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ABSTRACT
Objective: To describe the changes in nationwide
acute myocardial infarction (AMI) incidence following
the implementation of a law banning smoking indoors
in restaurants on 1 June 2007.
Methods: Retrospective registry study of all
hospitalisations for AMI in Finland. All 34 887
hospitalisations for AMI between 1 June 2005 and 31
May 2009 were identified from the Care Register for
Health Care (CRHC) and statistics for tobacco
consumption were obtained from the National Institute
for Health and Welfare. Comorbidities for individual
hospitalisations were searched from the CRHC.
Results: The incidence rate of AMI was reduced by
6.3% (95% CI 4.1% to 8.6%; p<0.0001) in the latter
half of the study period following the smoking ban
when adjusted for age, gender and overall population
prevalence of smoking. Short-term incidence of AMI
(6-month prior vs 6 months after the smoking ban)
was also reduced (4.5%, 95% CI 0.2% to 9.0%;
p=0.0399) and was largest in the working middle-aged
group (40–50 years) but observed also in the oldest
age group (>70 years). The incidence rates declined
similarly for men and women.
Conclusions: Banning indoor tobacco smoking in
restaurants was associated with a mild additional
reduction in AMI incidence on a nationwide level in
Finland.

INTRODUCTION
Tobacco smoke exposure, both first-hand
and environmentally, has been unequivocally
linked to an increased risk of ischaemic
heart disease and acute myocardial infarction
(AMI)1 and the effect is seen already at low
exposure levels.2 3 Tobacco smoke increases
the risk of acute cardiac events by multiple
mechanisms including prothrombotic effects,
low-density lipoprotein oxidation, activation
of inflammatory pathways and impaired vas-
cular repair.4–6 A previous Cochrane review
suggested that indoor smoking bans have
decreased the incidence of AMI on a popula-
tion level via a decrease in secondhand
smoking (SHS).7

Smoking in workplaces has been prohib-
ited in Finland since 1995. This was followed
by a 2–3% reduction in smoking prevalence
in the following year. The ban did not ini-
tially include restaurant workers but was
extended to cover them in 2000. However,
since restaurant customers were still allowed
to smoke indoors uninhibited, the extension
was deemed insufficient to protect restaurant
workers and since 1 June 2007 smoking has
been prohibited indoors in all public places.
Large restaurants were allowed to request for
transition time until June 2009 but only 5%
of restaurants used this opportunity.
Restaurants and other workplaces are
allowed to build isolated, air-conditioned
smoking cubicles. The aim of this study is to
retrospectively assess the effects of the new
legislation on the incidence of AMIs in
Finland.

MATERIALS AND METHODS
We searched the Care Register for Health
Care (CRHC), a nationwide obligatory and
automated database maintained by the
Finnish National Institute for Health and

Strengths and limitations of this study

▪ This is a study into the effects of a restaurant
smoking ban on incidence of acute myocardial
infarction (AMI) in a situation where working
place smoking is already prohibited. A validated,
obligatory national registry was used to provide
reliable nationwide coverage.

▪ Limitations of this study include the unavailabil-
ity of detailed data on tobacco smoke exposure,
medication or therapies implemented. In add-
ition, our data do not cover patients who died of
an AMI prior to reaching hospital.

▪ The decline in AMI incidence in the oldest age
groups after the implementation of the ban may
be confounded by the previously reported
general decline of incidence in these age groups.
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Welfare that contains hospital discharge diagnosis codes
of all medical admissions in Finland, for patients dis-
charged from hospital with a primary diagnosis of AMI
(International Classification of Diseases, Revision 10,
ICD-10 codes I21.0–49).
The study period was from 1 June 2005 up to 31 May

2009 and the search covered all University Hospitals
(n=5) and Central Hospitals (n=17) in Finland (2007
population 5 300 484) along with eight of the largest dis-
trict hospitals. This sample includes all Finnish hospitals
that have a coronary catheterisation laboratory and a
cardiac care unit and to which all acute coronary
patients in scope of active treatment are transferred.
Secondary diagnoses of the admission were used to iden-
tify comorbidities. Patients who had been transferred
from one hospital to another were identified and are
presented only once in the results.
Data were divided into two main time periods: prelegi-

slation (from 1 July 2005 to 31 May 2007) and postlegi-
slation (1 June 2007 to 31 May 2009). For evaluation of
the immediate implications of the legislation, the period
was divided into 6-month periods. Data on smoking
prevalence in the general population by gender, age and
year were obtained from Statistics Finland (http://www.
tilastokeskus.fi), the national authority conducting con-
tinuous smoking surveillance in Finland. The smoking
data are nationwide and include all age groups.

Statistical methods
Continuous variables were described in terms of mean
and SD. Categorical variables were presented as frequen-
cies and proportions (percentages). The generalised
linear model was fitted using the Poisson distribution to
describe the count of infarctions in terms of incidence
rate ratios. The logarithmically transformed population
size was used as an offset parameter. The results were
adjusted for gender, age and smoking habits. All analyses
were conducted using the SAS System for Windows,

V.9.4TS1M1 (SAS Institute Inc., Cary, North Carolina,
USA). p Values less than 0.05 were considered as statis-
tically significant.

RESULTS
There were 656 044 hospitalisations on internal medi-
cine wards during the study period of which 34 887 were
for a primary diagnosis of AMI. The mean age of
patients with AMI was 68±11 years and the majority were
male (66%). Patient features and comorbidities prior to
and after 1 June 2007 are presented in table 1. A slightly
larger proportion of patients with AMI were female in
the first half of the study period.
The incidence rate of AMI was reduced by 6.3% (95%

CI 4.1% to 8.6%; p<0.0001, table 2) in the 2 years follow-
ing the smoking ban when compared to the prelegisla-
tion period and adjusted for age, gender and overall
population prevalence of smoking (figure 1). Short-term
reduction in incidence of AMI was observed already in
the 6 months following the ban (4.5% compared to the
preceding 6 months, 95% CI 0.2% to 9.0%; p=0.0399,
figure 2), and was most prominent in the working
middle-aged group (40–50 years) but observed also in
the oldest age group of those over 70 years.
Increasing age and male gender were associated with

increased risk for AMI (table 2). Furthermore, age-
specific and gender-specific smoking prevalence in the
general population (figure 3) was also associated with
occurrence of AMI (table 2). AMI presented with
ST-segment elevation (STEMI) in 37% (n=12 923) of
patients. The ratio between STEMI and non-STEMI
(NSTEMI) did not change over the study period.

DISCUSSION
This study associates a nationwide ban on indoor
tobacco smoking in public places with an immediate
4.5% reduction and a longer term 6.3% reduction in

Table 1 Comorbidities and characteristics of patients hospitalised between June 2005 and May 2009 for acute myocardial

infarctions in Finland before and after the law banning indoor smoking in restaurants since June 2007

Variable
Before June 2007
(n=18 487)

After June 2007
(n=16 400) p Value

Age 68.5±11.4 68.3±11.3 0.187

Female gender 6491 (35.1%) 5453 (33.3%) <0.001

Hypertension 2869 (15.5%) 2615 (15.9%) 0.275

Diabetes 1630 (8.8%) 1464 (8.9%) 0.719

Hypercholesterolaemia 1435 (7.8%) 1364 (8.3%) 0.057

Congestive heart failure 1985 (10.7%) 1770 (10.8%) 0.868

Atrial fibrillation 1085 (5.9%) 969 (5.9%) 0.876

Peripheral arterial disease 145 (0.8%) 150 (0.9%) 0.185

Chronic lung disease 447 (2.4%) 357 (2.2%) 0.134

Chronic kidney disease 157 (0.8%) 154 (0.9%) 0.373

Malignancy 191 (1.0%) 169 (1.0%) 0.980

Prior revascularisation 666 (3.6%) 553 (3.4%) 0.242

Rheumatoid arthritis 102 (0.6%) 80 (0.5%) 0.408

Thyroid disease 46 (0.2%) 52 (0.3%) 0.229
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the incidence rate of AMIs on a population level in
Finland. The reduction of AMI rate was most notable in
the working-age population aged 40–50 years but
observed also in people >70 years of age. No difference
in rate reduction between genders was found and nor
did the ratio of STEMI to NSTEMI change.
A previous meta-analysis of studies on the effect of

indoor smoking bans showed an average reduction of
17% in AMI incidence with individual studies ranging
between a non-significant increase and a 50% reduc-
tion.7–13 The current study demonstrated only a 4.5%
reduction in AMI incidence when comparing the first
and latter halves of the year 2007 and a 6.3% reduction
on a longer time scale. The most obvious reason for the
modest reduction in our study is that there are differ-
ences in smoking bans: for example, in Italy the ban was
implemented in all working places, whereas in Finland
smoking in other workplaces than restaurants had been
banned since 1995, making the target population in the
present study considerably smaller. Moreover, the declin-
ing smoking prevalence in Finland was associated with
reductions in AMI incidence in this study, although the
countries represented in the meta-analysis by Meyers

and colleagues had similar and declining smoking preva-
lences of 24–29% before implementation of the bans. It
should be noted that, despite significant improvement
attributable to nationwide public health measures in the
past decades, Finland has an almost twofold AMI inci-
dence compared to the countries describing reduced
AMI incidence following indoor smoking bans.14 Thus,
the absence of a more pronounced effect cannot be
attributed to the low rate of vascular events in the popu-
lation. On the other hand, in comparison with many
other countries, the proportion of STEMI as the form of
AMI has steadily increased in Finland.15–18 The reason
for this is unknown, but considering the pathophysio-
logical differences of STEMI and NSTEMI,19 one could
suppose that population-specific factors might result in
differences between clinical outcomes of smoking bans
in different countries. However, our results showed no
change in the ratio of STEMI versus NSTEMI over the
study period.
The reduction in AMI incidence following the ban

was greatest in the age group 40–50 years, which
includes restaurant patrons and a large proportion of
the approximately 43 000 persons who were classified as
restaurant staff in 2008 (data obtained from the Finnish
Ministry of Education). It is conceivable that the new
legislation could have deterred smoking in a number of
active smokers among this populace and thus further
reduced first-hand and environmental exposure to
tobacco smoke both inside and outside restaurants. The
fact that tobacco smoking prevalence decreased mark-
edly in persons aged 25–60 years between 2007 and 2008
(Finnish National Institute for Health and Welfare
Tobacco Statistics 2014) lends support to the aforemen-
tioned hypothesis.20 This could also explain why there
was no reduction in AMI incidence in the age group
60–70 years as their smoking prevalence rather showed
an increase. Furthermore, the decline in smoking preva-
lence was greater in those aged 40–50 years compared to

Table 2 Factors associated with AMI incidence in Finland

between June 2005 and May 2009

Variable IRR 95% CI p Value

Age (per year) 1.050 1.048 to 1.051 <0.0001

Male gender 1.578 1.536 to 1.621 <0.0001

Period before

1 June 2007*

1.063 1.041 to 1.086 <0.0001

Higher smoking

prevalence per %†

1.031 1.028 to 1.034 <0.0001

*A nationwide legislation banning indoor smoking in restaurants
was implemented on 1 June 2007.
†Age-adjusted and gender-adjusted yearly nationwide smoking
prevalence in the population aged 15 years and older.
AMI, acute myocardial infarction; IRR, incidence rate ratio.

Figure 1 Incidence of hospitalisation for acute myocardial

infarction in Finland. 1 June 2007 was the date of

implementation of a nationwide restaurant smoking ban.

Figure 2 Incidence rate ratios of acute myocardial infarction

for 6-month intervals in Finland. Dotted line indicates

implementation of a new law banning smoking in restaurants.

1 indicates the first half of the year and 2 the latter half (eg,

2009/1 and 2009/2).
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those aged 50–60 years. Additionally, we do not have
data as to when exactly during the study period the
decline has taken place, and possible differences in the
temporal pattern of quitting smoking could explain the
differences. Even greater declines in smoking prevalence
were observed in the population aged below 40 years,
but the marginal incidence of AMI in these age groups
probably explains the lack of effect on AMI incidence.
Non-smoking rapidly halves the risk of myocardial infarc-
tion.21 In 2007, an environmental tobacco smoke expos-
ure of over 4 h per shift occurred for 37% of restaurant
waiters and 67% of bartenders and about 28% of res-
taurant workers were active smokers.22 Previous studies
have already shown that the 2007 ban was effective in
reducing environmental exposure and, consequently,
symptoms in restaurant workers.23 This reduction in
occupational exposure alone should translate into some
hundreds of AMIs less per year such as have been shown
in the results of this study.
Interestingly, the oldest age group (70 years and over)

showed reduced rates of AMI following the ban in our
study. Since people of this age do not frequent restau-
rants and bars and showed no decline in smoking preva-
lence following the ban, it seems there must be some
other explanation for their reduced risk. Indeed, earlier
studies have shown that up to 67% of the reduction in
AMI incidence after smoking bans may be accounted for
by non-smokers13 and these effects may be conveyed by
the decreased smoking of carers and relatives in the case
of the elderly. Considering that the risk of AMI rises
with age,24 it seems probable that elderly people are also
more sensitive to external AMI triggers than younger
ones. Nevertheless, the decline in AMI incidence in
European populations over the past decades has been
shown to be more pronounced in the age group of 65–
74 years compared to those aged 35–64 years25 and this
may confound the results of the elderly. However, the
fact that we found no change in the AMI risk of those

aged 60–70 years decreases the likelihood this develop-
ment has affected our results decisively.
Limitations of this study are those inherent to a retro-

spective registry study; that is, all confounders cannot be
accounted for particularly as the study group had no
access to individual patient records but only the infor-
mation contained in the CRHC, which, however, has
been validated for patients with AMI.26 Since our data
consisted only of those patients with AMI who were
admitted, those who died prior to hospitalisation were
not included. Whereas other studies that have shown a
negligible effect of indoor smoking bans on AMI inci-
dence have speculated that the modest effect might have
been due to short follow-up periods,8 27 28 this study had
an extensive observation period and our results are com-
parable in the short and long terms, adding to the
strength of our study. However, even as the association of
the smoking ban with a reduction in the AMI rate is
evident in this study, the prolonged effects are harder to
discern, especially as there was a nationwide public
health project from 2000 to 2010 aimed at improving
outcomes of diabetes; this project has no doubt affected
AMI rates in addition to other outcomes.29 Lastly, the
effect of environmental tobacco smoke exposure on the
risk of cardiovascular disease is dependent on the dose
and duration of exposure.4 Our ecological study design
does not allow us to account for these factors, so our
interpretation focuses on the population level. We found
the incidence of AMI diagnoses to decrease in the first
half of 2006 compared to 2005. Although reasons for
this remain speculative, it may be related to the transi-
tion phase in the more widespread use of non-high sen-
sitivity troponin assays in AMI diagnosis.

CONCLUSIONS
Legislative measures stopping indoor smoking in restau-
rants and other public spaces coincided with an incre-
mental reduction in the incidence of AMIs on a
national level in Finland. These results suggest that in a
country with an already implemented prohibitive legisla-
tion on workplace smoking, the incidence of AMI can
still be modestly reduced with a ban on restaurant
smoking. However, factors associated with the continual
decline of AMI incidence may also explain this finding
to some extent.
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