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ORIGINAL ARTICLE

Effect of smoke-free legislation on the incidence of
sudden circulatory arrest in the Netherlands

Dianne de Korte-de Boer,1 Daniel Kotz,2 Wolfgang Viechtbauer,3 Emiel van Haren,4

Devina Grommen,2 Michelle de Munter,2 Harry Coenen,5 Anton P M Gorgels,4

Onno C P van Schayck2

ABSTRACT
Objective To investigate whether smoke-free legislation
in the Netherlands led to a decreased incidence of out-
of-hospital sudden circulatory arrest (SCA). Smoke-free
legislation was implemented in two phases: a workplace
ban in 2004 and an extension of this ban to the
hospitality sector on 1 July 2008.
Design Weekly incidence data on SCA were obtained
from the ambulance registry of South Limburg, the
Netherlands. Three time periods were distinguished:
the pre-ban period (1 January 2002e1 January 2004),
the first post-ban period (1 January 2004e1 July 2008)
and the second post-ban period (1 July 2008e1 May
2010). Trends in absolute SCA incidence were analysed
using Poisson regression, adjusted for population size,
ambient temperature, air pollution and influenza rates.
Results A total of 2305 SCA cases were observed
(mean weekly incidence 5.362.3 SD). The adjusted
Poisson regression model showed a small but significant
increase in SCA incidence during the pre-ban period
(+0.20% cases per week, p¼0.044). This trend changed
significantly after implementation of the first ban (with
�0.24% cases per week, p¼0.043), translating into
a 6.8% (22 cases) reduction in the number of SCA cases
after 1 year of smoke-free legislation. No further
decrease was seen after the second smoking ban.
Conclusions After introduction of a nationwide
workplace smoking ban in 2004, a significant decrease in
the incidence of out-of-hospital SCA was seen in South
Limburg. Poor enforcement of the 2008 hospitality sector
ban may account for the fact that no further decrease in
the incidence of SCA was seen at this time.

INTRODUCTION
Both active and passive smoking are well known
to have adverse effects on the cardiovascular
system.1e5 Even brief exposure to low doses of
environmental tobacco smoke (or ‘secondhand
smoke’) may lead to cardiovascular diseases among
non-smokers.4 6 Some of the adverse effects of
active smoking on the cardiovascular system are
reversible; after smoking cessation the excess risk of
cardiovascular disease among smokers drops on
average by 50% within the first year after stopping
and disappears completely within 10 years.1 An
equally rapid effect is suggested from a decline in
exposure to secondhand smoke.7

To protect citizens from the harm of second-
hand smoke, smoking in public places has been

prohibited in many countries. In the Netherlands,
smoke-free legislation was implemented in two
distinct phases. A general workplace smoking ban
came into effect on 1 January 2004. Thereafter, on 1
July 2008, catering, sports and cultural sectors
(further referred to as the ‘hospitality sector ’) lost
their exemption from the initial ban.
Previous studies from other countries have

clearly shown that smoking bans prevent
admissions to hospital for acute myocardial
infarction (AMI). Reported reductions after imple-
mentation of smoke-free legislation range from 2%8

to 40%.9 Three meta-analyses demonstrated that
the risk reduction increases with follow-up
time.10e12

No other single cardiovascular event has been
studied in relationship to the implementation of
smoking bans. It is of interest whether the effect of
smoke-free legislation can also be seen in out-of-
hospital sudden circulatory arrest (SCA), because
the medical and societal impact of this condition is
high. SCA is an unexpected, non-traumatic loss of
vital signs, such as consciousness, arterial pulse,
blood pressure and respiration, without preceding
complaints or within 24 h of the onset of
complaints.13 Coronary heart disease is the most
common cause of SCA, accounting for approxi-
mately 80% of all SCA cases.14 Other cardiac
causes, such as primary electrical heart diseases
and cardiomyopathies only account for a small
proportion of SCAs in the overall population.
Non-cardiac causes of SCA include trauma,
intoxication and ruptured aortic aneurysm.15

Most out-of-hospital SCA cases are treated by
emergency medical services. SCA affects many
people who are in apparently good condition (in
many people it is the first manifestation of
cardiovascular disease13 16), some of whom are still
actively participating in the labour force. With
a survival chance of only 9e16%,17e19 SCA has
a high societal impact.
This study aims to investigate the effect of the

2004 and 2008 smoking ban in the Netherlands on
the incidence of out-of-hospital SCA in South
Limburg between 1 January 2002 and 1 May 2010.
We hypothesised that the incidence of SCA would
decline shortly after introduction of each ban. To
the best of our knowledge, this is the first study
investigating a smoking ban that was implemented
in two separate phases and the first to use SCA as
main outcome measure.
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METHODS
Study population
This study was conducted in South Limburg, a region in the
Netherlands that encloses an area of 661 km2 (w255 square
miles) and is served by a single, centrally coordinated emergency
medical service provider. During the study period, the popula-
tion averaged 620 537 inhabitants, of whom 443 600 (71%) were
aged between 20 and 75 years.

Data collection
Data on SCA incidence were obtained from the routine emer-
gency medical service registry. Data have been prospectively
collected in a standardised way. Every time an ambulance is
dispatched, ambulance personnel complete a record containing
information on age, gender, cause of injury, situation on arrival
and medical care provided. These records are kept in the registry
for at least 15 years after the event.

All records of events between 1 January 2002 and 1 May 2010
were manually searched by four different researchers for people
who were either found dead or received resuscitation or defi-
brillation. All cases that explicitly fitted the definition of SCA
(unexpected, non-traumatic loss of vital signs without preceding
complaints or within 24 h of the onset of complaints) were
considered to be confident cardiac caused SCA cases. We excluded
subjects with cardiac symptoms >24 h before the event and
subjects of unknown age, younger than 20 years or older
than 75 years. We also excluded subjects with a circulatory arrest
after a traumatic event or intoxication, or in the terminal phase
of a chronic disease, in order to exclude non-cardiac caused cases
of SCA.

All cases of people found dead without the presence of any of
the exclusion criteria were also considered to be SCA cases. The
records of the remaining, ambiguous SCA cases were copied,
blinded for the date of the event and presented to a cardiologist
and a member of the emergency medical service. They discussed
these cases in order to reach a consensus as to whether or not
these were considered to be genuine, cardiac caused SCA cases.

Statistical analysis
Poisson regression was used to test whether there was a change
in the incidence of SCA after the 2004 and/or 2008 smoking ban.
Three time periods were distinguished: the pre-ban period, in
which no smoking ban was operative (1 January 2002e1
January 2004; 104 weeks); the first post-ban period, in which
workplace smoking ban came into effect (1 January 2004e1 July
2008; 235 weeks) and the second post-ban period, in which the
both bans were operative (1 July 2008e1 May 2010; 96 weeks).
The slope of the Poisson model was allowed to differ between
time periods. We tested whether a change in slope between time
periods was significantly different from zero.

The main outcome variable was the weekly number of incident
SCA cases. Weeks were defined according to calendar weeks from
Monday through Sunday. A log-transformed estimate of the
weekly population size of South Limburg between 20 and
75 years of age was included in the model as an offset variable, to
take into account the number of people at risk. Weekly population
estimates were obtained by linearly interpolating monthly
population numbers provided by Statistics Netherlands (CBS).

Additional variables that are known risk factors of SCA were
chosen a priori to be included in the model: ambient temper-
ature,20e22 airborne particulate matter23e25 and influenza
rates.26 Data on ambient temperature were obtained from the
Royal Netherlands Meteorological Institute (KNMI). Ambient
temperature was measured at two different locations in the

study area. We calculated the weekly mean temperature and the
weekly range in temperature. Since there is evidence that there is
a time lag between changes in temperature and the onset of
cardiovascular disease, the mean ambient temperature in the
previous week was also included in the model. Data on airborne
particulate matter (PM10) were obtained from the provincial
government of Limburg and the National Institute for Public
Health and the Environment (RIVM). In the study area, PM10

was measured at five different locations (rural and urban sites).
We used weekly mean PM10 concentrations. The weekly number
of influenza-like illnesses per 10 000 inhabitants of the
Netherlands was provided by the Netherlands Institute for
Health Services Research (NIVEL).
An estimate of the reduction in SCA incidence after 1 year of

smoke-free legislation was calculated based on the final Poisson
regression model. We calculated the difference between the
estimated incidence using the pre-existing trend and the esti-
mated incidence using the changed trend after the smoking ban
was implemented.

RESULTS
A total of 2305 SCA cases were observed, with a mean weekly
incidence of 5.362.3 SD cases (range 0e14 cases a week). The
population size in the study region decreased over time from
462 508 inhabitants between 20 and 75 years of age in the first
week to 435 560 in the last week of the study period. Of all
observed SCA cases, 1677 (72.8%) were confident SCA cases that
received resuscitation and/or defibrillation, 529 (23.0%) were
subjects found dead, and 99 (4.3%) were ambiguous SCA cases
that were included as genuine SCA cases. Of a total of 202
ambiguous SCA cases, 103 were excluded from the analysis.
Table 1 shows the distribution of these numbers over the three
time periods. Of the 2305 SCA cases, 66.7% were male and
25.8% were female and in 7.5% of all cases the gender was not
registered. The mean age of all observed SCA cases was
59.9610.8 SD years. Gender and age of the SCA cases were
equally distributed over the three time periods.
The grey line in figure 1 shows the absolute number of

observed SCA cases per week during the whole study period.
There was no indication of serial dependence in the incidence of
SCA (as examined based on the autocorrelation and partial
autocorrelation function of the weekly and monthly counts and
based on LjungeBox tests with an increasing number of
lags). Furthermore, decomposition of the series into seasonal,
trend/cyclical and error components showed no indication of
noteworthy seasonal patterns.
Based on the unadjusted (ie, without the covariates ambient

temperature, airborne particulate matter and influenza rates)
Poisson model, the estimated weekly SCA incidence was 1.05

Table 1 Distribution of incident out-of-hospital sudden circulatory
arrest (SCA) cases over three time periods*

Pre-ban
104 weeks

Post-ban 1
235 weeks

Post-ban 2
96 weeks Total

Confident SCA cases 437 883 357 1677

Subjects found dead 85 320 124 529

Ambiguous SCA cases

Included 31 48 20 99

Excluded 21 60 22 103

*The pre-ban period, in which no smoking ban was operative (1 January 2002e1 January
2004); the first post-ban period, in which the workplace smoking ban came into effect (1
January 2004e1 July 2008) and the second post-ban period, in which both smoking bans
were operative (1 July 2008e1 May 2010).
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cases per 100 000 at the beginning of the pre-ban period. The
estimated weekly SCA incidence rose to 1.30 cases per 100 000 at
the end of this period (ie, an increase of 24% over 104 weeks, or
+0.20% cases per week, p¼0.038, table 2). The introduction of
the first ban changed this increasing trend significantly, leading
to a decline in the weekly SCA incidence during the first post-
ban period. At the end of this period, the estimated weekly SCA
incidence had dropped to 1.14 cases per 100 000 (ie, a decrease of
12% over 235 weeks, or �0.05% cases per week, p¼0.098;
change in slope: �0.26% cases per week, p¼0.031, table 2). The
introduction of the second ban had no further significant influ-
ence on this trend; although the estimated weekly SCA inci-
dence had risen to 1.20 cases per 100 000 at the end of the second
post-ban period (ie, an increase of 5% over 96 weeks, or +0.05%
cases per week, p¼0.625, table 2), the change in the slope was
not significant (+0.11% cases per week, p¼0.414, table 2). The
trend lines of the unadjusted model are shown in bold lines in
figure 1. The goodness-of-fit test based on the residual deviance
suggested that the model fits the data (c2¼447.17, df¼431,
p¼0.29). Inspection of the (partial) autocorrelation function of
the Pearson residuals after fitting the model did not show any
serial dependency.

The adjusted Poisson regression model showed almost equal
results (table 3): in the pre-ban period the incidence of SCA
increased with +0.20% cases per week (p¼0.044). After intro-
duction of the first smoking ban, this trend changed significantly
with �0.24% cases per week (p¼0.043) to a slope of �0.04%
cases per week. The extension of the ban in 2008 did not result
in a significant change in trend in SCA incidence (p¼0.690).
None of the covariates had a significant association with the
incidence rate (p>0.11 for all covariates). Moreover, there was
no evidence of overdispersion in the data (ie, the ratio of the
Pearson c2 statistic to the degrees of freedom was equal to 1.01
and 0.99 for the unadjusted and adjusted models, respectively).
The changing trend after introduction of the workplace

smoking ban in January 2004 implies a reduction in SCA cases.
Had the ban not been introduced, the estimated SCA incidence

Figure 1 Absolute number of observed cases (grey lines) and trends in the incidence (bold lines) of out-of-hospital sudden circulatory arrest between
1 January 2002 (week 1) and 1 May 2010 (week 435). The vertical dotted lines represent the introduction of the two smoking bans, in week 105
(workplace ban) and week 340 (hospitality sector ban), respectively. The text boxes in the upper part of the figure display the slopes (regular font) and
changes in slopes (italic) of the unadjusted Poisson regression model. *Significant change in slope (p<0.05).

Table 2 Unadjusted Poisson regression model

Parameter B Lower Upper Significance

(Intercept) �11.4661 �11.6218 �11.3103 0.000

Slope pre-ban period 0.0020 0.0001 0.0040 0.038

Slope post-ban 1 period �0.0005 -0.0012 0.0001 0.098

Slope post-ban 2 period 0.0005 �0.0016 0.0027 0.625

Change in slope ban 1 �0.0026 �0.0049 �0.0002 0.031

Change in slope ban 2 0.0011 �0.0015 0.0036 0.414

Dependent variable: sudden circulatory arrest incidence; offset variable: population size;
covariates: week (pre-ban), week (post-ban 1), week (post-ban 2).

Table 3 Adjusted Poisson regression model

Parameter B Lower Upper Significance

(Intercept) �11.4203 �11.6936 �11.1470 0.000

Slope pre-ban period 0.0020 0.0000 0.0039 0.044

Slope post-ban 1 period �0.0004 �0.0011 0.0002 0.182

Slope post-ban 2 period 0.0001 �0.0021 0.0023 0.936

Temp mean 0.0003 �0.0012 0.0018 0.704

Temp mean previous week �0.0012 �0.0026 0.0003 0.110

Temp range �0.0001 �0.0014 0.0012 0.860

PM10 mean 0.0020 �0.0027 0.0066 0.412

Influenza rate 0.001 �0.013 0.015 0.901

Change in slope ban 1 �0.0024 �0.0048 0.0000 0.043

Change in slope ban 2 0.0005 �0.0021 0.0031 0.690

Dependent variable: sudden circulatory arrest incidence; offset variable: population size;
covariates: week (pre-ban), week (post-ban 1), week (post-ban 2), mean temperature,
mean temperature previous week; temperature range, mean PM10 concentration,
influenza rate.
PM, particulate matter.
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in 2004 (week 105 to week 157; ie, the first year of smoke-free
legislation) would have been w322 cases in total (based on the
mean population size of 443 600). With the influence of the
workplace smoking ban taken into account, the estimated SCA
incidence was w300 cases in 2004. This translates into a 6.8%
((322-300)/3223100%) reduction after 1 year of smoke-free
legislation.

Three sensitivity analyses were performed to verify whether
the resultant regression model was robust. First, we shifted
forward the start of the post-ban periods by respectively 1, 2, 3
and 4 weeks, to see if the relatively high incidence rate in the last
week of the pre-ban period was of great influence on the
regression model. We also shifted the introduction of the bans
backwards by 4 weeks, to take into account the situation in
which smokers anticipated the coming smoking bans by quit-
ting smoking before the bans came into effect. The resulting
incidence trends in all situations were similar to the original
analyses. Second, we ran the analysis with the confident SCA
cases only. Because of the lower incidence, the resulting slopes
did not reach significance, but the direction of the slopes was
comparable: a slope of +0.06% cases per week in the pre-ban
period, a change in slope of �0.10% cases per week in the first
post-ban period and a change in slope of +0.01% cases per week
in the second post-ban period. Finally, using a robust (Hubere
White) estimator of the varianceecovariance matrix of the
parameter estimates yielded no changes in the conclusions.

DISCUSSION
This study showed that after introduction of a nationwide
workplace smoking ban in the Netherlands in 2004, the inci-
dence of out-of-hospital SCA significantly decreased in the
region of South Limburg. The extension of the smoking ban to
the hospitality sector in 2008 did not lead to a further decrease.

This is the first study to investigate a health effect of two
separate smoking bans and the first to use out-of-hospital SCA
as the main outcome measure. Therefore, comparisons with
other studies are not straightforward. The reduction in SCA
incidence after introduction of the workplace smoking ban is in
line with reductions found in previous studies on admissions to
hospital for AMI,10e12 but no other evidence of an isolated effect
of a smoking ban in the hospitality sector is available.

The most reasonable explanation for our findings is that, on
a population level, the reduction in exposure to secondhand
smoke was larger after introduction of the workplace smoking
ban than after the smoking ban in the hospitality sector. On
average, people spend more time at the workplace than in
restaurants or bars. The considerably large effect of the work-
place smoking ban in 2004 may have left little room for
improvement in 2008, leading to no change at all or a change
that was too small to be observed in our study population. A
second explanation might be that the chaotic and inconclusive
way of enforcing the smoking ban in the hospitality sector, and
subsequent poor compliance with the hospitality sector ban in
the Netherlands, have resulted in a smaller population health
effect. A recently published study by Gonzalez and Glantz gives
a good overview of the failing implementation of the hospitality
sector smoking ban in the Netherlands.27 From the moment of
introduction, the hospitality sector smoking ban faced opposi-
tion, especially from owners of small bars and cafés, leading to
several lawsuits, partial revocation of the ban in 200928 and re-
enforcement of the ban in 2010. While the compliance with the
ban was initially high (94% of all hospitality premises were
completely smoke-free in the winter of 2008e9), the percentage
of non-compliant cafés and discotheques increased significantly

from 24% in 2008e9 to 50% in 2010.29 In November 2010, the
Dutch government agreed on a partial repeal of the smoking ban
for small bars and cafés in 2011. Thereafter, 73% of the
exempted small bars and cafés allowed indoor smoking again
and 50% of the cafés that still fell under the ordinance were non-
compliant with the smoking ban.30

The estimated cumulative risk reduction of 6.8% after 1 year
of the workplace smoking ban is smaller than the 15e36%
reduction on the effect on admissions to hospital for AMI found
by previous studies. This is possibly owing to a more complex
aetiology of SCA than AMI. While SCA is mostly due to
ischaemic heart disease, in approximately 20e30% of all SCA
cases the underlying cause is non-cardiac. In these cases no
beneficial effect of reduced exposure to secondhand smoking is
expected. Although we made an effort to minimise the number
of non-cardiac caused SCA cases in our study by excluding
victims of traumatic events and intoxication, the possibility that
some non-cardiac caused cases remained in our analysis, might
have led to a smaller observed reduction. However, because of
the high societal impact of SCA, even a small reduction in
incidence is of great benefit for public health and societies.
Moreover, the calculation of the absolute reduction after 1 year
of smoke-free legislation is merely an illustration of the observed
effect. The workplace smoking ban has been effective now for
more than 7 years nationwide. When we extrapolate our
regional study results to the whole Dutch population (w16
million people), the workplace smoking ban prevented at least
784 people having SCA in the first year after the ban came into
effect and 16 638 people in the whole period between intro-
duction of the first and second smoking ban.
The main limitation of our study is the lack of a control

population, which is a common problem in studies on this
topic. A geographical control population could only be identified
in a neighbouring country where no smoking ban was yet
operative; but this was not feasible. Even if it were, it would be
hard to obtain adequate comparability, because of cultural,
legislative and healthcare differences between countries. There-
fore we controlled for a pre-existing trend in SCA incidence in
the study region. Results of ecological studies should always be
interpreted with caution, because measured or unmeasured
factors may be involved that are not accounted for in the
analyses.
Another limitation is that we used routinely collected data,

lacking individual information on smoking status and exposure
to secondhand smoke. This makes it impossible to distinguish
between effects of reduction in active and passive smoking. A
reduction in active smoking may partly explain the decreased
incidence of SCA. From a study on population impact of smoke-
free legislation in the Netherlands on smoking behaviour, it was
concluded that the 2004 workplace smoking ban was followed
by more changes in smoking prevalence and smoking cessation
attempts than the extension of the smoking ban in 2008.31

Furthermore, our study population was relatively small. Repli-
cation of our findings in a larger population and based on indi-
vidual-level data is therefore recommended.
The strengths of this study are that we used a long follow-up

period, were able to evaluate two separate phases of smoke-free
legislation and evaluated an outcome measurednamely SCA,
which has not been previously studied in relation to smoking
bans. Also, the main outcome measure of SCA is clearly defined
and well registered in the study region. Another strength is that
we adjusted for three important predictors of SCA and because
of the regional setting of this study we were able to adjust for
temperature and airborne particulate matter on a regional level.
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In conclusion, this study adds to the evidence that smoking
bans benefit public health by reducing the risk of acute cardio-
vascular events. Moreover, this study shows that a workplace
smoking ban is effective for preventing a condition with a high
medical and societal impact. This evidence strengthens the
arguments for the introduction and continuation of smoke-free
legislation, which is especially important in countries such as
the Netherlands where small bars and cafés are exempted from
the ban and many other cafés are non-compliant with the ban.
Replication of our findings in a larger population and based on
individual-level data is recommended.
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