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Changes in exposure of adult non-smokers to secondhand

smoke after implementation of smoke-free legislation in
Scotland: national cross sectional survey

Sally ) Haw," Laurence Gruer?

ABSTRACT

Objective: To measure change in adult non-smokers’
exposure to secondhand smoke in public and private
places after smoke-free legislation was implemented in
Scotland.

Design: Repeat cross sectional survey.

Setting: Scotland.

Participants: Scottish adults, aged 18 to 74 years,
recruited and interviewed in their homes.

Intervention: Comprehensive smoke-free legislation that
prohibits smoking in virtually all enclosed public places
and workplaces, including bars, restaurants, and cafes.
Outcome measures: Salivary cotinine, self reported
exposure to smoke in public and private places, and self
reported smoking restriction in homes and in cars.
Results: Overall, geometric mean cotinine concentrations
in adult non-smokers fell by 39% (95% confidence interval
29% to 47%), from 0.43 ng/ml at baseline to 0.26 ng/ml
after legislation (P<0.001). In non-smokers from non-
smoking households, geometric mean cotinine
concentrations fell by 49% (40% to 56%), from 0.35 ng/ml
t0 0.18 ng/ml (P<0.001). The 16% fall in cotinine
concentrations in non-smokers from smoking households
was not statistically significant. Reduction in exposure to
secondhand smoke was associated with a reduction after
legislation in reported exposure to secondhand smoke in
public places (pubs, other workplaces, and public
transport) but notin homes and cars. We found no evidence
of displacement of smoking from public places into the
home.

Conclusions: Implementation of Scotland’s smoke-free
legislation has been accompanied within one year by a
large reduction in exposure to secondhand smoke, which
has been greatest in non-smokers living in non-smoking
households. Non-smokers living in smoking households
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continue to have high levels of exposure to secondhand
smoke.

INTRODUCTION

On 26 March 2006 comprehensive legislation w
implemented in Scotland to prohibit smoking in vir
tually all enclosed public places and workplaces, includ
ing bars, restaurants and cafés.' A subsequent study of ai
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quality in a random sample of 41 pubs in Scotland hag ’

reported an overall 86% reduction in small airborne par:’
ticles (PMy 5)—an air marker of secondhand smoke—@
two months after implementation of the leglslatlon.23_>
This is consistent with studies from other countriess
where similar legislation has been introduced.?* 5

Our study is part of a comprehensive evaluation og
Scotland’s smoke-free legislation.’ It aimed to determin€,,
if a measurable change occurred in exposure to secondz
hand smoke in adult non-smokers after implementatiory,
of the Scottish smoke-free legislation; to assess whetheé
overall changes in secondhand exposure were related to2
exposure in public or private spaces; and to determine 1f(§
any evidence existed of increased exposure to secondér
hand smoke among non-smokers living with smokers@

associated with displacement of smoking into the homeg_
@

Z

METHODS

Survey

Data on adult exposure to secondhand smoke were col-
lected as part of the health education population survey,
using a repeat cross sectional design before and after
implementation of the legislation. This survey has been
conducted in most years since 1996 to monitor health
related knowledge and behaviour.® Data are collected
twice a year in two waves. For this study, survey waves
conducted between 1 September and 20 November
2005 and between 9 January and 25 March 2006
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provided baseline data. Post-legislation data were col-
lected in two waves between 1 September and 10
December 2006 and between 8 January and 2 April
2007.

Addresses from mainland Scotland were selected
from the Royal Mail’s postal address file using a rolling,
multistage, clustered random sampling strategy. See
bmj.com for sampling strategy.

One week before the start of fieldwork, a letter was
sent to all selected addresses informing the occupier
that the household had been chosen to take part in the
survey and that an interviewer would be calling on them
in the near future.

People aged 16 to 74 years were eligible to partici-
pate in the study.

Interviews

Study participants were interviewed at home by
trained interviewers. Data on a range of health beha-
viours were collected by using computer assisted per-
sonal interviewing. The smoking module included self
reported smoking status, date of cessation, and use of
nicotine replacement therapy. Data were collected on
the participants’ experience of smoking restrictions in
public places (work, pubs, and public transport) and
private places (home and car) and on reported expo-
sure to secondhand smoke in these different locations.
The questionnaire is available at www.healthscotland.
com/scotlands-health/evaluation/policy-evaluation/
smoking.aspx. All respondents were asked to provide a
sample of saliva to test for cotinine, a metabolite of
nicotine, and a stable, highly specific and sensitive bio-
marker of both active and passive absorption of
tobacco smoke (see bmj.com).

Definition of smoking status and the assessment of
outcomes

We based assessment of change in exposure to sec-
ondhand smoke in non-smokers on self reported
non-smoking status (never smoker or ex-smoker), con-
firmed by salivary cotinine concentration. Respon-
dents who were using nicotine replacement therapy
were excluded from the analysis, as were “smoking
deceivers”—respondents who reported that they were
non-smokers but had a cotinine concentration above
15 ng/ml, the accepted threshold for active smoking.
Assessments of changes in location of exposure to sec-
ondhand smoke and smoking restriction in homes and
cars in non-smokers are based on self reported smok-
ing status alone.

RESULTS

Sample

The response rates in the four successive waves—70%,
71%, 66%, and 71%—compare well with other UK
national surveys , which have response rates of around
66%.7* A total of 1815 participants were recruited to
the baseline survey and 1834 to the post-legislation sur-
vey. The profiles of the weighted samples were similar
in sex, age, marital status, and smoking status. How-
ever, respondents in the post-legislation sample were

more likely to have more than 11 years’ education
(P<0.01) and less likely to live in the most deprived
areas (P<0.001).

The prevalence of smoking was 35.6% (646/1815) in
the pre-legislation sample and 35.1% (644/1834) in the
post-legislation sample. Exclusion of smokers yielded
final sample sizes of 1170 before legislation and 1190
after legislation. Baseline characteristics of the two
samples were similar, but the non-smokers recruit
after implementation of the legislation were less like;
to live in the most deprived areas (P<0.001) (s
bmj.com).
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Provision of saliva sample for testing for cotinine o
Valid cotinine measurements were available for 6@
(53.6%) baseline respondents and 592 (49.7%) respo@
dents recruited after the legislation. Compared wi

those who did not, respondents who had a valid co-
nine measurement were more likely to be male (50. 5%
v 49.5%; P<0.05) and have 11 or more years of educg—
tion (53.7% v 45.6%; P<0.001). They were also 1¢8
likely to be 55 years or older (26.8% v 30.2%; P<0.0%)
and to live in areas in Carstairs deprivation categoriesf
and 7 (10.6% v 14.6%; P=0.001) (see table 1
bmj.com).

Changes in exposures to secondhand smoke in adult
non-smokers
Cotinine measurements for 627 non-smokers recruit
pre-legislation and 592 non-smokers recruited pogf;
legislation were analysed to assess change in exposu;
to secondhand smoke. Before legislation the medi
and mode values were 0.4 ng/ml and 0.3 ng/ml resp
tively, with a range of <0.1 ng/ml (below the level &f
detection) to 10.5 ng/ml. After legislation the ran,
was wider (<0.1 ng/ml to 13.7 ng/ml) but the medign
fell to 0.2 ng/ml and the mode to <0.1 ng/ml. The diz
tribution of cotinine values shifted (figure), with @@
increase in the proportion of samples below the level gf
detection (0.1 ng/ml), from 11.3% (71 samples) befog
legislation to 27.6% (165) afterwards. >
The impact of the smoke-free legislation on expg_
sure to secondhand smoke (log cotinine) was evaluatéfl
using analysis of covariance. Two independent vaé
ables (smoking ban and household smoking stat@
(non-smoking household v households with at leas;ptt
one smoker)) and three covariates (sex, years in educg
tion, and deprivation category of residence) weﬁ:
included in the model. LQ
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The overall geometric mean cotinine for non- sm8—
kers fell from 0.43 ng/ml at baseline to 0.26 ng/ml after
legislation—a 39% adjusted reduction in mean cotinine
after implementation of the legislation (P<0.001;
table). The interaction between implementation of leg-
islation and household smoking status was highly sig-
nificant. The geometric mean for non-smokers living
in non-smoking households fell from 0.35 ng/ml to
0.18 ng/ml, representing a 49% reduction in mean coti-
nine in this group (P<0.001; table). For non-smokers
living in smoking households the fall did not reach sta-
tistical significance.
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Cotinine concentrations in non-smokers before and after
smoke-free legislation in Scotland

Before the legislation, non-smokers living in smok-
ing households had levels of exposure to secondhand
smoke on average 2.6 times higher than those of non-
smokers living in non-smoking households. After the
legislation, levels of exposure to secondhand smoke in
non-smokers living in smoking households were on
average 4.5 times higher.

Reported exposure to secondhand smoke in public and
private

The proportion of respondents reporting exposure to
secondhand smoke fell for all locations after the legis-
lation, but after sex, years in education, and depriva-
tion category of residence were controlled for,
reported exposure to secondhand smoke was signifi-
cantly reduced only in enclosed public places covered
by the legislation: in pubs (odds ratio 0.03 (95% con-
fidence interval 0.02 to 0.05; P<0.001); at work (0.32
(0.23t00.45); P<0.001); on public transport (0.29 (0.15
to 0.57); P<0.001), and in other enclosed public places
(0.25 (0.17 to 0.38); P<0.001). The likelihood of expo-
sure in private enclosed places—own home, others’
homes or car—did not change significantly (see table 3
on bmj.com).

Reported smoking restriction in private enclosed places
Respondents were asked about smoking restrictions in
their homes and cars. After sex, years in education, and
deprivation category of residence were controlled for,
after the legislation, all non-smokers (irrespective of
household smoking status) were more likely to report
having either a complete smoking ban or a partial ban
(1.49 (1.26 to 1.76); P<0.001).

RESEARCH

Complete smoking bans in cars were more common
than in homes (see table 4 on bmj.com), but after sex,
deprivation category of residence, and years of educa-
tion were controlled for, no change in the pattern of
reported smoking restrictions in cars was observed
after implementation of the legislation either overall
or within the two non-smoker subgroups.

DISCUSSION
Main findings
This study provides evidence of a large reduction irf
secondhand smoke exposure in non-smoking adult.
in Scotland after implementation of legislation banZ
ning smoking in enclosed public spaces. The geometricg
mean salivary cotinine concentrations in adult nonS
smokers fell from 0.47 ng/ml at baseline to 0.26=.
Q
ng/ml after the legislation, representing a 39% reduc=
tion in exposure to secondhand smoke. There was a--
reduction in reported exposure to secondhand smoke>
in public places (pubs, other workplaces, and publiqi
transport) but not in private places (homes and cars)3
We also found no evidence of displacement of smokin,
into the home after implementation of Scotland’s"
smoke-free legislation.

210.1d

Strengths and weaknesses of the study

The study recruited representative samples of the Scot
tish population and had response rates exceeding thos
of other recent UK national household surveys. Both
self reported and biovalidated markers of smoking sta
tus and exposure to secondhand smoke were collected
The baseline and post-legislation data were collected i
the same period of the year, exactly one year apart
Our repeat cross sectional design is less robust than &
longitudinal design. The samples recruited before andB.
after legislation showed some small socioeconomic dif=-
ferences but these differences were controlled for in th&
analyses, making systematic bias unlikely. The compli>
ance rates for provision of saliva sample for testing for=
cotinine were disappointing but similar to rates
achieved by other UK surveys.® There were smalf
socioeconomic differences between respondents wha
agreed and those who refused to provide saliva sam2
ples, but these were controlled for in the analyses, makw
ing systematic bias unlikely. It was not feasible ta3
include a control group from outside Scotland. )
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Other studies
A survey in the United States found that between 198@
and 2000 median cotinine concentrations declined by3

Mean cotinine concentrations in non-smokers before and after implementation of legislation prohibiting smoking in enclosed public

places

o 6 il e i Before legislation

After legislation

‘S9

Adjusted reduction in mean cotininet

household No Mean (95% Cl)* No Mean (95% CI)* % (95% CI) P value
None 504 0.35 (0.32t0 0.39) 449 0.18 (0.16 t0 0.20) 49 (40 to 56) <0.001
One or more 123 0.92(0.74t0 1.13) 143 0.81 (0.67 t0 0.99) 16 (-11t037) »0.05
All N 627 N 0.43(0.39100.47) N 592 N 0.26 (0.23t0 0.29) B 39 (29to 47) N <0.001

*Geometric mean cotinine concentrations in ng/ml, controlling for sex, years in education, and deprivation category of residence.
tAdjusted percentage reduction in geometric mean cotinine concentrations in ng/ml, controlling for sex, years in education, and deprivation category

of residence.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Exposure to secondhand smoke is associated with considerable morbidity and mortality in
non-smokers

Smoking bans have been shown to be effective in reducing exposure to secondhand smoke
in some locations

WHAT THIS STUDY ADDS

Legislation to prohibit smoking in public places resulted in a large reduction in adult
non-smokers’ exposure to secondhand smoke across a whole population

After implementation of the legislation, exposure to secondhand smoke was reduced in all
public places and workplaces but not in the home or private cars

The main beneficiaries of the legislation seem to be non-smokers living in non-smoking
homes

The legislation did not result in increased exposure to secondhand smoke in the homes of
non-smokers who lived with other smokers

more than 70% in adult non-smokers.” A 52% drop in
mean salivary cotinine was seen in English schoolchil-
dren between 1988 and 2003.'° These data indicate a
gradual reduction in exposure to secondhand smoke in
both countries. The 39% reduction in mean cotinine
concentrations in Scottish adults in our study has
occurred in only one year. Most if not all of this reduc-
tion is likely to be due to the implementation of the
Scottish smoke-free legislation. This strongly suggests
that the legislation has rapidly reduced secondhand
smoke exposure at a population level.

Similar improvements in air quality in bars and
workplaces, as well as reductions in self reported expo-
sure to secondhand smoke in public places, have been
reported from elsewhere after implementation of
smoke-free legislation.?'' * A four country study failed
to find evidence of displacement of smoking from
public places into the home and found that smoke-
free legislation stimulated the adoption of smoke-free
homes.!

Our findings are also almost identical to those of a
parallel study of secondhand smoke exposure in Scot-
tish schoolchildren.!*

Implications

The reductions in exposure to secondhand smoke of
the order observed in Scotland may generate immedi-
ate health gains in the Scottish population as well as
longer term reductions in morbidity and mortality
related to secondhand smoke. However, to our knowl-
edge, no data are yet available to relate a reduction of
this magnitude in mean cotinine concentrations in
adult non-smokers to actual improvements in health
at a population level. Furthermore, our study indicates
that, to date, a significant reduction in exposure to sec-
ondhand smoke occurred only in non-smokers living
in non-smoking households.

The now large differential in exposure to second-
hand smoke between non-smokers who live in smok-
ing and non-smoking households underlines the
importance of developing interventions designed to
reduce smoking in the home and in cars.

Legislation on smoking in private homes is unlikely
to be effective, acceptable, or desirable, although there
may be more public acceptance of restrictions on
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smoking in cars, especially when children are being
transported.'® More could also be done to raise aware-
ness of the health risks to adults and children associated
with exposure to secondhand smoke. In particular, the
finding that non-smokers exposed to low levels of
tobacco smoke (relative to exposure of active smokers)
are still at heightened risk of coronary heart disease
needs to be communicated clearly.'

Quitting smoking is probably the most effective wag
of reducing secondhand smoke exposure in the hom§;
smoking cessation services must continue to be prg:

moted, with clear links made to the potential improvg;
ments in the health of non-smokers. g
o
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