke, but 
this level was substantially reduced in both occupational 
groups after the ban; this finding indicates that the leg-
islation was successful in preventing smoking at these 
workplaces. Although the workers’ attitudes towards 
the legislation were broadly positive before the ban, the 
proportion that was positive increased during the year 
following its introduction. 

There is evidence that exposure to environmental to-
bacco smoke represents a health risk (22, 33–37). It has 

Table 4. Number of “quite satisfied” persons in the total sample of 
71 hospitality workers pre- and postban. (NS = not significant)

	 Proportion being “quite satisfied”

	 Preban	 Postban

	 Propor-	 %	 Propor-	 % 
	 tion		  tion

Participant’s own situation	 67/71	 94.4	 70/71	 98.6	 0.172 (NS)
Hospitality workers’  
situation in general 	 68/70	 97.1	 70/71	 98.6	 0.552 (NS)
Situation of employer 	 47/69	 68.1	 65/71	 91.5	 <0.001
Situation of clients	 56/71	 78.9	 66/71	 93	 0.015

a c2-test.

Attitude towards					     P-value a 

the ban
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been shown that environmental tobacco smoke may be 
a risk for diseases such as bladder cancer among women 
who have never used tobacco products (22, 35). The cut-
off level for nicotine related to environmental tobacco 
smoke (<0.5 µg/m3) was chosen for use in this study 
because, above this level, the associated 4-ABP exposure 
may notably increase cancer risk (22). The proportion 
that was exposed above this level was substantially re-
duced after implementation of the legislation. 

Comparisons with other studies 

There is an increasing number of studies on the ef-
fects of smoke-free legislation on hospitality workers; 
however, many of these studies have been limited to 
bar workers (1, 7–9, 28). Studies in San Francisco in 
the United States and in Ireland (7, 9) found substantial 
decreases in self-reported exposure to environmental 
tobacco smoke at work and also reductions in respira-
tory and sensory symptoms. The reductions in salivary 

cotinine concentrations among nonsmoking hospitality 
workers in New York State (8) were of a similar magni-
tude as in the Irish study (1), but no notable changes in 
the frequency of symptoms were found in the former 
study. Self-reported symptoms decreased in our study by 
approximately 50%; this level is in accordance with the 
findings of studies from California and Ireland (7, 9). 

Our study differed from some previous studies that 
identified changes in lung function (1, 2, 7), which we 
did not detect. This difference may be because the previ-
ous studies performed measurements during or shortly 
after the workshift. Due to the centralized spirometry 
measurements in our study, that approach was not pos-
sible, and approximately 50% of the spirometry tests 
were performed either before the workshift or the next 
day. Therefore, the influence of environmental tobacco 
smoke on pulmonary function prior to the ban may have 
been underestimated if there is a close temporal relation-
ship between exposure to environmental tobacco smoke 
at work and lung function. 

Skogstad et al measured lung function before and 
after shifts (2) and reported a lower cross-shift decrease 
in some spirometric values postban compared with the 
preban period. Even when we examined the delta-FEV1 
as a potentially more-sensitive measure of the influence 
of environmental tobacco smoke on lung function, we 
saw no notable change between the pre- and postban 
periods.

In contrast with some recent studies (1, 38–40), we 
found no evidence of a reduction in exposure to environ-
mental tobacco smoke at home, but the number of par-
ticipants living with a smoker was small. The reduction 
of reported exposure to environmental tobacco smoke 
outside home and work may be due to leisure time spent 
in bars and restaurants that were also smoke-free due 

to the legislation. In contrast with the study by Braver-
man et al (41), who reported a significant decline in the 
prevalence of daily smoking among Norwegian hospital-
ity workers, the slight decrease in the median number of 
cigarettes smoked by a daily smoker (from 17 to 15/day) 
in our study was not statistically significant. However, 
the low number of smokers in our study makes it dif-
ficult to draw any firm conclusions. 

Limitations of the study

The voluntary nature of the recruitment process is likely 
to have resulted in selection bias. We do not have data on 
the characteristics or number of potential participants, 
as recruitment was through a form of advertising. Vol-
unteers may have been less likely to smoke and have 
different attitudes towards smoking and the legislation; 
therefore the population may not have been entirely 
representative of the target working population. The 
loss to follow-up may have further caused a selection 
of nonsmokers and may also have implications for the 
representativeness of nonsmokers. A larger decline in 
symptom prevalence has been shown for workers with a 
positive attitude (42); therefore, it is possible that selec-
tion bias in our study could have had this effect. We were 
able to assess the urinary level of cotinine for 79% of 
the participants, and therefore some of the participants 
could have been smokers but reported themselves as 
nonsmokers, thus underestimating the benefits of smoke-
free legislation as the greatest associations were found 
for the nonsmokers. Although the attrition of 21% is not 
negligible, it is not unexpected, as this form of work 
is often casual, seasonal, and frequent job changes are 
common (1, 28). Thus the results will be more likely to 
reflect the characteristics and views of those with a more 
stable position.

Strengths of the study 

We were able to enroll gaming workers, an occupa-
tional area hitherto very scarcely studied in this respect 
(10). The participants were enrolled from nine different 
geographic areas in Sweden, from cities with varying 
population sizes, thus representing a range of climates 
and living conditions throughout Sweden. The pre- and 
postban data collection took place among the same 
persons, employed at the same workplace, and the symp-
toms were recorded at the same time of year, thereby 
eliminating seasonal variations and some other possible 
sources of bias. We used XT-logit analysis, which is 
specifically designed for longitudinal data when there 
is an explicit time component so that repeated measures 
can be examined, even if some participants are lost to 
follow-up. The participants who were not followed up 
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did not differ from the overall group in terms of gender 
and attitudes towards the ban prior to its introduction, 
reducing the risk of bias. The reduction of exposure 
to environmental tobacco smoke was confirmed by an 
objective measurement—nicotine in the air. In this case, 
using a specific method for measuring work-related ex-
posure to environmental tobacco smoke meant that only 
exposure at work was recorded. Previous studies have 
mainly used indirect assessment methods of exposure 
to environmental tobacco smoke, including subjec-
tive reports (9), particle sampling, or exhaled carbon 
monoxide (43). The sampling of cotinine from bodily 
fluids is a more direct measurement of environmental 
tobacco smoke, and it was also used (8, 9). However, 
urinary cotinine is influenced by individual physiologi-
cal (respiration, absorption, metabolism, and excretion), 
temporal (exposure duration), and physical (exposure 
concentration) parameters (27). Thus factors other than 
exposure at work (such as leisure-time exposure) could 
have confounded the urinary cotinine measures. The as-
sessment of exposure to environmental tobacco smoke 
among smokers or snuff users is not possible with the 
use of urinary cotinine due to the masking effect of 
their own tobacco use. Among the nonsmokers, 35% 
had preban urinary cotinine values below the detection 
threshold, and this level may reflect a somewhat lower 
exposure level than in previous studies (1, 2, 9), making 
it difficult to detect a further reduction with this method. 
However, the very large reduction in nicotine in the air in 
our study confirms a reduction in the levels of environ-
mental tobacco smoke. By placing air nicotine samplers 
in different locations for smokers and nonsmokers, we 
attempted to avoid confounding from the participants’ 
smoking behavior. The nonsmokers wore samplers, but 
the smokers did not, as smoking during breaks could 
have masked the true measurement of environmental 
tobacco smoke for their workplace.

Recommendations for further research

Our results indicate that gaming workers—previously 
investigated very little in relation to exposure to en-
vironmental tobacco smoke—may have had the most 
substantial reduction in such exposure, and therefore the 
effects are worthy of further study. 

In our sample, the exposure to environmental tobac-
co smoke at home remained about the same, while self-
reported exposure in other nonwork localities dropped 
to one-fifth of the preban level; therefore research into 
the effects of this reduction in exposure is of potential 
interest.

The benefits and limitations of using portable sam-
plers for nicotine or locality-bound samplers as an alter-
native to other methods of assessing exposure to envi-
ronmental tobacco smoke should also be investigated.

Implications for public health

In conclusion, the legislation on smoke-free workplaces 
in Sweden has reduced the levels of environmental 
tobacco smoke for some of the most heavily exposed 
occupational groups, as indicated by an objective expo-
sure measure. There may also be a notable reduction in 
exposure outside work when these workers visit bars and 
restaurants as customers. Implementation of the ban was 
associated with a reduction in respiratory and sensory 
symptoms among the nonsmokers. Some of these symp-
toms, such as cough, are likely to have an impact on 
the quality of life (44). In the long term, a reduction in 
hospitality workers’ exposure to environmental tobacco 
smoke may result in other important health effects as 
such smoke contains carcinogens (22) and is also a rec-
ognized cause of atherosclerotic disease (33) and other 
smoking-related diseases (34, 36, 37). The health and 
comfort of hospitality workers may be improved by the 
smoke-free policy. 
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