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ABSTRACT
Background  An increasing number of countries are 
pursuing a tobacco ’endgame’. We sought to determine 
the combination of measures it would take to achieve a 
tobacco endgame in the city-state of Singapore.
Methods  Using an open-cohort microsimulation model, 
we estimated the impact of existing measures (quit 
programmes, tobacco taxes, flavours ban) and more 
novel measures (very low nicotine cap, tobacco-free 
generation, raising the minimum legal age to 25 years), 
and combinations thereof, on smoking prevalence in 
Singapore over a 50-year horizon. We used Markov 
Chain Monte Carlo to estimate transition probabilities 
between the states of never smoker, current smoker and 
former smoker, updating each individual’s state across 
each year with prior distributions derived from national 
survey data.
Results  Without new measures, smoking prevalence 
is expected to rebound from 12.2% (2020) to 14.8% 
(2070). The only scenarios to achieve a tobacco endgame 
target within a decade are those combining a very 
low nicotine cap with a flavours ban. A nicotine cap or 
tobacco-free generation alone also achieve endgame 
targets, but after 20 and 39 years, respectively. Taxes, 
quit programmes, a flavours ban and minimum legal 
age increase do augment the impact of other measures, 
but even when combined are insufficient to achieve a 
tobacco endgame target within 50 years.
Conclusion  In Singapore, achieving a tobacco endgame 
within a decade requires a very low nicotine cap coupled 
with a tobacco flavours ban, although this target can 
also be achieved in the long term (within 50 years) with 
a tobacco-free generation.

INTRODUCTION
Policies consistent with the WHO Framework 
Convention on Tobacco Control (FCTC)—tobacco 
taxes, smoke-free legislation, quit services, pack-
aging restrictions and tobacco advertising, promo-
tions and sponsorship bans—have successfully 
reduced smoking prevalence globally.1 Following 
this success, discussions have started focusing on 
a tobacco ‘endgame’ in which the paradigm shifts 
from reducing prevalence to eliminating smoking 
altogether.2 3 This is generally defined as a smoking 
prevalence of 5% or less, a level at which smoking 
is effectively obsolete.4 Several countries have set 
official targets to achieve a tobacco endgame by a 
certain year: Ireland, Sweden and New Zealand by 
2025,5–7 Finland and England by 2030,8 Scotland by 
20349 and Canada by 2035,10 while the European 
Union has proposed a goal to be tobacco-free by 
2040.11 Some places, such as Australia, Hong Kong, 
Singapore and parts of the USA, have not officially 

committed to a tobacco endgame but are slated as 
places where it is likely to succeed, owing to their 
low smoking prevalence (<15%), strong leadership 
and comprehensive tobacco control policies.12 13

In some countries, there are initiatives to create 
a tobacco-free generation which would phase out 
tobacco sales to younger generations born after a 
certain year.14–16 A tobacco-free generation was 
implemented in the cities of Brookline (the USA) 
and Balanga (the Philippines),11 17 and will be intro-
duced in New Zealand to cover generations born in 
or after 2008.18 It is being considered in Denmark, 
Malaysia and the Netherlands,11 19 and was tabled 
in the Parliament of Tasmania (Australia) in 2014.20 
Opponents of a tobacco-free generation at the 
time suggested to raise the minimum legal age of 
smoking (MLA) to 21 or 25 years, as a less restric-
tive alternative to a tobacco-free generation.11

While countries’ proposed endgame strategies 
vary, they generally include a combination of FCTC 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Prior studies have estimated the impact of 
tobacco endgame measures, notably a tobacco-
free generation and very low nicotine cap, in 
Western countries.

	⇒ Fewer studies have compared the potential 
impact of tobacco endgame measures in 
combination with upscale of existing measures 
or against less restrictive proposed alternatives 
in pursuit of a smoking prevalence target of 5% 
or less.

WHAT THIS STUDY ADDS
	⇒ This is the first study to consider a broad 
combination of existing tobacco policies 
alongside more novel tobacco endgame 
measures, including quit programmes, tax 
increases, increasing the minimum legal age 
to 25 years, a tobacco flavours ban, tobacco-
free generation and very low nicotine cap, to 
achieve a 5% smoking prevalence target in the 
short term (by 2035) and long term (by 2070).

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This study shows that achieving a tobacco 
endgame target will require more novel 
endgame measures, notably a nicotine cap and/
or tobacco-free generation, even in a setting 
with a low smoking prevalence of 12%, and 
thereby provides a case for countries to adopt 
these measures in their tobacco endgame 
strategies.
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measures to effectively close any remaining gaps in their imple-
mentation.13 Among more novel tobacco endgame measures, 
designed to eliminate smoking altogether,21 a tobacco-free 
generation is arguably the most popular, although proposals to 
restrict the nicotine content in tobacco products to near-zero 
levels (nicotine cap), generally defined as 0.4 mg/g nicotine (a 
95% reduction compared with the 10–15 mg/g found in most 
cigarettes) are also gaining traction.22 A nicotine cap, although 
not yet in force anywhere, is the most well-researched tobacco 
endgame measure.23 A number of randomised clinical trials show 
that switching current smokers to very low-nicotine cigarettes 
reduces their consumption and dependence and does not result 
in severe withdrawal,24–28 even in those not interested in quit-
ting25 and with mental health disorders or low socioeconomic 
status.26 27 As a nicotine cap would strip away the addictiveness 
of tobacco products, it would also result in fewer smoking initi-
ations.29 New Zealand has announced that a nicotine cap will 
form part of its tobacco endgame.7

As an increasing number of countries move towards a tobacco 
endgame, either by way of FCTC measures, more novel measures, 
or both, uncertainties remain as to what constitutes an optimal 
strategy sufficient to reach a smoking prevalence target of 5% or 
less within the designated timeframe.21 Prior studies have esti-
mated the impact of a tobacco-free generation30 31 and nicotine 
cap32 33 as stand-alone measures, while others have simulated 
policy combinations aligned with a country’s proposed endgame 
strategy. New Zealand studies modelled policy combinations of 
a nicotine cap and/or tobacco-free generation with reductions on 
the number of tobacco retailers, public education campaigns34 35 
and 10% annual tax increases,36 while studies from Queensland 
(Australia)37 and Ontario (Canada)38 simulated the impact of 
combined FCTC measures, such as public education campaigns, 
plain packaging and tobacco taxes. Fewer simulation studies 
have compared the potential impact of more novel endgame 
measures against measures proposed as less restrictive alterna-
tives (eg, MLA25) and in combination with FCTC measures in 
pursuit of a smoking prevalence target of 5%,36 and none have, 
to our knowledge, done so in a non-Western society.

Singapore, a city-state in Southeast Asia, has a low smoking 
prevalence (12.2% of the population were daily or non-daily 
smokers in 2020),39 strong antitobacco climate and compre-
hensive tobacco control measures consistent with the FCTC 
including a strict ban on tobacco advertising, promotions and 
sponsorships; comprehensive smoke-free legislation; plain pack-
aging; MLA21; tobacco taxes and quit services.40 Arguably, the 
largest remaining gaps in Singapore’s tobacco control strategy 
pertain to tobacco taxes, tobacco flavour regulations and quit 
services. While tobacco taxes were increased by 15% in February 
2023, Singapore has not committed to further tax increases 
which, historically, were infrequent and modest (with 10% 
tax increases in 2014 and 2018).41 Singapore still permits the 
sale of menthol and other flavoured cigarettes which comprise 
around half of Singapore’s total cigarette market,42 and does not 
subsidise medicinal quit smoking aids.40 Singapore has also not 
committed to a tobacco endgame goal.

Hence, we used a microsimulation model to determine the 
combination of measures required to achieve a 5% smoking 
prevalence target in Singapore, a country that has long been 
considered a strong tobacco endgame contender.14 40 In our 
simulations, we included policies designed to emulate a more 
or less ‘gap-free’ tobacco control policy consistent with the 
FCTC, alongside more novel endgame measures: a nicotine cap, 
tobacco-free generation and MLA25 as a less restrictive alter-
native to TFG. Although a blanket tobacco sales ban has been 

passed in some US jurisdictions,23 this approach has, with the 
exception of Bhutan, not been considered politically feasible at a 
national level.13 While retail reduction strategies are being intro-
duced in the Netherlands and New Zealand,23 simulating this 
approach using international data is likely to yield misleading 
results given Singapore’s small geographical size. Thus, we did 
not include these approaches in our simulations.

METHODS
Simulation and transition probabilities
We extended a previous simulation study of tobacco flavour bans 
in Singapore43; a brief summary of the model follows (for fuller 
details, see online supplemental file 1).

We modelled smoking rates in the Singapore population using 
a Markov model with four states: never smoker (N), current 
(regular) smoker (R), current (flavoured) smoker (F) and former 
smoker (Q). We defined ‘smoker’ as a user of cigarettes, and 
did not include use of non-cigarette tobacco products (eg, snus, 
shisha, cigars) or alternative nicotine products (eg, e-cigarettes, 
heated tobacco products) as use of these products is illegal 
or rare in Singapore. The model allows those who currently 
primarily smoke unflavoured cigarettes to switch to primarily 
smoking flavoured and vice versa.

Annual transition probabilities between the four states were 
age-specific, from age 11 to 80 years, allowing a total of eight 
between-state transition probabilities for each year of age 
(figure  1). We used Markov Chain Monte Carlo to estimate 
the posterior distribution of average transition probabilities 
from 2004 to 2018, based on national age-specific smoking 
prevalence data.44–46 The model fits the data from these cross-
sectional studies well (online supplemental figure S1-2), which 
is not surprising as the same data were used in parameterisation.

We estimated the proportion of flavoured tobacco users from 
a 2020 survey of flavoured cigarette use in Singapore42 using 
a polynomial regression on age: the resulting model fits the 
empirical data well (online supplemental tables S1 and S2). The 
Markov model structure used is inherently memoryless, which 
reduces the realism of the model but makes it more computation-
ally tractable and seemed a necessary choice given the paucity of 
longitudinal individual-level smoking data in Singapore.

We projected smoking rates over a 50-year horizon, starting in 
2020, in an open-cohort microsimulation which allows the entry 
of new birth cohorts at each single time step. Data on population 
age structure were included from the Department of Statistics of 
Singapore.47 We obtained data of new birth cohorts used in the 
microsimulation from R package wpp2017. The same mortality 

Figure 1  Transition model structure. Blocks represent the four states 
and arrows represent the direction of transitions from one state to 
another.
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rates were assumed for users of flavoured and unflavoured 
tobacco, and relative risks were allowed to differ by age between 
current smokers and former smokers on the one hand and never 
smokers on the other (online supplemental tables S1 and S2). For 
further details of the model and data incorporated within it, see 
online supplemental file 1.

Policy scenarios
We considered a variety of FCTC and novel endgame measures 
(table 1): upscale of smoking cessation programmes, a conser-
vative tobacco tax (10% increase applied every 4 years; TAX10) 
and more aggressive tobacco tax (15% increase applied every 
2 years; TAX15), a tobacco flavours ban, MLA25, tobacco-free 
generation, nicotine cap and combinations thereof.

Stand-alone policies were simulated to start in 2023, while 
combination scenarios were systematically layered to repre-
sent the real-world context by first applying more conservative 
measures (already implemented elsewhere), in 2023 (smoking 
cessation programmes, then tax increases, then a flavours ban) 
and more novel measures (not yet in force on a national level 
anywhere) in 2024 (MLA25 or a tobacco-free generation, then a 
nicotine cap). As we considered MLA25 and the 10% tax as more 
conservative alternatives to a tobacco-free generation and 15% 
tax respectively, we did not combine MLA25 with a tobacco-
free generation, or 10% tax with a 15% tax, in combination 
scenarios. Upscale of the smoking cessation programme was 
considered part and parcel of a comprehensive tobacco control 
strategy and was therefore included in all combination scenarios. 
In combination scenarios, we calculated the effect as the product 
of rates of multiple single scenarios in corresponding years, to 
avoid overlapping the effect of single scenarios. For details of 
scenario-specific parameters and calculations, see online supple-
mental file 1.

In the status quo scenario we assumed that, in 2020–2070, 
there would be no additional tobacco control policies or upscale 
of ongoing programmes. We simulated this by applying annual 
transition probabilities based on 2004–2018 national smoking 
prevalence surveys using Markov Chain Monte Carlo. The 
status quo scenario took into consideration recent policies 
implemented in Singapore including the 2020 plain packaging 
mandate, 2021 MLA increase to 21 years and ongoing smoking 
prevention and quit programmes.

For the two tax scenarios, due to the absence of local data, we 
applied price elasticity of demand estimates from a New Zealand 
study,48 which used combined price elasticity data from other 
high-income countries, to the year of each tax increase. Assump-
tions for the flavours ban were consistent with a prior study, 
in which we simulated the impact of a tobacco flavours ban in 

Table 1  Description of tobacco measures and assumptions for each measure as included in our scenarios

Code Scenario Assumptions

SQ Status quo No additional policies or upscale of ongoing programmes.

CES Upscale of national smoking cessation programme Upscale will reach an additional 20 000 people per year at a quit rate of 10% (2000 additional cessations per 
year), spread equally across age groups of current smokers (R+F).

TAX10 10% tax increase applied every 4 years For each tax increase, price elasticity of demand is −0.38 (age 15–20 years), −0.29 (age 21–24 years), −0.19 
(age 25–34 years) and −0.10 (age 35+ years), with 50% of the effect due to a reduction in smoking prevalence 
and 50% of the effect due to current smokers reducing consumption.48

TAX15 15% tax increase applied every 2 years

FLAV Ban on added characterising tobacco flavours 
including menthol and clove

5% of flavoured tobacco users continue to use flavoured tobacco illegally; of the remaining 95%, 75% switch 
to regular tobacco and 25% quit. Of those who would have initiated with flavoured tobacco, 50% now initiate 
with regular tobacco, 5% initiate with flavoured tobacco obtained illegally and the remaining 45% no longer 
initiate.43

MLA25 Raise minimum legal of smoking by 1 year each 
year, until 25 years is reached

The minimal legal age of smoking is raised by 1 year annually until age 25 years, by converting initiation rates to 
mean of the current transition probabilities of illegal smoking among underaged youths or the current transition 
probabilities, whichever is smaller.30

TFG Raise minumum legal of smoking by 1 year each 
year

Similar to MLA25, whereby the minimal legal age of smoking is raised by 1 year annually with no upper limit.

NIC Restrict nicotine content in tobacco to near-zero 
level

14.7% of current smokers quit in the first and each subsequent year, and smoking initiation rates decrease by 
50% in the first and each subsequent year.32

F, flavoured; R, regular.

Table 2  Smoking prevalence estimates in 2035 and 2070 for all 
stand-alone policy and combination scenarios

Scenario

Overall smoking prevalence

2035 2070

Status quo (SQ) 13.3% 14.8%

Stand-alone policy scenarios

 � Upscale of cessation programme (CES) 13.2% 14.7%

 � 10% tax every 4 years (TAX10) 12.9% 12.7%

 � 15% tax every 2 years (TAX15) 12.2% 9.8%

 � Flavours ban (FLAV) 10.7% 10.0%

 � Minimum legal age 25 years (MLA25) 12.5% 12.0%

 � Tobacco-free generation (TFG) 10.8% 3.4%

 � Nicotine content restriction (NIC) 6.3% 1.6%

Combination scenarios

 � CES+TAX10+FLAV 9.8% 7.8%

 � CES+TAX10+FLAV+MLA25 9.4% 6.5%

 � CES+TAX15+FLAV 9.3% 5.9%

 � CES+TAX15+FLAV+MLA25 8.9% 5.1%

 � CES+TAX10+TFG 10.0% 2.6%

 � CES+TAX15+TFG 9.6% 2.4%

 � CES+TAX10+FLAV+TFG 8.5% 2.3%

 � CES+TAX15+FLAV+TFG 8.1% 2.1%

 � CES+TAX10+TFG+NIC 6.3% 1.6%

 � CES+TAX15+TFG+NIC 6.1% 1.6%

 � CES+FLAV+NIC 4.5% 1.0%

 � CES+TAX10+FLAV+NIC 4.4% 1.0%

 � CES+TAX15+FLAV+NIC 4.2% 1.0%

 � CES+TAX10+FLAV+MLA25+NIC 4.3% 0.9%

 � CES+TAX15+FLAV+MLA25+NIC 4.1% 0.9%

 � CES+TAX10+FLAV+TFG+NIC 4.2% 0.9%

 � CES+TAX15+FLAV+TFG+NIC 4.1% 0.9%
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Singapore.43 Our assumptions for MLA25 and a tobacco-free 
generation were consistent with a prior simulation of a tobacco-
free generation in the Singapore context.30 We converted initi-
ation rates to mean of current transition probabilities of illegal 
smoking among underaged youths or the current transition 
probabilities, whichever was smaller.

Assumptions for the nicotine cap were based on a prior US 
simulation, which used an expert elicitation process to predict the 
effects of this policy.32 We obtained the 25th quantile, median as 
well as 75th quantile estimations of the ratios from the study for 
male and female smokers, respectively. As our simulation does 
not have gender attribute, we calculated the weighted average of 
the rates based on gender ratios of smokers in Singapore.

We undertook sensitivity analyses on some of the key param-
eters of the model, assessing impact on smoking prevalence by 
2035 and 2070. Online supplemental file 2 contains details of 
the sensitivity analyses conducted.

RESULTS
We estimated overall smoking prevalence in all stand-alone 
policy and combination scenarios in the short term (by 2035) 
and long term (by 2070—see table 2 and figure 2), as well as the 
year by which each scenario reaches a smoking prevalence of 
10% and 5% (figure 3).

Stand-alone policy scenarios
With no new policies or upscale of ongoing programmes (status 
quo scenario), smoking prevalence gradually rises from 12.2% 
(2020) to 14.8% (2070). Upscale of the smoking cessation 
programme generates a trend that closely follows the status 
quo scenario. With a conservative tax increase of 10% every 
4 years, smoking prevalence rises to 12.7% by 2070, while with 
more aggressive tax increases of 15% every 2 years it drops to 
9.8%; a 22.8% reduction in prevalence compared with the 
conservative tax. MLA25, implemented alone, is sufficient to 

maintain smoking prevalence at 2020 levels but not to reduce 
them further, thereby following a very different trajectory to a 
tobacco-free generation (figure 2).

Policies with dramatic short-term impacts include the flavours 
ban and nicotine cap, which reduce smoking prevalence to 
10.7% and 6.3% by 2035, respectively. The large immediate 
drop with the flavours ban is due to Singapore’s large proportion 
of flavoured tobacco users (around 50%), of whom an estimated 
25% will quit following the flavours ban. As fewer initiate, the 
flavours ban continues to gradually reduce prevalence into the 
long term, to 10.0% by 2070. The nicotine cap drives down 
smoking rates faster than a flavours ban, reaching a prevalence 
of 1.6% by 2070. As with the nicotine cap, a tobacco-free gener-
ation on its own is sufficient to achieve a 5% tobacco endgame 
target, although it achieves this in 2062; almost two decades 
after the nicotine cap which reaches a 5% prevalence in 2043.

Combination scenarios
All combination scenarios with a tobacco-free generation and/
or nicotine cap reach the 5% tobacco endgame targets by 2070, 
although the only scenarios to achieve this target by 2035 are 
those that combine a nicotine cap and flavours ban (table 2 and 
figure 2). A flavours ban and nicotine cap combination reduces 
prevalence to 4.5% by 2035; a 1.8 percentage point decrease 
compared with a nicotine cap alone (6.3%). Layering further 
measures (aggressive taxes and tobacco-free generation) onto a 
flavours ban and nicotine cap combination does reduces preva-
lence further but only modestly, from 4.5% to 4.1% (by 2035). 
In the absence of a flavours ban and nicotine cap combination, 
the most effective combination policies are those with a nico-
tine cap, tobacco-free generation and aggressive taxes, although 

Figure 2  Overall smoking prevalence projected over a 50-year horizon 
for stand-alone policy scenarios: status quo (SQ), upscale of smoking 
cessation programme (CES), 10% tax increase every 4 years (TAX10), 
15% tax increase every 2 years (TAX15), tobacco flavours ban (FLAV), 
minimum legal age of 25 years (MLA25), tobacco-free generation (TFG) 
and nicotine restriction (NIC). Figure 3  The years in which scenarios reach a 10% (blue) and 5% 

(red) smoking prevalence: status quo (SQ), upscale of smoking cessation 
programme (CES), 10% tax increase every 4 years (TAX10), 15% tax 
increase every 2 years (TAX15), tobacco flavours ban (FLAV), minimum 
legal age of 25 (MLA25), tobacco-free generation (TFG), nicotine 
restriction (NIC).
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this achieves similar prevalence levels as a nicotine cap alone. 
For instance, with a combination of a nicotine cap, tobacco-free 
generation and 15% tax, prevalence is 6.1% by 2035, similar to 
6.3% with only the nicotine cap.

Without a nicotine cap, the most effective combination poli-
cies in the short term are those that include a flavours ban, 
while the most effective in the long term include a tobacco-free 
generation. Aggressive taxes have a modest long-term impact 
when combined with a tobacco-free generation (reaching a 
2.4% prevalence in 2070, compared with 3.4% with a tobacco-
free generation alone), but do augment the impact of a flavours 
ban (reaching a 5.9% prevalence in 2070, compared with 
10.0% with a flavours ban alone). While combining an aggres-
sive tax, flavours ban and tobacco-free generation results in a 
similar 2070 prevalence (2.1%) as a tobacco-free generation 
alone (3.4%), it does accelerate the downwards trajectory, with 
a lower 2035 prevalence in this combined scenario: 8.1% in 
the combined scenario, compared with 12.2% with aggressive 
taxes, 10.7% with a flavours ban and 10.8% with a tobacco-free 
generation.

Without any novel endgame measures, a combination of more 
stringent FCTC measures (aggressive tax and flavours ban) is 
insufficient to achieve an endgame target, reaching 5.9% in 
2070. Adding on MLA25 as a modest alternative to a tobacco-
free generation results in a 2070 prevalence of 5.1%; just shy 
of a tobacco endgame target. Thus, a tobacco-free generation, 
compared with MLA25, is far more effective in achieving a 
tobacco endgame target, reaching a 3.4% prevalence by 2070 
even when implemented on its own.

Online supplemental file 2 contains results from the sensitivity 
analyses. The mean difference in overall smoking prevalence in 
2035 across all the scenarios we looked at between the primary 
analysis and the lower and upper bounds of the sensitivity anal-
ysis was 1.2 percentage points, with relatively more uncertainty 
of the impact of policies containing nicotine content restrictions.

DISCUSSION
With no new measures, smoking rates are expected to gradu-
ally increase, primarily due to changes in population structure 
and a rebound in smoking rates as observed previously in Singa-
pore when no new measures were introduced.49 Thus to achieve 
a tobacco endgame target, measures must stem increases in 
smoking prevalence, and reduce them to a level of 5% or less.

Most countries with tobacco endgame goals strive to reach a 
smoking prevalence target of 5% or less by 2035 and, with the 
exception of New Zealand, plan to do so using a combination 
of FCTC measures.5–10 Yet policies based on FCTC measures 
alone appear to be insufficient to achieve a tobacco endgame 
target within 50 years, reaching levels of around 9% by 2035. 
Of all the policy scenarios we simulated, the only ones to reach 
a 5% tobacco endgame target by 2035 were those combining 
a nicotine cap and flavours ban. This is owing to their imme-
diate impact on current smokers: we conservatively assumed 
that a nicotine cap would drive quitting in 15% of smokers 
annually and a flavours ban in 25% of flavoured tobacco users 
who, in Singapore, comprise roughly half of all smokers.42 
Both measures would continue to drive down prevalence in the 
long term as fewer youth initiate.43 Thus, a combination of the 
flavours ban and nicotine cap measures would be the most effec-
tive, and arguably the only combination successful in achieving 
a tobacco endgame target by 2035; especially in countries with 
large flavoured tobacco markets such as the USA, Malaysia, the 
Philippines, Hong Kong and Singapore.43

A tobacco-free generation, as with a nicotine cap, was 
sufficient to achieve a tobacco endgame on its own. A 
tobacco-free generation was also far more effective than 
MLA25, following a very different smoking prevalence 
trajectory; hence, consistent with prior discussions, it is not 
appropriate to compare MLA25 with a tobacco-free gener-
ation as an ‘alternative’.11 While a tobacco-free generation 
was highly effective in the long term, it does not affect 
current smokers and would therefore take 38 years to reach 
a smoking prevalence target of 5% or less. Unless the tobacco 
endgame target is set four decades into the future, a tobacco-
free generation needs to be complemented with measures 
that drive smoking cessation. Of these, the nicotine cap was 
the most effective, although a combination of a tobacco-free 
generation with aggressive taxes (15% tax increase applied 
every 2 years) and a flavours ban would achieve an endgame 
target by 2053; almost a decade sooner than a tobacco-free 
generation alone. Thus, countries such as New Zealand, 
Denmark, Malaysia and the Netherlands, when considering 
a tobacco-free generation, should plan to complement this 
policy with effective short-term measures that also target 
current smokers.

Between conservative taxes (10% tax increase applied every 
4 years), aggressive taxes (15% tax increase applied every 
2 years) and MLA25, an aggressive tax policy was the most 
effective by far, again due to its combined impact on quit-
ting and initiation rates. The aggressive tax policy, compared 
with the conservative tax policy, reaped substantial benefits 
in the long term, once again highlighting the importance of 
significant and frequent tobacco tax increases as opposed to 
tax increases that are infrequent or sporadic, or insufficient 
to reduce tobacco affordability over time.50 Aggressive taxes 
were also effective in augmenting the impact of a flavours 
ban, but not nicotine cap; likely due to the more substantial 
effect of a nicotine cap on current smokers compared with 
a flavours ban. Thus, a strong tax policy should be consid-
ered an integral part of a tobacco endgame, especially if the 
endgame does not include a nicotine cap.

While upscale of the smoking cessation programme was found 
to have a limited impact on smoking prevalence, smoking cessa-
tion services are essential health services that, by right, should 
be available to smokers.51 Furthermore, we may have underesti-
mated the impact of this scenario when combined with measures 
that drive cessation, especially as we assumed the number of 
additional people quitting per year would remain fixed at 2000. 
A strategical upscale of smoking cessation programmes when 
policies such as aggressive taxes, a flavours ban or nicotine cap 
are implemented might enhance engagement and quit rates 
beyond what was simulated in our study.

Limitations
As in all simulation studies, our projected impacts were 
based on multiple assumptions. A limitation was the lack 
of reliable data for the estimation of transition probabili-
ties, especially for more novel measures such as MLA25, a 
tobacco-free generation and nicotine cap that are, as at May 
2023, not yet in effect at a national level anywhere. As the 
use of non-cigarette alternative products (eg, e-cigarettes, 
heated tobacco products, snus, cigars, cigarillos) is rare or 
illegal in Singapore, our model did not factor in the impact 
of switching to such products. Our results should be read 
within these limitations, especially when interpreting in the 
context of countries that permit the use of e-cigarettes and 

 on N
ovem

ber 17, 2024 by guest. P
rotected by copyright.

http://tobaccocontrol.bm
j.com

/
T

ob C
ontrol: first published as 10.1136/tc-2022-057856 on 6 June 2023. D

ow
nloaded from

 

https://dx.doi.org/10.1136/tc-2022-057856
http://tobaccocontrol.bmj.com/


750 Zeng Z, et al. Tob Control 2024;33:745–751. doi:10.1136/tc-2022-057856

Original research

heated tobacco products. As our model calculated combina-
tion scenarios as a product of individual policies, it does not 
account for the synergistic impact of some policy combina-
tions, such as policies that drive smoking cessation coupled 
with upscale of smoking cessation programmes. As our model 
looks at overall smoking prevalence, it does not account for 
how the different measures may affect inequalities in smoking 
rates. A further limitation of the model is its memorylessness, 
a feature common to Markov models. This restricts its ability 
to characterise subgroups of the population—such as persuad-
able and recalcitrant users—with differences in response to 
policies. Future work should explore this area, to improve the 
overall effectiveness of policies to end tobacco use.

CONCLUSION
Even in Singapore, which has long been considered a strong 
tobacco endgame contender, more novel tobacco endgame 
measures are needed to achieve a smoking prevalence target 
of 5% or less. A tobacco-free generation and reducing nico-
tine content to near-zero levels are, on their own, sufficient 
to achieve this target but reaching it within a decade will 
require a nicotine content restriction coupled with a tobacco 
flavours ban.
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