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Smoke-free Legislation and Hospitalizations
for Childhood Asthma

Daniel Mackay, Ph.D., Sally Haw, B.Sc., Jon G. Ayres, M.D.,
Colin Fischbacher, M.B., Ch.B., and Jill P. Pell, M.D.

ABSTRACT

BACKGROUND

Previous studies have shown that after the adoption of comprehensive smoke-free
legislation, there is a reduction in respiratory symptoms among workers in bars.
However, it is not known whether respiratory disease is also reduced among people
who do not have occupational exposure to environmental tobacco smoke. The aim
of our study was to determine whether the ban on smoking in public places in
Scotland, which was initiated in March 2006, influenced the rate of hospital admis-
sions for childhood asthma.

METHODS

Routine hospital administrative data were used to identify all hospital admissions
for asthma in Scotland from January 2000 through October 2009 among children
younger than 15 years of age. A negative binomial regression model was fitted, with
adjustment for age group, sex, quintile of socioeconomic status, urban or rural
residence, month, and year. Tests for interactions were also performed.

RESULTS

Before the legislation was implemented, admissions for asthma were increasing at
a mean rate of 5.2% per year (95% confidence interval [CI], 3.9 to 6.6). After imple-
mentation of the legislation, there was a mean reduction in the rate of admissions
of 18.2% per year relative to the rate on March 26, 2006 (95% CI, 14.7 to 21.8;
P<0.001). The reduction was apparent among both preschool and school-age chil-
dren. There were no significant interactions between hospital admissions for asth-
ma and age group, sex, urban or rural residence, region, or quintile of socioeco-
nomic status.

CONCLUSIONS
In Scotland, passage of smoke-free legislation in 2006 was associated with a sub-
sequent reduction in the rate of respiratory disease in populations other than those
with occupational exposure to environmental tobacco smoke. (Funded by NHS
Health Scotland.)
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HE PREVALENCE OF ASTHMA HAS IN-
creased over the past few decades.® Active
smoking is much less common among
children than among adults. In Scotland, 25% of
adults smoke,? as compared with only 4% of
13-year-olds and 15% of 15-year-olds.? However,
children are commonly exposed to environmental
tobacco smoke, particularly in the home. Studies
in Scotland and in the United States have shown
that 40% of 11-year-old children* and 5-year-old
children® live with a smoker. Exposure to envi-
ronmental tobacco smoke increases the incidence
and severity of asthma,® and children are partic-
ularly susceptible to the deleterious effects of
such exposure.” In the United States, more than
200,000 episodes of childhood asthma per year
have been attributed to parental smoking.®
In Scotland, the Smoking, Health and Social
Care (Scotland) Act banned smoking in all en-
closed public places and workplaces as of March
26, 2006. The legislation has been extremely
successful in its primary aim of reducing expo-
sure to environmental tobacco smoke in public
places, such as bars.>° As a result, there has
been a reduction in respiratory symptoms among
workers in bars — even among workers who
continue to smoke themselves.'* Initial concerns
that the legislation would increase smoking in
homes have not been realized. Rather, the legis-
lation has resulted in a greater adoption of vol-
untary bans on smoking in homes'? and a re-
duction in the overall exposure of children to
environmental tobacco smoke.* The aim of this
study was to determine whether the risk of a
hospital admission for childhood asthma has
changed since the introduction of comprehen-
sive smoke-free legislation in Scotland.

METHODS

DATA SOURCES AND EXCLUSION CRITERIA

Scotland has a population of approximately 5.1
million. The Scottish Morbidity Record (SMRO01)
collects information on all admissions to acute
care hospitals in Scotland, including the date of
the admission, the type of admission, the princi-
pal and secondary disease codes, and the pa-
tient’s age, sex, and data zone (a Scottish postal
code) of residence. The General Register Office
for Scotland collects death-certificate data on all
deaths that occur in Scotland, whether they oc-

cur in a hospital or in the community. The death-
certificate data include the date of death, the
primary underlying cause of death, and the pa-
tient’s age, sex, and data zone of residence. Both
databases classify diseases according to the Inter-
national Classification of Diseases, 10th Revision (ICD-
10). The admission and death databases are
linked at an individual level so that records relat-
ing to the same person can be identified. We
used the SMRO1 database to identify all admis-
sions for asthma that occurred in Scotland from
January 2000 through October 2009. We also
combined SMRO1 and death-certificate data to
identify all hospital admissions and deaths be-
fore arrival at the hospital that occurred during
the same period.

DEFINITIONS
We defined admissions for asthma as emergency
hospital admissions for a principal diagnosis of
asthma, irrespective of whether the patient was
discharged alive or died in the hospital. We de-
fined asthma events as admissions for asthma
plus deaths due to asthma that occurred before
arrival at the hospital. In-hospital death after ad-
mission for asthma was counted as a single event.
Asthma was defined as an ICD-10 disease code of
J45 or J46. We defined preschool-age children as
children 0 to 4 years of age at the time of the
event and school-age children as children 5 to 14
years of age. Socioeconomic status was catego-
rized into quintiles on the basis of the Scottish
Index of Multiple Deprivation (SIMD) 2006 for
the data zone of residence (www.scotland.gov
.uk/Topics/Statistics/SIMD/Overview). Categoriza-
tion into urban and rural residency was derived
from the data zone of residence and was based
on the Scottish Executive Urban Rural Classifi-
cation system (www.scotland.gov.uk/Resource/
Doc/47251/0028898.pdf). Large urban areas and
other urban areas were coded as urban, and all
other areas were coded as rural. Three regions of
residence were defined on the basis of health
board areas of residence: southwestern Scotland
comprised the Ayrshire, Greater Glasgow and
Clyde, Dumfries and Galloway, and Lanarkshire
health boards; southeastern Scotland comprised
the Lothian, Borders, and Forth Valley health
boards, and northern Scotland comprised the
Grampian, Highland, Tayside, Fife, and Island
health boards.
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Figure 1. Daily Hospital Admissions for Asthma among Children between January 2000 and October 2009.

The smoothing of numbers for daily hospital admissions was performed with the use of the B-spline module for the
Stata statistical software package, version 10.1 (Stata). Smoke-free legislation was implemented on March 26, 2006
(vertical line). Crude numbers are for the number of admissions between the dates shown.

STATISTICAL ANALYSIS

Our primary analyses examined hospital admis-
sions for asthma from January 2000 through Oc-
tober 2009. The analyses were restricted to chil-
dren who were younger than 15 years of age at
the time of their admission to the hospital for
asthma. We determined the frequency of admis-
sions each month in subgroups according to age
group, sex, quintile of socioeconomic status, and
urban or rural residence. Population counts in
each of these subgroups, for each month, were
estimated by linear extrapolation of midyear
population estimates for data zones obtained
from the Scottish 2001 census and published by
the General Register Office for Scotland. The
model allowed for the detection of an underlying
trend in incidence rates throughout the study pe-
riod and of a change in this trend as of the date
on which the smoke-free legislation was imple-
mented. The model was adjusted for age group,
sex, quintile of socioeconomic status, urban or
rural residence, month, and year. An offset term
accounted for different population sizes and the
number of days in each month. We extended the
model to include interaction terms in order to
test for differences in the change in incidence
trend after implementation of the legislation
within subgroups of the population (after allow-

ing for different trends before implementation of
the legislation) — specifically, subgroups de-
fined on the basis of age group, sex, quintile of
socioeconomic status, urban or rural residence,
and region. Our analyses were repeated for the
composite outcome of asthma events (hospital
admissions and deaths before admission to the
hospital).

RESULTS

ADMISSIONS FOR ASTHMA
There were 21,415 hospital admissions for asth-
ma during the study period. Figure 1 shows the
smoothed curves for daily numbers of admis-
sions for asthma over the course of the study
period. Before implementation of the legislation,
there was a mean increase in admissions for
asthma of 5.2% per year (95% confidence inter-
val [CI], 3.9 to 6.6) relative to the rate at baseline,
in January 2000. After implementation of the leg-
islation, there was a reduction in the annual rate
of 18.2% relative to the rate on March 26, 2006
(95% CI, 14.7 to 21.8; P<0.001), resulting in a net
reduction in asthma admissions after implemen-
tation of the legislation of 13.0% per year (95%
CI, 10.4 to 15.6). After adjustment for the poten-
tial confounding effects of sex, age group, urban
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Subgroup

Sex
Male
Female
Age group
Preschool

School-age

Quintile of socioeconomic status

1 (affluent)

2

3

4

5 (deprived)
Area

Urban

Rural
Region

Southwest

Southeast

North

Table 1. Temporal Trends in Hospital Admissions for Asthma among Children, According to Subgroup.*
Annual Annual Net Annual
Change before Change after Change after
Legislation Legislation Legislation P Value}
percent (95% Cl)
0.75
4.1(2.7t05.5) -19.9 (-23.7 to -16.1) -15.8 (-18.6 to -13.0)
5.0 (3.1t0 6.8) -18.8 (-23.6 to ~14.1) -13.9 (-17.4t0 -10.4)
0.42
0.6 (-0.9t0 2.1) -18.4 (-22.4to -14.3) -17.7 (-20.8 to -14.7)
9.1 (7.4 t0 10.8) -20.8 (-25.1 to —16.6) -11.8 (-14.8 t0 -8.7)
0.67
0.4 (-2.4t0323) ~15.9 (-23.9to -8.1) -15.6 (-21.5 to -9.6)
5.7 (2.9t0 8.5) -19.8 (-27.0to -12.6) -14.1 (-19.4 to -8.9)
3.7 (1.1t06.2) -20.5 (-27.2to -13.8) -16.8 (-21.8 to -11.8)
4.8 (23107.3) ~17.3 (-23.6 to ~10.9) -12.5 (-17.1t0 -7.8)
6.1 (4.0t08.3) —-22.4 (-27.9t0 -16.8) -16.2 (-20.3 to -12.1)
0.82
4.7 (3.3t06.0) ~19.2 (~22.8 to —15.6) -14.6 (-17.2t0 -11.9)
3.9 (1.9t0 5.9) -20.0 (-25.2 to —14.8) -16.0 (-19.9 to -12.2)
0.98
3.7(22t05.2) ~16.0 (~20.0 to —12.1) -12.3 (-15.2to -9.4)
7.3(5.2t09.3) -23.0 (-28.2t0 -17.7) -15.7 (-19.4 to -11.8)
2.6 (0.9 to 4.3) -17.9 (-22.3 to ~13.5) -15.3 (-18.6 to -12.0)

* The annual change before legislation was the change relative to the rate at baseline, in January 2000. The annual change after legislation
was the change relative to the rate on March 26, 2006 — the date on which the smoke-free legislation was implemented. Temporal trends
were adjusted for sex, urban or rural area, and quintile of socioeconomic status.

ing to subgroup.

i The P values were calculated with the use of a likelihood-ratio test to determine whether the additional change differed significantly accord-
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or rural residence, and quintile of socioeconomic
status, admissions for asthma before implemen-
tation of the legislation increased by a mean of
4.4% per year (95% CI, 3.3 to 5.5) relative to the
rate in January 2000. After implementation of the
legislation, there was a reduction of 19.5% (95%
CI, 16.5 to 22.4; P<0.001) relative to the rate on
March 26, 2006, resulting in a net reduction in
admissions for asthma of 15.1% per year (95%
CI, 12.9 to 17.2).

ANALYSIS ACCORDING TO SUBGROUPS
Of the 21,415 admissions for asthma, 11,796
(55.1%) occurred among preschool children and
9619 (44.9%) among school-age children. The
trends before the legislation varied according to
age group, with a mean annual increase of 9.1%
among preschool children, as compared with no

N ENGLJ MED 363;12
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significant change over time among school-age
children (Table 1). However, the change after
legislation was similar in the two groups, with a
reduction of 18.4% among preschool children
and 20.8% among school-age children relative to
the rate on March 26, 2006 (Table 1). Therefore,
there was no significant interaction with age
group. Similarly, the interactions with sex, urban
or rural residence, region, and quintile of socio-
economic status were all nonsignificant (Table
1). The additional change after implementation
of the legislation was significant in all subgroups
(Fig. 2). Only five deaths occurred over the course
of the study period. Therefore, when we reran the
model using all events (both admissions and
deaths), the adjusted additional change was al-
most identical to that obtained in the original
model, which was based on admissions alone.
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Before implementation of the legislation, asthma
events increased by a mean of 4.4% per year (95%
Cl, 3.3 to 5.06) relative to the rate in January 2000.
After implementation, there was a reduction of
19.5% (95% CI, 16.5 to 22.4) relative to the rate
on March 26, 2006 (P<0.001), resulting in a net
reduction in asthma events of 15.1% per year
(95% CI, 12.9 to 17.2).

DISCUSSION

Our study shows that after the introduction of
comprehensive smoke-free legislation, there was
a reduction in the incidence of asthma among
people who did not have occupational exposure
to environmental tobacco smoke. Our analysis
was limited to data on children; the reduction in
the incidence of asthma was observed among
both preschool and school-age children.

Previous investigations of the health benefits
of comprehensive smoke-free legislation have
focused primarily on the incidence of cardiovas-
cular disease. There are now a number of studies
showing a reduction in the incidence of coronary
events after the introduction of legislation.t314
The Scottish smoke-free legislation has been
successful in reducing exposure to environmen-
tal tobacco smoke in public places, such as
bars,%1° resulting in fewer respiratory symptoms
among workers in bars.** A recent study showed
that there was a nonsignificant 2% reduction in
overall admissions for asthma after citywide
smoking restrictions were instituted in Toron-
to.1> However, restaurants were exempt from the
restrictions, and the study included adults whose
exposure was reduced as a result of workplace
bans on smoking. In Arizona, overall admissions
for asthma have also fallen since the implemen-
tation of restrictions on smoking in public places,
with the greatest reductions observed in coun-
ties that had no preexisting partial bans.'® The
Arizona study also included adults who were
protected from workplace exposure after the
legislation.

Before implementation of the Scottish legisla-
tion, there was concern that it might result in
the transfer of smoking activity to homes, lead-
ing paradoxically to an increase in exposure to
environmental tobacco smoke among children.
Studies of exposure among both adults” and
children* have shown no evidence of displace-
ment of smoking to the home; rather, the legis-

1
10

Subgroup Annual Percent Change, with 95% ClI
Sex E
Male —e— .
Female —— E
Age H
Preschool —e— E
School-age —e— .
Area E
Urban —e— .
Rural e E
Quintile of socioeconomic H
status :
1 (affluent) E
2 —] H
3  — i
4 —e———— |
5 (deprived) — E
Region ]
North —— E
Southwest —e— H
Southeast —_— E
Overall [ |
30 25 20 15 10 5 0
Figure 2. Forest Plot of the Adjusted Annual Change in the Rate of Hospital
Admissions for Asthma after Implementation of Smoke-free Legislation,
According to Subgroup.
The annual change shown here is the change relative to the rate on March
26, 2006 — the date on which the smoke-free legislation was implemented.
Analyses were adjusted for sex, age group, urban or rural area, quintile of
socioeconomic status, and region.

lation has been followed by an increase in vol-
untary restrictions in the home.*> Household
smoking restrictions reduce the exposure of chil-
dren to environmental tobacco smoke, irrespec-
tive of whether their own parents smoke.'® Hence,
the overall exposure of children to environmen-
tal tobacco smoke, measured objectively with the
use of salivary cotinine concentrations, has fallen
since the implementation of the Scottish legis-
lation.*

There is substantial evidence of an associa-
tion between exposure to environmental tobacco
smoke and the risk of asthma. Exposure to en-
vironmental tobacco smoke increases the risk of
asthma, and among those with asthma, it con-
fers a predisposition to a worse prognosis, in-
cluding an accelerated decline in lung function,
more frequent exacerbations, more severe symp-
toms, impairment of the quality of life, and a
diminished therapeutic response to corticoste-
roids.° In a meta-analysis, the pooled estimate of
the relative risk of ever having asthma as a result
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of exposure to environmental tobacco smoke
was 1.48 (95% CI, 1.32 to 1.65), the relative risk
of current asthma was 1.25 (95% CI, 1.21 to
1.30), and the relative risk of a new diagnosis of
asthma was 1.21 (95% CI, 1.08 to 1.36).” The
deleterious effects of exposure to environmental
tobacco smoke are greater among children than
among adults, since children have smaller bod-
ies, a higher baseline respiratory rate, and smaller
airways.” Preschool children are more likely to
be exposed to environmental tobacco smoke in
their homes than in public places.'® In contrast,
school-age children spend less time with their
parents and more time outside their homes and
may themselves start smoking. Among children
in Scotland, self-reported exposure to environ-
mental tobacco smoke in public places has fallen
since implementation of the legislation.'® In the
Scottish Schools Adolescent Lifestyle and Sub-
stance Use Survey (SALSUS), the prevalence of
smoking among 13-year-old boys fell from 5%
in February 2004 to 3% in February 2007.3 The
corresponding figures for girls were 7% and 4%.
We conducted a subgroup analysis with data from
preschool and school-age children to determine
whether the effect of the legislation differed ac-
cording to age group.

In our study, we used data from all regions of
Scotland, and the results were consistent across
the regions. Therefore, the results cannot be at-
tributed to changes in hospital catchment areas.
We did not have data on Scottish children who
were admitted to hospitals outside Scotland dur-
ing the study period, but these admissions were
probably few in number, and there is no reason
to expect that there would have been a system-
atic bias over time. Our study included only
asthma exacerbations that were severe enough
to require admission to the hospital. We did not
have access to data on less severe exacerbations
of asthma that did not require hospitalization,
but we are unaware of any systematic change
over time in the threshold for hospital admis-
sions for asthma. We cannot determine whether

the reduction in hospital admissions was a result
of the prevention of asthma exacerbations that
would otherwise have occurred or a reduction in
the severity of the exacerbations that did occur.
The decrease in admissions was not due to an
increase in the incidence of deaths before arrival
at the hospital. We did not have access to infor-
mation on smoking status at the individual level
or on measures of the level of exposure to envi-
ronmental tobacco smoke. Therefore, we cannot
determine the extent to which the observed re-
duction in asthma was due to reduced exposure
to environmental tobacco smoke in the home,
reduced exposure to environmental tobacco
smoke in public places, or a reduction in active
smoking among school-age children. As with
any observational study, there may have been
other interventions that occurred during the
period studied. However, we are not aware of
any national educational campaigns, changes in
health care delivery or clinical management, or
changes in other exposures, such as air pollu-
tion, that coincided with the date on which the
legislation was introduced. Awareness of asthma
may have increased over time, but it is unlikely
that there was a stepwise change in the aware-
ness of asthma at the time the legislation was
introduced. Asthma may have been misclassified
as infection in the case of some hospital admis-
sions, but again, there is no reason to suspect
that there was a systematic error as a result of a
change in the percentage of misclassified cases
after implementation of the legislation.

In conclusion, our study showed that there
was a reduction in the rate of hospitalizations
for childhood asthma after the introduction of
legislation to make public places smoke-free,
suggesting that the benefits of such legislation
can extend to populations other than those with
occupational exposure to environmental tobacco
smoke.

Supported by a project grant from NHS Health Scotland.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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