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Summary

Objective: On March 1+, 2008 a smoking ban in
public buildings became effective in the Canton of
Graubuenden, Switzerland. The aim of our study
was to investigate, whether implementation of this
new regulation was followed by a decrease in the
incidence of acute myocardial infarction (AMI).

Patients and methods: The Kantonsspital
Graubuenden serves as a tertiary care hospital,
possessing the only cardiac catheterization labora-
tory in the Canton of Graubuenden. Based on an
excellent functioning network including all hospi-
tals in the Canton of Graubuenden, virtually all
patients experiencing an AMI in the Canton of
Graubuenden are transferred to our hospital for
either acute or early coronary angiography. Data
of all patients with AMI undergoing coronary an-
giography at our hospital between March 1+, 2008
and February 28", 2009 were collected prospec-
tively. The data were then compared with those of
the two corresponding 12-month periods preced-
ing implementation of the public smoking ban.

Results: In the two years before adoption of

smoke-free legislation, the number of patients
with AMI was 229 and 242, respectively (p = ns). In
the 12 months after implementation of the public
smoking ban, the number of AMI patients dropped
to 183 (p <0.05 vs. each of the previous 12-month
periods), representing an overall 22% reduction in
the AMI incidence within the first year after en-
actment of the new regulation. This reduction was
driven by a significant decrease in the AMI inci-
dence in men, nonsmokers, and individuals with
established coronary artery disease, including
those with prior AMI or prior percutaneous coro-
nary intervention.

Conclusions: Similar to other countries in Eu-
rope and various regions of the USA and Canada,
implementation of a public smoking ban was fol-
lowed by a significant early decline in the inci-
dence of AMI in the Canton of Graubuenden,
Switzerland.
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Introduction

Smoking represents one of the largest modifi-
able risk factors for coronary artery disease (CAD).
In addition, current evidence suggests that expo-
sure of nonsmokers to secondhand smoke is also
associated with a significant increase in the risk of
CAD [1-3]. Recently, implementation of regula-
tions banning smoking in public buildings was
shown to lead to a significant and rapid decline in
the total number of hospital admissions for acute
coronary syndromes in several countries, includ-
ing Italy, Scotland and some regions of the USA
and Canada [4-15]. However, despite the present
evidence supporting the beneficial effect of regu-

lations banning smoking in public places, enact-
ment of such legislation is still heavily disputed.

The Canton of Graubuenden adopted smoke-
free legislation by popular vote on November 25,
2007, and therefore became one of the first re-
gions in Switzerland to do so. Accordingly, on
March 1%,2008 a smoking ban in public buildings,
including cafés, bars, and restaurants, became ef-
tective in the Canton of Graubuenden. The aim of
the present study was to asses whether implemen-
tation of this new regulation was followed by an
early change in the incidence of acute myocardial
infarction (AMI).
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Table 1

Characteristics of the
study population in
the two years before
(3/2006-2/2007 and
3/2007-2/2008) and
the year after (3/2008-
2/2009) implementa-
tion of the public
smoking ban.

Patients and methods

Setting

The Canton of Graubuenden is the largest Canton of
Switzerland covering an area of 7106 km?. In contrast,
with a resident population of 188000 Graubuenden re-
presents the Canton with the lowest population density in
Switzerland. However, because of its unique landscape
Graubuenden is the largest holiday destination of the
country, offering a multitude of recreational activities in
all seasons. Hence, a total of =6 million visitor overnight
stays are recorded in Graubuenden every year. Based on
the large number of visitors, the population of the Canton
of Graubuenden may almost double during the holiday
season.

The Kantonsspital Graubuenden serves as a tertiary
care hospital possessing the only cardiac catheterization
laboratory in the Canton of Graubuenden. The Kantons-
spital Graubuenden provides a 24-hour emergency serv-
ice for primary percutaneous coronary intervention (PCI)
in patients with AMI. Based on an excellent functioning
network including all hospitals in the Canton of Grau-
buenden and excellent transportation capacities, either by
ambulance or by helicopter, all patients experiencing an
AMI in the Canton of Graubuenden are transferred to
our hospital for either acute or early coronary angiogra-
phy. Although primary PCI represents the therapy of
choice in patients with ST-elevation myocardial infarc-
tion (STEMI) in our Canton, a few STEMI patients are
treated with intravenous thrombolysis in more distant
secondary care hospitals, particularly when weather con-
ditions preclude rapid patient transfer by helicopter.
However, patients also undergoing successful thrombo-
lytic therapy are subsequently transferred to the Kanton-
sspital Graubuenden for secondary coronary angiography
before hospital discharge. Thus, in general, all patients
suffering from an AMI in the Canton of Graubuenden
undergo coronary angiography at the Kantonsspital
Graubuenden.

Study population

Data of all patients suffering from an AMI in the
Canton of Graubuenden and undergoing coronary angio-
graphy at the Kantonsspital Graubuenden, within the first
year after implementation of the public smoking ban (be-
tween March 1%, 2008 and February 28, 2009), were col-
lected prospectively. The data were then compared with
those of all patients who suffered from an AMI in the
Canton of Graubuenden and underwent coronary angio-
graphy at our hospital during the two corresponding
12-month time periods preceding implementation of the
public smoking ban (between March 1%, 2006 and Febru-
ary 28%, 2007, and between March1*, 2007 and February
29 2008, respectively), whereby these patients were
identified by their diagnoses at hospital discharge (ICD-
10 codes) and by analyzing various local databases (coro-
nary angiography database, intensive care unit database).
Patients who suffered from an AMI outside the Canton of
Graubuenden but were treated at the Kantonsspital Grau-
buenden were excluded from our analysis. According to
the universal definition of myocardial infarction, AMI was
defined as a detectable level of cardiac troponin in a clini-
cal setting consistent with myocardial ischemia [16].
Based on changes of the ST segment, patients were fur-
ther classified as having STEMI or non-ST-elevation my-
ocardial infarction (NSTEMI) [16, 17]. Patients in whom
further examination revealed a non-coronary etiology of
symptoms, laboratory findings and/or electrocardio-
graphic changes (e.g. pericarditis) were not included in
the present analysis.

Statistical analysis

In order to compare the numbers of AMI cases be-
tween the three 12-month time periods, 2 X2 tables were
set up to check for equal distribution. One-way analysis of
variance (ANOVA) for continuous data and y? test for cat-
egorical data were used to compare differences regarding
patient characteristics between the populations before

3/2006-2/2007 3/2007-2/2008 3/2008-2/2009 P-value
Before smoking ban  Before smoking ban  After smoking ban
(n =229) (n=242) (n = 183)
Age (years) 66 =12 66 =11 65 =11 0.60
Age groups <45 years 10 4) 8(3) 84 0.78
45-65 years 98 (43) 95 (39) 80 (44)
>65 years 121 (53) 139 (58) 95 (52)
Men 171 (75) 182 (75) 134 (73) 0.89
Women 58 (25) 60 (25) 49 (27)
Residents 168 (73) 177 (73) 133 (73) 0.99
Non-residents 61 (27) 65 (27) 50(27)
Smoking status Nonsmokers 151 (66) 160 (66) 109 (60) 0.30
Smokers 78 34) 82 (34) 74 (40)
Other cardiac risk factors  Arterial hypertension 128 (56) 127 (52) 103 (56) 0.67
Hyperlipidemia 169 (74) 183 (76) 128 (70) 0.42
Diabetes mellitus 28 (12) 34 (14 25 (14) 0.83
Documented CAD 65 28) 66 (27) 33 (18) 0.03
Prior AMI 44 (19) 48 (20) 20 (11) 0.03
Prior PCI 45 (20) 48 (20) 25 (14) 0.19
Prior CABG 14 (6) 16 (7) 15 (8) 0.69

Data are presented as mean = SD or numbers (%) of patients.

CAD: coronary artery disease; AMI: acute myocardial infarction; PCI: percutaneous coronary intervention; CABG: coronary artery

bypass graft.
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Figure 2

Numbers of patients
with acute myocar-
dial infarction (AMI)
in various popula-
tions in the two years
before (3/2006-2/2007
and 3/2007-2/2008)
and the year after
(3/2008-2/2009)
implementation of a
public smoking ban.
* p<0.05 vs. each of
the two previous
12-month periods.
CAD: coronary artery
disease; AMI: acute
myocardial infarction;
PCl: percutaneous
coronary interven-
tion.

and after implementation of the public smoking ban. A
p-value of <0.05 was considered statistically significant.

Statistical analyses were performed using STATISTICA
software, version 8.0 (StatSoft Inc., Tulsa, OK, USA).

Results

In the two 12-month periods before imple-
mentation of the public smoking ban, a similar
number of patients with AMI underwent coronary
angiography at the Kantonsspital Graubuenden
(229 vs. 242; p = not significant). In the 12 months
after adoption of smoke free legislation, the

Figure 1

Numbers of patients with ST-elevation myocardial infarction
(STEMI) and non-ST-elevation myocardial infarction
(NSTEMI) in Graubuenden in the two years before (3/2006-
2/2007 and 3/2007-2/2008) and the year after (3/2008-2/2009)
implementation of a public smoking ban. The reduction of
the overall myocardial infarction incidence observed after
adoption of smoke-free legislation was caused by a similar
decrease in the incidence of STEMI and NSTEMI.

* p <0.05 vs. each of the two previous 12-month periods.
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number of AMI patients dropped significantly to a
total of 183 (fig. 1). Thus, when taking the average
of the two years preceding implementation of the
smoking ban, an overall 22% reduction in the in-
cidence of AMI was observed in the first year after
the public smoking ban became effective. This re-
duction was due to a similar decrease in the
number of patients with both STEMI and
NSTEMI (fig. 1).

Baseline characteristics of the study popula-
tion are shown in table 1. Compared with the two
preceding years, the number of residents and non-
residents with AMI decreased by 25% and 21%,
respectively, following implementation of the
public smoking ban. Thus, the pre- and the post-
ban proportions of patients with AMI were identi-
cal in both the resident and the non-resident pop-
ulation. However, a statistically significant reduc-
tion in AMI incidence after introduction of the
smoking ban was observed only in the resident
population, which accounted for almost three
quarters of all AMI patients in the three studied
time periods (fig. 2). In the first twelve months af-
ter adoption of smoke-free legislation, AMI rate in
men dropped significantly by 24% when com-
pared with the two previous years. In contrast, the
number of female AMI patients, who made up one
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quarter of all AMI cases, showed a non-significant
17% decrease in the same time period (fig. 2).
Also, in the first year after the public smoking ban
became effective, the incidence of AMI in non-
smokers was significantly lower (30% reduction)
than in the two years before, whereas smokers

showed similar AMI rates before and after imple-
mentation of the ban (fig. 2). Finally, following
adoption of smoke-free legislation, AMI rates fell
significantly by 50% in patients with established
CAD, including those with prior AMI (57% re-
duction) or prior PCI (46% reduction) (fig. 2).

Discussion

In contrast to the well known association be-
tween smoking and the risk of fatal and non-fatal
CAD, the fact that exposure to secondhand smoke
increases the risk of CAD in nonsmokers by up to
30% is less well appreciated [2]. For the first time
in Switzerland, the present study demonstrates a
significant decrease in the incidence of AMI,
within the first year, after reducing the general
population’s exposure to secondhand smoke by
implementation of a smoking ban in public build-
ings.

Our results, showing a 22% reduction in the
incidence of AMI after adoption of smoke-free
legislation, are in line with those reported in sev-
eral other countries, where smoke-free policies
have been introduced earlier [4-15]. A recently
published meta-analysis, which included all of the
currently published, peer-reviewed original arti-
cles on the impact of public smoking bans on the
incidence of acute coronary syndromes, concluded
that such bans are associated with a 17% overall
reduction in the risk of AMI [18]. Moreover, the
authors noted that the beneficial effect of smoking
bans on AMI incidence grows with time, resulting
in an additional decrease in the AMI incidence of
26% with each year of post-ban observation. Con-
sistent with these findings, another recent meta-
analysis on the same topic concluded that imple-
mentation of smoke-free legislation may lead to a
~15% drop in AMI incidence during the first year
and a continuing exponential decline, reaching
~36% after three years [19].

~Graubuenden is a well known holiday desti-
nation, recording a total of ~6 million visitor over-
night stays every year. Therefore, it is not surpris-
ing that non-residents made up more than one
quarter of all AMI cases in our study. Notably,
when compared with the resident population,
non-residents showed only a slightly lower pro-
portional decrease in the incidence of AMI after
implementation of the public smoking ban (-21%
vs. —25%). However, given the relatively small
number of non-residents, this reduction did not
reach statistical significance. Hence, the overall
decrease in the incidence of AMI observed after
adoption of smoke-free legislation was mainly
driven by a reduction of the number of resident
AMI patients. Nevertheless, the equal percentage
of non-residents in the pre- and the post-ban pe-
riod suggests that not only residents but also non-
residents benefited from the public smoking ban.
Based on this observation, it may be speculated

that not only a long-term but even a short-term
reduction of secondhand smoke exposure may re-
sult in a beneficial effect on coronary health.

The reduction in the rate of AMI observed af-
ter the introduction of smoke-free legislation in
the present study was largely caused by a decrease
in the incidence of AMI in men, who accounted
for three quarters of all AMI cases. Similar results
were reported by investigators in Rome, Italy and
in the Italian 4 regions study [5, 6]. In contrast, in
another Italian study of the Piedmont region and
in a Scottish study women experienced a larger
decrease in AMI rates than men following imple-
mentation of a public smoking ban [4, 7]. For now,
the reasons for these contradictory results remain
unclear. It has been suggested that a greater ben-
efit in men might be attributed to their higher
prevalence of smoking, allowing for a larger per-
centage to quit [18]. On the other hand, data from
Scotland showing a greater post-ban reduction in
serum cotinine levels in nonsmoking women com-
pared with men suggest a more pronounced re-
duction in secondhand smoke exposure in women
than in men [7]. In addition, the relative risk asso-
ciated with smoking seems to be greater in women
[18].

In the present study, the reduction in the rate
of AMI observed after introduction of the smok-
ing ban in public buildings was essentially re-
stricted to nonsmokers. This observation is con-
sistent with findings in Scotland, where nonsmok-
ers accounted for a total of 67% of the decrease in
the number of admissions with acute coronary
syndromes observed after implementation of a
smoking ban [7]. Similarly, investigators in Mon-
roe County, Indiana, USA reported a 70% decline
in AMI incidence in nonsmokers compared with
no change among smokers after adoption of
smoke-free legislation [12]. Together with these
data, our results suggest that smoke-free policies
achieve their primary aim of protecting nonsmok-
ers from secondhand smoke.

To our knowledge, the present study is the
first to demonstrate that individuals with estab-
lished CAD might particularly benefit from public
smoking bans. Indeed, among patients with known
CAD we observed a 50% drop in AMI incidence
during the first year of the ban. Notably, this de-
crease was most pronounced in patients with a his-
tory of a previous myocardial infarction. Thus,
given that the prevalence of vulnerable atheroscle-
rotic plaques is higher in patients with prior myo-
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cardial infarction [20], it can be speculated that
secondhand smoke exposure may be particularly
hazardous for this population by triggering fur-
ther destabilization and rupture of preexisting vul-
nerable plaques.

The mechanisms by which secondhand smoke
may increase the risk of acute coronary syndromes
are thought to include platelet activation, induc-
tion of endothelial dysfunction, increase in arterial
stiffness, enhanced oxidative stress, reduced anti-
oxidant defense, induction of inflammation, de-
creased parasympathetic output, and an increase
in insulin resistance [2, 21, 22]. Notably, most of
these detrimental effects are observed at very low
exposure doses and occur within minutes or hours
after exposure to secondhand smoke. This might
explain why the beneficial effects of smoking bans
seem to be rapid, with declines in AMI rates within
3 months in certain regions [6]. However, al-
though implementation of public smoking bans is
associated with a significant decrease in overall
secondhand smoke exposure [7], it should be
noted that such regulations can also affect the
magnitude and prevalence of active smoking. In-
deed, it has been demonstrated that introduction
of smoking laws is followed by a decrease in ciga-
rette consumption in those who continue to smoke
but also by an increase in the proportion of people
who quit smoking, resulting in a reduction of
smoking prevalence [23].

Given the aforementioned deleterious effects
of secondhand smoke on vascular health, it ap-
pears plausible that the significant decrease in the
incidence of AMI observed after realization of a
public smoking ban in the Canton of Graubuen-
den represents the consequence of the popula-
tion’s reduction in secondhand smoke exposure.
However, the proof of causality between smoke-
free legislation and reduced AMI rate represents
one of the major limitations of studies on this
topic, including the current study. It has been ar-
gued, that the decrease in the incidence of AMI
observed after implementation of public smoking
bans could just mirror a temporal trend [24]. In
the case of AMI, variation of the size of the popu-
lation at risk, random variability of the number of
AMI patients over a specific period of time, and
promotion of other preventive measures such as
the use of lipid-lowering therapy are factors that
may affect incidence over time. In this regard, it
should be noted that the size of the resident popu-
lation in the Canton of Graubuenden was similar
in all three analyzed 12-month time periods, as
was the number of non-residents as assessed by
the number of visitor overnight stays. In order to
minimize a potential confounding effect of ran-
dom temporal case variability on our results, we
assessed the numbers of AMI patients in the two
consecutive years preceding the ban. Remarkably,
the number of patients with AMI was virtually
identical in the two pre-ban years. Thus, the lack
of considerable variability in the numbers of pa-
tients experiencing an AMI in the two years before

the ban and the magnitude of the decrease in the
AMI frequency after the ban argue against a “nat-
ural” temporal trend towards a lower rate of AMI
in the present study. In contrast, an increase in the
use of lipid-lowering drugs during the study pe-
riod might represent an issue. Indeed, since 2006,
sales figures of lipid-lowering drugs increased
gradually by about 9% every year in the Canton of
Graubuenden. However, the temporal course of
AMI incidence showing a stable (or even slightly
increasing) number of AMI patients in the two
pre-ban 12-month periods followed by an abrupt
22% drop within the first year after adoption of
smoke-free legislation, contrasts with the linear
increase in the use of lipid-lowering drugs in
Graubuenden during the entire study period.
"Thus, although wider use of lipid-lowering drugs
might have contributed to some decline in the fre-
quency of AMI in our study, the obvious temporal
coincidence between implementation of the pub-
lic smoking ban and the drop in the AMI rate on
the one hand and the lack of a temporal relation-
ship between increased lipid-lowering drug con-
sumption and AMI incidence on the other, argue
against a major impact of lipid-lowering therapy
on the results of the present study. Further sup-
port for a substantial beneficial effect of public
smoking bans, stems from five studies which used
comparison sites without smoking laws [7-9, 12,
13]. Although in some of these studies, non-ban
areas showed some decrease in AMI incidence,
too, these reductions were always much smaller
than those observed in sites with smoking bans.
Finally, the consistency in the findings of several
studies performed worldwide on this topic and the
results of two recently published meta-analyses
represent strong arguments for a substantial pre-
ventive effect of public smoking bans on the risk
of AMI [4-15, 18, 19].

In summary, although a recent study demon-
strated that the prognosis of patients with AMI has
improved significantly within the last years in
Switzerland [25], primary prevention of AMI
should be our primary goal. In the present study,
for the first time in Switzerland, but similar to
other countries, we were able to observe a signifi-
cant decrease in the incidence of AMI within the
first 12 months after implementation of a public
smoking ban. Collection of further data from pa-
tients with AMI in the future will help to deter-
mine, whether this decrease indeed represents a
true consequence of the population’s reduction in
secondhand smoke exposure or merely a temporal
trend in the incidence of AMI. In the former case,
implementation of a public smoking ban could be
regarded as an effective means to reduce the risk
of AMI in the general population.
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