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ABSTRACT

Aim To develop a simulation model projecting the effect of tobacco control policies in the Netherlands on smoking
prevalence and smoking-attributable deaths. Design, setting and participants Netherlands SimSmoke—an adapted
version of the SimSmoke simulation model of tobacco control policy—uses population, smoking rates and tobacco
control policy data for the Netherlands to predict the effect of seven types of policies: taxes, smoke-free legislation, mass
media, advertising bans, health warnings, cessation treatment and youth access policies. Measurements Outcome
measures were smoking prevalence and smoking-attributable deaths. Findings With a comprehensive set of policies,
as recommended by MPOWER, smoking prevalence can be decreased by as much as 21% in the first year, increasing to
a 35% reduction in the next 20 years and almost 40% by 30 years. By 2040, 7706 deaths can be averted in that year
alone with the stronger set of policies. Without effective tobacco control policies, almost a million lives will be lost to
tobacco-related diseases between 2011 and 2040. Of those, 145 000 can be saved with a comprehensive tobacco
control package. Conclusions Smoking prevalence and smoking-attributable deaths in the Netherlands can be
reduced substantially through tax increases, smoke-free legislation, high-intensity media campaigns, stronger adver-
tising bans and health warnings, comprehensive cessation treatment and youth access laws. The implementation of
these FCTC/MPOWER recommended policies could be expected to show similar or even larger relative reductions in
smoking prevalence in other countries which currently have weak policies.

Keywords Prevalence rates, public policy, simulation model, smoking-attributable deaths, the Netherlands,
tobacco control policy.

Correspondence to: Gera E. Nagelhout, STIVORO Dutch Expert Centre on Tobacco Control, PO Box 16070, 2500 BB The Hague, the Netherlands.
E-mail: gnagelhout@stivoro.nl
Submitted 24 June 2011; initial review completed 15 August 2011; final version accepted 5 September 2011

INTRODUCTION

Globally, it is estimated that 5 million premature deaths
each year are attributable to smoking, with trends driving
a rise to 10 million deaths per year by the 2030s [1].
Substantial evidence indicates that higher cigarette
taxes, smoke-free legislation, advertising bans and well-
funded media campaigns can reduce adult smoking rates
appreciably, especially when combined as a comprehen-
sive strategy [2,3]. Evidence is mounting for health warn-
ings [4] and cessation treatment coverage [5].

The World Health Organization (WHO) has set out
the Framework Convention on Tobacco Control (FCTC).
The MPOWER Report [6] has defined a set of policies
that are consistent with the FCTC. MPOWER suggests
that each nation impose taxes on cigarettes that
constitute at least 70% of the retail price, require large,
bold and graphic health warnings, provide broad access
to cessation treatments, conduct a well-funded mass
media campaign and implement and enforce com-
prehensive smoke-free legislation and advertising
restrictions.
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The Netherlands ratified the FCTC in January 2005.
Since 2000, the Netherlands has increased taxes on ciga-
rettes, strengthened advertising restrictions and health
warnings on cigarette packs, implemented smoke-free
legislation and mass media campaigns and offered a quit-
line. Although considerable progress has been made,
Dutch tobacco control policies are not compliant with
WHO guidelines. For example, taxes on cigarettes are
57% of the retail price in the Netherlands [6,7] rather
than the 70% recommended by MPOWER guidelines.
Also, the Dutch smoke-free legislation does not apply
to all bars and allows for designated smoking rooms in
all workplaces. This study uses a simulation model to
examine the effect of Dutch policies implemented since
1996 and to predict the effect of implementing stricter
policies fully consistent with WHO guidelines.

Most statistical studies of tobacco control policies have
examined the effect of only one or, at most, two policies
(e.g. [8–10]) because the ability to untangle the effects of
tobacco control policies on smoking rates is often limited
by a lack of data or models that cannot statistically dis-
tinguish the effects. Simulation models combine informa-
tion from different sources to provide a useful tool for
examining how the effects of public policies unfold over
time in complex social systems [11,12]. Simulation
models examining the effect of tobacco control policies
have been developed by Mendez & Warner [13,14], Tengs
et al. [15,16], Ahmad [17,18] and Levy et al. [12,16,19].
In the Netherlands, the chronic disease model has been
used to examine the impact of tobacco control policies on
smoking rates and health risks, but has not modelled the
full set of MPOWER interventions [20,21]. The Sim-
Smoke model of Levy et al. simultaneously considers a
broader array of public policies than other models [22]
and has been validated in several countries [23,24] and
states [25, 26, 27].

In order to examine past trends in smoking rates and
the potential effect of tobacco control policies on future
smoking rates, a modified version of SimSmoke has been
developed for the Netherlands. The Netherlands is an
interesting case, because Dutch tobacco control policy
has seen a marked improvement between 2000 and
2004, followed by a long period of stagnation. This pro-
vides a good setting to demonstrate the ability of the Sim-
Smoke model to do two things: to calculate the impact of
real policy changes and to examine what could poten-
tially be accomplished with full implementation of
MPOWER policies. The Netherlands has strong tobacco
control policies relative to many of the other high-income
countries [28].

Using data from the Netherlands on population, birth
rates, death rates and smoking rates, the model predicts
future smoking rates. Using data on relative mortality
risks, the model also estimates the number of smoking-

attributable deaths (SADs). Netherlands SimSmoke
shows the effect of policies implemented since 1996. The
model also assesses the effect of MPOWER interventions
and youth access restrictions. The following research
questions are examined in this study:
1 What would have been the smoking prevalence and

SADs in 2010 if tobacco control policies had remained
unchanged from their 1996 levels?

2 What were the effects of tobacco control policies imple-
mented between 1996 and 2010 on smoking preva-
lence and SADs in 2010?

3 What will be the smoking prevalence and SADs in
2040 if tobacco control policies remain unchanged
from their 2010 levels?

4 What would be the effects of MPOWER policies imple-
mented in 2011 on smoking prevalence and SADs in
2040?

METHODS

Basic model

SimSmoke includes a population model, a smoking
model, a smoking-attributable death model and policy
modules [12,19]. The model begins in a baseline year,
with the population divided into smokers, never smokers
and previous smokers by age and gender. The baseline
year for the Netherlands model was chosen as 1996
because a large survey was conducted at that time and
major policy changes had not yet been implemented.

A discrete time, first-order Markov process is employed
to project future population growth through fertility and
deaths, and to project smoking rates. Individuals are clas-
sified as never smokers from birth until they initiate
smoking or die. They may evolve from current to former
smoker through cessation or may return to smoker
through relapse. The extent of relapse depends on the
number of years since quitting. Smoking rates, and
thereby smoking-attributable deaths, change over time in
response to changes in tobacco control policies.

Population model

Population (1996), mortality (1999) and fertility (2008)
data by age and gender were obtained from Statistics
Netherlands (CBS). Population projections from the
model for 2010 were close to 2010 estimates.

Smoking model

The 1996 data from the Dutch Continuous Survey of
Smoking Habits (DCSSH) was used to obtain smoking
prevalence and cessation rates. This is a cross-sectional
population survey of respondents aged 15 years and
older that is used to monitor smoking habits of the Dutch
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population, using weekly measurements [29]. The
DCSSH is conducted by TNS NIPO for the Dutch expert
centre on tobacco control (STIVORO). Data on smoking
prevalence from the DCSSH were available for each year
from 1988 to 2010 by gender and age group. The inter-
viewing method changed in 2001 from face-to-face to
web surveying and the sampling method changed in
2009 from household to person-based sampling.

Net initiation rates at each age to age 30 years were
measured as the difference between the smoking rate at
that age year and the rate at the previous age year. Ces-
sation rates were measured after age 30 as the number of
ex-smokers who quit in the last year divided by the
number of those smoking 1 year ago (current smokers
plus those quitting in the last year). US relapse rates were
used because data were not available for the Netherlands,
but the rates were calibrated to the model.

SAD model

SADs by age, gender and smoking status were calculated
from death rates, smoking rates and relative risks. The
number of current and former smokers at each age was
multiplied by their respective excess risk and summed to
obtain total SADs.

Large-scale studies of the relative risk of smoking were
not available for the Netherlands. However, because the
Netherlands has a similar smoking history to the United
States and is a high-income country, we used relative risk
estimates from the US Cancer Prevention Study II [30]
and other high-income countries [31].

Policy modules

Policy effect sizes are in terms of percentage reductions
applied to smoking prevalence in the year when a policy is
implemented and, unless specified otherwise, applied to
initiation and cessation rates in future years. The effect
sizes are shown relative to the absence of any policy. They
are based on literature reviews, advice of an expert panel
and previous model validation. As a high-income
country, the effects for the Netherlands were determined
primarily from studies for that country and other high-
income countries. Policies and potential effect sizes in the
Netherlands are summarized in Table 1.

Analyses

The model estimates the effects over time for two
primary outcomes: smoking prevalence and SADs. The
model estimates these outcomes for the tracking period,
from 1996 to 2010, and projects future outcomes for
2011 to 2040.

Based on comparing the actual to the predicted
smoking prevalence rates from 1996 to 2000, we cali-

brated the model by adjusting the first-year cessation
rates downwards, increasing the relapse rate of first-year
cessation from 50% to 65% for males and females, and
also modifying the rates to 40% at ages above 65. To
validate the model, we compared the predicted smoking
rates overall and by gender and age to annual smoking
rates by age and gender from the yearly DCSSH. More
information about the model validation can be found in
the full Netherlands SimSmoke report [32].

The effect of past policies from 1996 to 2010 was
examined relative to a counterfactual scenario, where no
tobacco control policies are implemented. In the model,
we set policies through 2010 to their levels in 1996. The
difference between the smoking rate and SADs with poli-
cies held constant at their 1996 levels and with the actual
policies in place yields the net effect of policies imple-
mented since 1996. For the role of single policies, we
compared the scenario with only that policy implemented
(in the year in which it was implemented) to the no policy
scenario.

Furthermore, the effect of implementing MPOWER
policies in 2011 was examined relative to the status quo
scenario, where tobacco control policies were maintained
at their 2010 level. For SADs, we calculated deaths
averted as the difference between the number of deaths
under the new policy and the number of deaths under the
status quo.

RESULTS

Smoking prevalence from 1996 to 2010

Between 1996 and 2010, the model predicted that male
smoking rates would decrease from 38.4% to 29.0% (a
24.5% decrease in relative terms) and that female
smoking rates would decrease from 29.6% to 24.5% (a
17.2% relative decline). The male and female models gen-
erally tracked well with annual data on smoking preva-
lence (for more details, see [32]). The model slightly
under-predicted the actual reduction in smoking preva-
lence, which is a relative decline of 26.9% for males and
17.7% for females. The model is most accurate in the
25–64-year age range.

Past policy tracking from 1996 to 2010

When tobacco control policies were held constant at
their 1996 levels, smoking prevalence decreased from
34.5% in 1996, to 33.9% in 2000 and to 32.1% in
2010 (Table 2). Compared to the level with policies
(27.0% by 2010), smoking prevalence has been reduced
by 16%. SADs increased from 30 193 in 1996 to
33 502 in 2010 and would have been 465 031 in total
over all years from 1996 to 2010. Compared to the
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Table 1 Policies, description and effect sizes of the SimSmoke model and policies in the Netherlands.

Policy Description Potential percentage effect* Policies in the Netherlands

Tax policy
Tax policy Cigarette price index adjusted for

inflation for 2000–10, future
prices increase with the
amount of the cigarette tax in
absolute terms

Through price elasticity: Prices were relatively constant
from 1996 through 2003,
then increased in 2004, 2007
and 2009. After correcting for
inflation, prices have risen by
about 70% since 1996. The
specific taxes on cigarettes
were 57% of the retail price by
2008 to 2010

-0.3 ages 15–17
-0.2 age 18–24
-0.15 ages 25–34
-0.1 ages 35 and above

Smoke-free legislation
Worksite total

ban
Ban in all areas 6% with variations by age and

gender
In 2004, a partial smoke-free

workplace law came into
effect. A ban in bars and
restaurants and other public
places was implemented in
2008, but left loopholes for
small establishments and is set
equal to 50%. The
enforcement level was set to 5

Worksite ban limited
to common area

Smoking limited to non
ventilated common area

2% with variations by age and
gender

Restaurant and
bar total ban

Ban in all indoor restaurants in
all areas

3% effect

Restaurant
restricted

Limited in restaurants to
designated areas

1% effect

Other places total
ban

Ban in 3 of 4 (malls, retail stores,
public transportation and
elevators)

1% effect

Enforcement and
publicity

Government agency is designated
to enforce and publicize the
laws

Effects reduced by as much as
50% if no enforcement and
no media campaign

Mass media campaigns
Highly publicized

campaign
Campaign publicized heavily

with funding of $1US per
capita

6.5% effect Tobacco control campaigns have
been designated as low
intensity before 2000 and
medium intensity since 2000Moderately

publicized
campaign

Campaign publicized sporadically
with funding of $0.10 per
capita

3.6% effect

Low publicity
campaign

Campaign publicized only
sporadically in newspaper,
billboard or some other media

1% effect

Marketing bans
Comprehensive

marketing ban
Ban is applied television, radio,

print, billboard, in-store
displays, sponsorships and free
samples

5% reduction in prevalence, 6%
reduction in initiation, 3%
increase in cessation rates

Marketing is considered a weak
ban from 1996 increasing to a
50% of a moderate ban in
2003, 100% moderate ban in
2008. The enforcement level
was set to 5

Moderate
marketing ban

Ban is applied all media
television, radio, print,
billboard

3% reduction in prevalence, 4%
reduction in initiation, 2%
increase in cessation rates

Weak marketing
ban

Ban is applied some of television,
radio, print, billboard

1% reduction in prevalence and
initiation only

Enforcement and
publicity

Government agency is designated
to enforce the laws

Effects reduced by as much as
50% if no enforcement
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status quo 1996 scenario, 7078 deaths were averted
from 1996 to 2010.

We considered the effects of individual policies at
the levels at which they were implemented in the
Netherlands between 1996 and 2010. The Dutch tax
policy had the largest effect on smoking prevalence
by 2010 (reducing prevalence by 9%), followed by
smoke-free legislation (reducing prevalence by 2%)
(Table 2). However, mass media campaigns had the

largest effect on smoking prevalence by 2000. If only
the tax policy had been implemented, SADs would have
increased to 29 925 in 2000 and to 32 736 in 2010
and would have totalled 461 933 between 1996 and
2010. Therefore, 3098 deaths were averted due to the
tax policy. Due to the mass media campaigns, 1217
deaths were averted, and due to the cessation treatment
policy 1113 deaths were averted. The other policies
averted between 0 (youth access restrictions) and

Table 1 Cont.

Policy Description Potential percentage effect* Policies in the Netherlands

Health warnings
Strong Labels are large, bold and

graphic
2% reduction in prevalence, 1%

reduction in initiation and
4% increase in cessation rate

Health warnings are considered
to increase from low to 2001,
to moderate in 2002 and
remaining at that levelModerate Warning covers at least 1/3 of

both sides of package, not bold
or graphic

1% reduction in prevalence,
0.5% reduction in initiation
and 2.5% increase in
cessation

Weak Warning covers less than 1/3 of
package, not bold or graphic

1% reduction in prevalence and
initiation rates, 1% increase
in cessation rate

Publicity Health information is well
publicized

1% additional effect on
prevalence and initiation
rate

Cessation treatment policy
Cessation treatment

policy
Complete availability and

reimbursement of pharmaco-
and behavioural treatments,
quitlines and brief
interventions

4.75% reduction in prevalence,
39% increase in cessation
rate

The Netherlands has had
nicotine replacement therapy
available in pharmacies and
buproprion by prescription
since 2001, a quitline since
2000, and cessation
treatment from some
health-care providers since
1996

Youth access restrictions
Strongly enforced

and publicized
Compliance checks are

conducted regularly, penalties
are heavy, and with publicity
is strong, vending machine
and self-service bans

30% reduction for age < 16 in
prevalence and initiation
only, 20% reduction for ages
16–17 in prevalence and
initiation only

The Netherlands has had a ban
on the purchase of tobacco by
youth under 18 years of age
since 2003. However,
enforcement has been set at a
low level since 2003, with no
vending machine and
self-service bans

Well enforced Compliance checks are
conducted sporadically,
penalties are potent, and little
publicity

15% reduction for age < 16 in
prevalence and initiation
only, 10% reduction for ages
16–17 in prevalence and
initiation only

Low enforcement Compliance checks are not
conducted, penalties are weak,
and no publicity

3% reduction for age < 16 in
prevalence and initiation
only, 2% reduction for ages
16–17 in prevalence and
initiation only

*Unless otherwise specified, the same percentage effect is applied as a percentage reduction in the prevalence and initiation rate and a percentage increase
in the cessation rate, and is applied to all ages and both genders. The effect sizes are shown relative to the absence of any policy.
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652 (smoke-free legislation) deaths between 1996 and
2010.

Future policy projections from 2010 to 2040

If tobacco control policies remain unchanged from their
2010 levels, as in the status quo scenario, male adult
smoking is projected to decrease from 29.6% to 26.7%
from 2010 to 2020, to 24.6% by 2030 and to 23.1% by
2040 (Table 3). In the status quo scenario, female adult
smoking prevalence is projected to decrease from 24.9%
in 2010 to 23.5% by 2020 and to 20.9% by 2040
(Table 4). As seen in Table 5, the estimated number of
SADs in 2010 is 31 888 (21 990 for males and 9898 for
females). Male SADs are projected to reach their highest
point in 2024 and female SADs to reach their highest
point in 2034. The total number of SADs is projected to
rise to 33 013 by 2040. From 2010 to 2040, the cumu-
lative SADs are projected to be 1 042 836 in the status
quo scenario.

When taxes are increased to 70% of the retail price,
smoking rates are projected to decrease to 19.8% for
males (Table 3) and 18.0% for females (Table 4) by 2040.
Summing over years from 2011 to 2040, 40 839 deaths
will be averted by increased taxes by 2040 (Table 5).
Increasing taxes to 70% of the retail price has the largest
effect on smoking prevalence and SADs of all MPOWER
policies.

A complete ban on smoking in worksites, bars, restau-
rants and other public places, along with strong enforce-

ment, is predicted to decrease smoking prevalence to
21.8% for males and 19.7% for females by 2040. In total,
27 278 deaths will be averted by 2040.

A comprehensive marketing ban, directed at all pro-
motions as well as media advertising and having strong
enforcement, will decrease smoking to 22.1% for males
and 19.9% for females by 2040. By 2040, 21 104
deaths will be averted with a comprehensive marketing
ban.

We considered a well-funded tobacco control cam-
paign directed at all smokers relative to the current policy
of a medium-intensity campaign. The model predicts a
decrease in smoking prevalence to 22.0% in males and
19.9% in females by 2040, with 23 293 deaths averted
by 2040.

Implementing graphic health warnings consistent
with MPOWER recommendations is projected to have the
smallest impact on smoking prevalence. Smoking preva-
lence is projected to decrease to 22.9% for males and
20.6% for females by 2040, and 4051 deaths will be
averted.

With the enforcement of youth access laws, the model
predicts a decrease in smoking prevalence to 21.2% for
males and 19.2% for females by 2040. Youth access laws
have the lowest impact on SADs. From 2010 to 2040,
603 deaths are projected to be averted.

The MPOWER combination of ready availability of
nicotine replacement therapy and buproprion, the provi-
sion of quitlines and the provision of cessation treatment
is projected to reduce smoking prevalence to 21.6% in

Table 2 Tracking the effect of past policies using SimSmoke on smoking prevalence for ages 18 and above and total smoking-
attributable deaths, the Netherlands, 1996–2010.

1996 2000 2010 Cumulative

Smoking prevalence
Status quo 1996 34.5% 33.9% 32.1%
Tax policy 34.5% 33.6% 29.2%
Smoke-free legislation 34.5% 33.9% 31.4%
Advertising ban 34.5% 33.9% 31.8%
Mass media campaigns 34.5% 33.5% 31.6%
Health warnings 34.5% 33.9% 31.8%
Youth access restrictions 34.5% 33.9% 32.1%
Cessation treatment policy 34.5% 33.9% 31.6%
All above policies combined 34.5% 33.2% 27.0%

Smoking-attributable deaths
Status quo 1996 30 193 29 948 33 502 465 031
Tax policy 30 193 29 925 32 736 461 933
Smoke-free legislation 30 193 29 948 33 273 464 379
Advertising ban 30 193 29 948 33 397 464 619
Mass media campaigns 30 193 29 948 33 319 463 814
Health warnings 30 193 29 948 33 387 464 493
Youth access restrictions 30 193 29 948 33 502 465 031
Cessation treatment policy 30 193 29 948 33 284 463 918
All above policies combined 30 193 29 925 31 888 457 953
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males and 19.4% in females by 2040. Smoking cessation
treatment policies can avert 37 566 SADs from 2010 to
2040.

The final scenario projects the effect of implementing
all MPOWER policies in 2011. By 2040, smoking preva-

lence is projected to decrease to 14.0% in males and
12.7% in females. If the number of lives saved is totalled
for all years between 2011 and 2040, then 89 736 male
and 55 033 female deaths will be averted by 2040, or a
total of 144 769 deaths.

Table 3 SimSmoke projections: male smoking prevalence for ages 18 and above, the Netherlands, 2010–2040.

2010 2011 2020 2030 2040

Status quo policies 29.6% 29.3% 26.7% 24.6% 23.1%
Independent policy effects

Tax at 70% of retail price 29.6% 26.9% 24.0% 21.5% 19.8%
Complete smoke-free air law 29.6% 28.0% 25.5% 23.4% 21.8%
Comprehensive marketing ban 29.6% 28.3% 25.7% 23.6% 22.1%
High-intensity tobacco control campaign 29.6% 28.3% 25.7% 23.5% 22.0%
Strong health warnings 29.6% 29.2% 26.6% 24.4% 22.9%
Strong youth access enforcement 29.6% 29.3% 26.0% 23.2% 21.2%
Cessation treatment policies 29.6% 28.5% 25.4% 23.1% 21.6%

Combined policy effects
All above policies combined 29.6% 23.2% 19.0% 16.0% 14.0%

% Change in smoking prevalence from status quo
Independent policy effects

Tax at 70% of retail price -8.3% -10.3% -12.5% -14.5%
Complete smoke-free air law -4.3% -4.7% -5.1% -5.5%
Comprehensive marketing ban -3.5% -3.8% -4.2% -4.5%
High-intensity tobacco control campaign -3.5% -4.0% -4.4% -4.8%
Strong health warnings -0.2% -0.6% -0.9% -1.0%
Strong youth access enforcement 0.0% -2.7% -5.6% -8.2%
Cessation treatment policies -2.6% -5.2% -6.2% -6.6%

Combined policy effects
All above policies combined -20.8% -28.8% -35.0% -39.5%

Table 4 SimSmoke projections: female smoking prevalence for ages 18 and above, the Netherlands, 2010–40.

2010 2011 2020 2030 2040

Status quo policies 24.9% 24.8% 23.5% 22.1% 20.9%
Independent policy effects

Tax at 70% of retail price 24.9% 22.8% 21.1% 19.5% 18.0%
Complete smoke-free air law 24.9% 23.7% 22.4% 21.0% 19.7%
Comprehensive marketing ban 24.9% 23.9% 22.6% 21.2% 19.9%
High-intensity tobacco control campaign 24.9% 23.9% 22.5% 21.1% 19.9%
Strong health warnings 24.9% 24.7% 23.3% 21.9% 20.6%
Strong youth access enforcement 24.9% 24.8% 22.9% 20.9% 19.2%
Cessation treatment policies 24.9% 24.1% 22.2% 20.6% 19.4%

Combined policy effects
All above policies combined 24.9% 19.6% 16.7% 14.4% 12.7%

% Change in smoking prevalence from status quo
Independent policy effects

Tax at 70% of retail price -8.2% -10.1% -12.0% -13.7%
Complete smoke-free air law -4.3% -4.7% -5.2% -5.5%
Comprehensive marketing ban -3.5% -3.8% -4.2% -4.5%
High-intensity tobacco control campaign -3.5% -4.1% -4.5% -4.8%
Strong health warnings -0.2% -0.7% -0.9% -1.1%
Strong youth access enforcement 0.0% -2.7% -5.5% -7.9%
Cessation treatment policies -2.6% -5.4% -6.7% -7.2%

Combined policy effects
All above policies combined -20.7% -28.9% -35.0% -39.3%
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DISCUSSION

Using the SimSmoke model, we have presented a short-
and long-term projection of the role of various tobacco
control policies in reducing smoking prevalence and the
number of smoking-attributable deaths. Due to the poli-
cies that were implemented in the Netherlands between
1996 and 2010, smoking prevalence was reduced by
16% and 7078 deaths were averted by the year 2010.
Almost half of these deaths (3098) were averted by the
Dutch tax policy. Mass media campaigns (1217 deaths
averted) and the cessation treatment policy (1113 deaths
averted) also contributed. The low level of enforcement
meant that the tobacco purchase ban for youth imple-
mented in 2003 had negligible effects by 2010. However,
the number of deaths averted by youth access as well as
the other policies implemented between 1996 and 2010
continues to grow into the future. By 2040, 148 000
deaths will be averted as a result of the policies already
implemented.

While the Netherlands has implemented some
tobacco control policies, there is still ample scope to
strengthen tobacco control policies consistent with the
FCTC. Smoking prevalence can be decreased by as much
as 21% in the first year, with a 35% reduction in the next
20 years and almost 40% by 30 years. Because of the
natural history of tobacco-related illnesses, reductions in
smoking prevalence have a relatively small impact on the
number of smoking-attributable deaths in the short term.

By 2040, however, 7706 deaths can be averted in that
year alone with the stronger set of policies. Without effec-
tive tobacco control policies, almost a million lives will be
lost to tobacco-related diseases between 2011 and 2040,
of which 145 000 can be saved with a comprehensive
tobacco control package.

Study limitations and strengths

The smoking prevalence results depend first on estimates
of the rates of smoking in 1996, and initiation, cessation
and relapse rates. Reliable data were not available for
relapse rates in the Netherlands and are, therefore, based
on US rates. The estimated relative mortality risks for
smokers are also based on studies from the United States
[30] and other high-income countries [31], but the rates
may differ in the Netherlands. We did not consider differ-
ences by socio-economic status, which may be expected
to play an increasing role, nor did we consider the effect of
immigration. Notably, the projections also do not include
the additional deaths averted due to reductions in second-
hand smoke exposure.

The policy modules depend on underlying assump-
tions, estimated parameters of the predicted effect on
initiation and cessation and assumptions about the
interdependence of policies. While we have not con-
ducted sensitivity analysis for the current model, we have
estimated confidence intervals in previous work [3,27].
For example, many studies, with relatively consistent

Table 5 Total smoking-attributable deaths, SimSmoke the Netherlands, 2010–40.

2010 2020 2030 2040 Cumulative

Status quo policies 31 888 34 572 36 227 33 013 1 042 836
Independent policy effects

Tax at 70% of retail price 31 888 33 742 34 266 30 864 1 001 997
Complete smoke-free air law 31 888 33 992 34 901 31 691 1 015 557
Comprehensive marketing ban 31 888 34 114 35 202 32 015 1 021 731
High-intensity tobacco control campaign 31 888 34 095 35 095 31 841 1 019 543
Strong health warnings 31 888 34 506 36 031 32 755 1 038 784
Strong youth access enforcement 31 888 34 572 36 217 32 901 1 042 233
Cessation treatment policies 31 888 33 933 34 399 30 722 1 005 269

Combined policy effects
All above policies combined 31 888 31 715 29 212 25 307 898 067

Absolute change in attributable deaths from status quo
Independent policy effects

Tax at 70% of retail price 830 1960 2149 40 839
Complete smoke-free air law 580 1325 1322 27 278
Comprehensive marketing ban 458 1025 998 21 104
High-intensity tobacco control campaign 477 1132 1172 23 293
Strong health warnings 66 196 259 4051
Strong youth access enforcement 0 10 112 603
Cessation treatment policies 639 1828 2291 37 566

Combined policy effects
All above policies combined 2857 7015 7706 144 769
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results, have been conducted on the effects of tax policies,
and we gauge that the effect sizes can vary by as much as
25% above or below our current estimate. There are also
many studies of smoke-free legislation, with results some-
what less consistent than those of prices, but still falling
into similar ranges. Studies on media campaigns and
advertising bans provide a broad range of estimates, and
effect sizes might be expected to vary by about 50%
around the current model estimates. Studies on the
overall effect of health warnings and cessation treatment
policies on smoking prevalence are generally lacking,
such that bounds are 100% (from zero to twice) the
current estimates. Studies need to be conducted not only
to gauge the initial effect of policies, but also to under-
stand how those policies unfold over time, and depend on
other policies in effect. Evidence indicates that public poli-
cies may be synergistic through their cumulative impact
on social norms and their reinforcing effects on smokers’
motivation to quit [27]. We have made the conservative
assumption that the effects of each policy are a constant
proportion of the smoking rate independent of other poli-
cies. However, the effects of health warnings, smoke-free
legislation and cessation treatment policies are magnified
in the model by the publicity of a well-funded media cam-
paign. In turn, the effects of these other policies on the
effect of a tobacco control campaign are intensified by the
publicity that they generate.

Although the Netherlands has more extensive data
than most European Union nations, it will be important
to continue to collect detailed information on smoking
prevalence by age and gender. In particular, smoking
rates at early ages are needed, as well as information on
the prevalence of former smokers, so that cessation rates
can be estimated and quitting can be tracked. In addition,
it would be useful to monitor quit attempt behaviours, the
use of pharmacotherapies and quitlines, the involvement
of physicians in advising patients to quit, cigarette prices
of the prominent brands and the amount of smuggled
cigarettes and compliance with marketing restrictions
and smoke-free legislation. As this information is col-
lected and monitored, the model can be adapted to reflect
trends in smoking rates more accurately over time. Most
importantly, improved data can be used to monitor and
evaluate policies more effectively, so that policies can be
modified and adapted in reaction to successes and
failures.

CONCLUSION

The SimSmoke results highlight the relative contribution
of numerous policies to reducing the tobacco health
burden. We have shown that policies have already had an
important impact in the Netherlands, but there is room
for improvement. In complying with MPOWER FCTC

recommendations (i.e. increasing the tax to 70% of price,
strengthening health warnings, media campaigns and
the provision of cessation treatment, as well as the com-
plete prohibition and enforcement of smoking in public
and workplaces, industry marketing and sales of tobacco
to youth) the smoking rate is projected to fall by 40% in
relative terms, with 145 000 deaths averted by 2040. A
large increase in taxes alone, or in the provision of cessa-
tion treatments, would reduce substantially the number
of lives lost to smoking.

Implementation of the FCTC/MPOWER recom-
mended policies could be expected to show similar or
larger relative reductions in smoking prevalence in other
countries which currently have weak policies. A substan-
tial number of deaths can thereby be averted, especially
in those countries which have a large smoking
population.
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