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The effects of tobacco control policies on global

smoking prevalence

Luisa S. Flor

Substantial global effort has been devoted to curtailing the
tobacco epidemic over the past two decades, especially after
the adoption of the Framework Convention on Tobacco Control’
by the World Health Organization in 2003. In 2015, in recog-
nition of the burden resulting from tobacco use, strengthened
tobacco control was included as a global development target
in the 2030 Agenda for Sustainable Development?®. Here we
show that comprehensive tobacco control policies—including
smoking bans, health warnings, advertising bans and tobacco
taxes—are effective in reducing smoking prevalence; ampli-
fied positive effects are seen when these policies are imple-
mented simultaneously within a given country. We find that
if all 155 countries included in our counterfactual analysis had
adopted smoking bans, health warnings and advertising bans
at the strictest level and raised cigarette prices to at least 7.73
international dollars in 2009, there would have been about
100 miillion fewer smokers in the world in 2017. These find-
ings highlight the urgent need for countries to move toward an
accelerated implementation of a set of strong tobacco control
practices, thus curbing the burden of smoking-attributable
diseases and deaths.

Decades after its ill effects on human health were first docu-
mented, tobacco smoking remains one of the major global drivers of
premature death and disability. In 2017, smoking was responsible for
7.1 (95% uncertainty interval (UI), 6.8-7.4) million deaths world-
wide and 7.3% (95% Ul, 6.8%-7.8%) of total disability-adjusted life
years’. In addition to the health impacts, economic harms result-
ing from lost productivity and increased healthcare expenditures
are also well-documented negative effects of tobacco use*”. These
consequences highlight the importance of strengthening tobacco
control, a critical and timely step as countries work toward the 2030
Sustainable Development Goals®.

In 2003, the World Health Organization (WHO) led the develop-
ment of the Framework Convention on Tobacco Control (FCTC),
the first global health treaty intended to bolster tobacco use cur-
tailment efforts among signatory member states'. Later, in 2008, to
assist the implementation of tobacco control policies by countries,
the WHO introduced the MPOWER package, an acronym repre-
senting six evidence-based control measures (Table 1) (ref. ©). While
accelerated adoption of some of these demand reduction policies
was observed among FCTC parties in the past decade’, many chal-
lenges remain to further decrease population-level tobacco use.
Given the differing stages of the tobacco epidemic and tobacco con-
trol across countries, consolidating the evidence base on the effec-
tiveness of policies in reducing smoking is necessary as countries
plan on how to do better. In this study, we evaluated the association
between varying levels of tobacco control measures and age- and
sex-specific smoking prevalence using data from 175 countries and
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highlighted missed opportunities to decrease smoking rates by pre-
dicting the global smoking prevalence under alternative unrealized
policy scenarios.

Despite the enhanced global commitment to control tobacco use,
the pace of progress in reducing smoking prevalence has been het-
erogeneous across geographies, development status, sex and age®; in
2017, there were still 1.1 billion smokers across the 195 countries
and territories assessed by the Global Burden of Diseases, Injuries,
and Risk Factors Study. Global smoking prevalence in 2017 among
men and women aged 15 and older, 15-29 years, 30-49 years and
50 years and older are shown in Extended Data Figs. 1, 2, 3 and 4,
respectively. We found that, between 2009 and 2017, current smok-
ing prevalence declined by 7.7% for men (36.3% (95% Ul, 35.9-
36.6%) to 33.5% (95% U, 32.9-34.1%)) and by 15.2% for women
globally (7.9% (95% UI, 7.8-8.1%) to 6.7% (95% UL, 6.5-6.9%)).
The highest relative decreases were observed among men and
women aged 15-29 years, at 10% and 20%, respectively. Conversely,
prevalence decreased less intensively for those aged over 50, at 2%
for men and 9.5% for women. While some countries have shown
an important reduction in smoking prevalence between 2009 and
2017, such as Brazil, suggesting sustained progress in tobacco con-
trol, a handful of countries and territories have shown considerable
increases in smoking rates among men (for example, Albania) and
women (for example, Portugal) over this time period.

In an effort to counteract the harmful lifelong consequences
of smoking, countries have, overall, implemented stronger
demand reduction measures after the FCTC ratification. To assess
national-level legislation quality, the WHO attributes a score to each
of the MPOWER measures that ranges from 1 to 4 for the moni-
toring component (M) and 1-5 for the other components. A score
of 1 represents no known data, while scores 2-5 characterize the
overall strength of each measure, from the lowest level of achieve-
ment (weakest policy) to the highest level of achievement (strongest
policy)®. Between 2008 and 2016, although very little progress was
made in treatment provision (O)”’, the share of the total population
covered by best practice (score=5) P, W and E measures increased
(Fig. 1). Notably, however, a massive portion of the global popula-
tion is still not covered by comprehensive laws. As an example, less
than 15% of the global population is protected by strongly regulated
tobacco advertising (E) and the number of people (2.1 billion) liv-
ing in countries where none or very limited smoke-free policies (P)
are in place (score=2) is still nearly twice as high as the population
(1.1 billion) living in locations with national bans on smoking in all
public places (score=5).

In terms of fiscal policies (R), the population-weighted average
price, adjusted for inflation, of a pack of cigarettes across 175 coun-
tries with available data increased from 1$3.10 (where I$ represents
international dollars) in 2008 to 1$5.38 in 2016. However, from an
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Fig. 1] Level of coverage of the population aged 15 years and older by comprehensive smoke-free, health warning and advertising policies in 2008
and in 2016. To assess national-level legislation quality, the WHO attributes a score to each MPOWER component that ranges from 1to 5 for smoke-free
(P), health warning (W) and advertising (E) policies. A score of 1represents no known data or no recent data, while scores 2-5 characterize the overall
strength of each policy, from 2 representing the lowest level of achievement (weakest policy), to 5 representing the highest level of achievement

(strongest policy).

economic perspective, for prices to affect purchasing decisions,
they need to be evaluated relative to income. The relative income
price (RIP) of cigarettes is a measure of affordability that reflects,
in this study, what proportion of the country-specific per capita
gross domestic product (GDP) is needed to purchase half a pack
of cigarettes a day for a year. Over time, cigarettes have become
less affordable (RIP 2016 > RIP 2008) in about 75% of the analyzed
countries, with relatively more affordable cigarettes concentrated
across high-income countries.

Our adjusted analysis indicates that greater levels of achieve-
ment on key measures across the P, W and E policy categories
and higher RIP values were significantly associated with reduced
smoking prevalence from 2009 to 2017 (Table 2). Among men
aged 15 and older, each 1-unit increment in achievement scores
for smoking bans (P) was independently associated with a 1.1%
(95% UI, —1.7 to —0.5, P<0.0001) decrease in smoking preva-
lence. Similarly, an increase of 1 point in W and E scores was asso-
ciated with a decrease in prevalence of 2.1% (95% UI, —2.7 to —1.6,
P<0.0001) and 1.9% (95% UI, —2.6 to —1.1, P<0.0001), respec-
tively. Furthermore, a 10 percentage point increase in RIP was
associated with a 9% (95% UI, —12.6 to —5.0, P<0.0001) decrease
in overall smoking prevalence. Results were similar for men from
other age ranges.

Among women, the magnitude of effect of different policy indi-
cators varied across age groups. For those aged over 15, each 1-point
increment in W and E scores was independently associated with an
average reduction in prevalence of 3.6% (95% UI, —4.5 to —2.9,
P<0.0001) and 1.9% (95% UI, —2.9 to —1.8, P=0.002), respectively,
and these findings were similar across age groups. Smoking ban (P)
scores were not associated with reduced prevalence among women
aged 15-29 years or over 50 years. However, a 1-unit increase in P
scores was associated with a 1.3% (95% UI, —2.3 to —0.2, P=0.016)
decline in prevalence among women aged 30-49 years. Lastly, while
a 10 percentage point increase in RIP lowered women smoking
prevalence by 6% overall (95% UI, —10.0 to —2.0, P=0.014), this
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Table 1| The WHO MPOWER policy package
MPOWER component Definition

M Monitor tobacco use and prevention policies

P Protect people from tobacco smoke

o Offer help to quit tobacco use

w Warn about the dangers of tobacco

E Enforce bans on tobacco advertising, promotion

and sponsorship

R Raise taxes on tobacco

MPOWER is a policy package intended to assist in the country-level implementation of
cost-effective interventions to prevent and reduce tobacco use, as ratified by the WHO FCTC.
Other than demand reduction measures, MPOWER encourages countries to develop surveillance
systems to monitor the tobacco epidemic. Each of the MPOWER components reflects one or more
provisions described in the FCTC.

finding was not statistically significant when examining reductions
in prevalence among those aged 50 and older (Table 2).

If tobacco control had remained at the level it was in 2008 for
all 155 countries (with non-missing policy indicators for both 2008
and 2016; Methods) included in the counterfactual analysis, we esti-
mate that smoking prevalence would have been even higher than the
observed 2017 rates, with 23 million more male smokers and 8 mil-
lion more female smokers (age > 15) worldwide (Table 3). Out of the
counterfactual scenarios explored, the greatest progress in reducing
smoking prevalence would have been observed if a combination of
higher prices—resulting in reduced affordability levels—and strict-
est P, W and E laws had been implemented by all countries, leading
to lower smoking rates among men and women from all age groups
and approximately 100 million fewer smokers across all countries
(Table 3). Under this policy scenario, the greatest relative decrease
in prevalence would have been seen among those aged 15-29 for
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Table 2 | Percentage changes in current smoking prevalence based on fixed effect coefficients from adjusted mixed effect linear

regression models, by policy component, sex and age group

Age and Men Women Both sexes
sl Relative  95% Ul P Relative  95% Ul P Relative 95% Ul P
component change change change
>15
RIP -09 -1.3to <0.001 -06 -1.0to-0.2  0.014 -0.7 -11to-0.4 0.001
-0.5
P =11 -1.7t0 -0.5 <0.001 -09 —1.7to 0.1 0.065 -1.0 -1.6to-0.5 0.001
wW =21 —-27to-16 <0.001 -36 -45t0-29 <0.001 =21 -2.6to-15 <0.001
E -19 —2.6to—-11 <0.001 -19 —29to-1.8 0.002 -1.8 —2.5t0-1.8 <0.001
15-29
RIP =11 -1.6to —-0.6 <0.001 -0.8 —-1.5to-01 0.016 -1 -1.6to —-0.6 0.001
P -1.0 —-1.7t0-0.3 0.003 -0.8 -19t0 0.4 0177 -09 -1.6to-0.3 0.008
W =21 —-2.7to-14 <0.001 -4.0 -50t0o-3.0 <0.001 =21 —-2.8to-14 <0.001
E 2.2 —31to-2.2 <0.001 -2.5 —-40to-25 <0.001 =21 —29to-11 <0.001
30-49
RIP =11 -1.6to-0.6 <0.001 -0.6 —11to —-0.1 0.016 -09 -1.3to-04 0.001
P =11 -1.8t0 -0.5 <0.001 -13 —-23to-0.2 0.016 -1.2 -1.8t0 -0.6 0.001
W -24 —-3.0to-18 <0.001 -35 -45t0-2.6 <0.001 -2.2 -2.8to-15 <0.001
E =17 —-2.5t0 1.7 <0.001 =17 —-31to =17 0.010 -1.6 —-2.5t0-1.6 0.001
>50
RIP -06 -09t0-0.3 <0.001 -0.2 -0.3t00.0 0.119 -03 —0.6to -0 0.0M
P -1.2 -1.8to -0.6 <0.001 -0.1 -1.0t0 0.8 0.797 -1.0 —-15t0-0.4 0.001
W -19 —24t0-13 <0.001 -2.9 —-3.7to =21 <0.001 =17 —-2.2to-1.2 <0.001
E -1.9 —-2.7to =19 <0.001 -2.0 -3.0to-2.0 <0.001 -19 —-2.6to-19 <0.001

The models examined the adjusted association between smoke-free (P), health warning (W) and advertising (E) achievement scores, as well as cigarette's affordability (RIP) and current smoking prevalence,
from 2009 to 2017, across 175 countries (n= 823 country-years). Linear mixed models were fitted by maximum likelihood and t-tests used Satterthwaite approximations to degrees of freedom. P values were

considered statistically significant if <0.05.

both sexes, resulting in 26.6 and 6.5 million fewer young male and
female smokers worldwide in 2017, respectively.

Our findings reaffirm that a wide spectrum of tobacco demand
reduction policies has been effective in reducing smoking preva-
lence globally; however, it also indicates that even though much
progress has been achieved, there is considerable room for improve-
ment and efforts need to be strengthened and accelerated to achieve
additional gains in global health. A growing body of research points
to the effectiveness of tobacco control measures'®'*; however, this
study covers the largest number of countries and years so far and
reveals that the observed impact has varied by type of control policy
and across sexes and age groups. In high-income countries, stron-
ger tobacco control efforts are also associated with higher cessation
ratios (that is, the ratio of former smokers divided by the number
of ever-smokers (current and former smokers)) and decreases in
cigarette consumption'".,

Specifically, our results suggest that men are, in general, more
responsive to tobacco control interventions compared to women.
Notably, with prevalence rates for women being considerably low
in many locations, variations over time are more difficult to detect;
thus, attributing causes to changes in outcome can be challenging.
Yet, there is already evidence that certain elements of tobacco con-
trol policies that play a role in reducing overall smoking can have
limited impact among girls and women, particularly those of low
socioeconomic status'”. Possible explanations include the different
value judgments attached to smoking among women with respect
to maintaining social relationships, improving body image and
hastening weight control'°.

Tax and price increases are recognized as the most impact-
ful tobacco control policy among the suite of options under the
MPOWER framework'®'*", particularly among adolescents
and young adults’. Previous work has also demonstrated that
women are less sensitive than men to cigarette tax increases in
the USA". Irrespective of these demographic differences, effec-
tive tax policy is underutilized and only six countries—Argentina,
Chile, Cuba, Egypt, Palau and San Marino—had adopted cigarette
taxes that corresponded to the WHO-prescribed level of 70% of
the price of a full pack by 2017 (ref. °). Cigarettes also remain
highly affordable in many countries, particularly among
high-income nations, an indication that affordability-based
prescriptions to countries, instead of isolated taxes and prices
reforms, are possibly more useful as a tobacco control target.
In addition, banning sales of single cigarettes, restricting legal
cross-border shopping and fighting illicit trade are required so that
countries can fully experience the positive effect of strengthened
fiscal policies.

Smoke-free policies, which restrict the opportunities to smoke
and decrease the social acceptability of smoking"’, also affect popu-
lation groups differently. In general, women are less likely to smoke
in public places, whereas men might be more frequently influenced
by smoking bans in bars, restaurants, clubs and workplaces across
the globe due to higher workforce participation rates'. In addi-
tion to leading to reduced overall smoking rates, as indicated in
this study, implementing complete smoking bans (that is, all pub-
lic places completely smoke-free) at a faster pace can also play an
important role in minimizing the burden of smoking-attributable
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Table 3 | Observed and simulated reduction in global smoking prevalence and in the total number of smokers under four
counterfactual scenarios, by sex and age group

Age and Observed—GBD 2017 Scenario 1 Scenario 2 Scenario 3 Scenario 4
sex 2017 prevalence  Number of Relative % Change Relative % Change Relative % Change Relative % Change in
(95% UI) smokers  changein  inthe changein inthe changein  inthe changein the number
(in prevalence numberof prevalence numberof prevalence numberof prevalence of smokers
millions) smokers (in smokers (in smokers (in (in millions)
millions) millions) millions)
Men
>15 371(36.4-37.8) 768.1 +3% +22.7 —-5.9% —45.5 —-4.9% -379 -10.6% -81.7
15-29  29.8(28.6-30.9) 1923 +3.5% +6.7 -9.2% =174 -5.2% -99 —14% -26.6
30-49 441(42.7-454) 3369 +2.9% +9.7 -6.3% -20.7 -4.6% -15.3 -10.6% -354
>50 37 (35.8-38.3) 2389 +2.6% +6.3 -3.2% -74 -5.3% -12.7 —-8.4% -19.7
Women
>15 7.4 (71-7.6) 156 +4.9% +7.6 -5% -7.8 -7.3% -11.4 —12% —18.7
15-29  6.1(5.7-6.5) 38.7 +6.1% +2.4 -8.4% -35 -8.1% -33 —15.9% -6.5
30-49 81(7.7-8.5) 61.4 +4.9% +3.2 —51% -34 —7.8% -49 -12.5% -81
>50 79 (7.4-8.5) 55.9 +3.4% +2 -1% -0.9 -5.5% -3.2 —6.5% -41

Prevalence and number of smokers across 155 countries included in the counterfactual analysis (non-missing policy/price indicators for both 2008 and 2016). Alternative policy scenarios are: (1) if
achievement scores and cigarette's affordability (RIP) remained at the level they were at in 2008; (2) if the price of a cigarette pack was 1$7.73 or higher, a price that represents the 90th percentile
of observed prices across all 175 countries and years; (3) if all countries had implemented each of the smoke-free (P), health warning (W) and advertising (E) policies at the highest level (score=5);

and (4) if countries had implemented both higher cigarette prices and P, W and E policies at the highest level.

diseases and deaths among nonsmokers. In 2017 alone, 2.18% (95%
UL 1.8-2.7%) of all deaths were attributable to secondhand smoke
globally, with the majority of the burden concentrated among
women and children®'.

Warning individuals about the harms of tobacco use increases
knowledge about the health risks of smoking and promotes changes
in smoking-related behaviors, while full advertising and promotion
bans—implemented by less than 20% of countries in 2017 (ref. °)—
are associated with decreased tobacco consumption and smoking
initiation rates, particularly among youth'”***. Large and rotat-
ing pictorial graphic warnings are the most effective in attracting
smokers’ attention but are lacking in countries with high numbers
of smokers, such as China and the USA®. Adding best practice
health warnings to unbranded packages seems to be an effective
way of informing about the negative effects of smoking while also
eliminating the tobacco industry’s marketing efforts of using ciga-
rette packages to make these products more appealing, especially
for women and young people who are now the prime targets of
tobacco companies®”.

While it is clear that strong implementation and enforcement
are crucial to accelerating progress in reducing smoking and its
burden globally, our heterogeneous results by type of policy
and demographics highlight the challenges of a one-size-fits-all
approach in terms of tobacco control. The differences identified
illustrate the need to consider the stages® of the smoking epidem-
ics among men and women and the state of tobacco control in each
country to identify the most pressing needs and evaluate the way
ahead. Smoking patterns are also influenced by economic, cul-
tural and political determinants; thus, future efforts in assessing
the effectiveness of tobacco control policies under these different
circumstances are of value. As tobacco control measures have been
more widely implemented, tobacco industry forces have expanded
and threaten to delay or reverse global progress®”. Therefore,
closing loopholes through accelerated universal adoption of the
comprehensive set of interventions included in MPOWER, guar-
anteeing that no one is left unprotected, is an urgent requirement
as efforts toward achieving the Sustainable Development Goals by
2030 are intensified.
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Methods

This was an ecological time series analysis that aimed to estimate the effect of
four key demand reduction measures on smoking rates across 175 countries.
Country-year-specific achievement scores for P, W and E measures and an
affordability metric measured by RIP—to capture the impact of fiscal policy
(R)—were included as predictors in the model. Although the WHO also calls for
monitoring (M) and tobacco cessation (O) interventions, these were not evaluated.
Monitoring tobacco use is not considered a demand reduction measure, while
very little progress has been made in treatment provision over the last decade’.
Further information on research design is available in the Life Sciences Reporting
Summary linked to this paper.

Smoking outcome data. The dependent variable is represented by
country-specific, age-standardized estimates of current tobacco smoking
prevalence, defined as individuals who currently use any smoked tobacco
product on a daily or occasional basis. Complete time series estimates of
smoking prevalence from 2009 to 2017 for men and women aged 15-29,
30-49, 50 years and older and 15 years and older, were taken from the
Global Burden of Disease (GBD) 2017 study.

The GBD is a scientific effort to quantify the comparative magnitude of health
loss due to diseases, injuries and risk factors by age, sex and geography for specific
points in time. While full details on the estimation process for smoking prevalence
have been published elsewhere, we briefly describe the main analytical steps in this
article’. First, 2,870 nationally representative surveys meeting the inclusion criteria
were systematically identified and extracted. Since case definitions vary between
surveys, for example, some surveys only ask about daily smoking as opposed to
current smoking that includes both daily and occasional smokers, the extracted
data were adjusted to the reference case definition using a linear regression fit on
surveys reporting multiple case definitions. Next, for surveys with only tabulated
data available, nonstandard age groups and data reported as both sexes combined
were split using observed age and sex patterns. These preprocessing steps ensured
that all data used in the modeling were comparable. Finally, spatiotemporal
Gaussian process regression, a three-step modeling process used extensively
in the GBD to estimate risk factor exposure, was used to estimate a complete
time series for every country, age and sex. In the first step, estimates of tobacco
consumption from supply-side data are incorporated to guide general levels and
trends in prevalence estimates. In the second step, patterns observed in locations,
age groups and years with smoking prevalence data are synthesized to improve
the first-step estimates. This step is particularly important for countries and time
periods with limited or no available prevalence data. The third step incorporates
and quantifies uncertainty from sampling error, non-sampling error and the
preprocessing data adjustments. For this analysis, the final age-specific estimates
were age-standardized using the standard population based on GBD population
estimates. Age standardization, while less important for the narrower age groups,
ensured that the estimated effects of policies were not due to differences in
population structure, either within or between countries.

Using GBD-modeled data is a strength of the study since nearly 3,000 surveys
inform estimates and countries are not required to have complete survey coverage
between 2009 and 2017 to be included in the analysis. Yet, it is important to note
that these estimates have limitations. For example, in countries where a prevalence
survey was not conducted after the enactment of a policy, modeled estimates
may not reflect changes in prevalence resulting from that policy. Nonetheless,
the prevalence estimates from the GBD used in this study are similar to those
presented in the latest WHO report*, indicating the validity and consistency
of said estimates.

MPOWER data. Summary indicators of country-specific achievements for each
MPOWER measure are released by the WHO every two years and date back to
2007. Data from different iterations of the WHO Report on the Global Tobacco
Epidemic (2008°, 2009%, 2011*, 2013*!, 2015" and 2017%’) were downloaded
from the WHO Tobacco Free Initiative website (https://www.who.int/tobacco/
about/en/). To assess the quality of national-level legislation, the WHO attributes
a score to each MPOWER component that ranges from 1 to 4 for the monitoring
(M) dimension and 1-5 for the other dimensions. A score of 1 represents no
known data or no recent data, while scores 2-5 characterize the overall strength of
each policy, from the lowest level of achievement (weakest policy) to the highest
(strongest policy).

Specifically, smoke-free legislation (P) is assessed to determine whether
smoke-free laws provide for a complete indoor smoke-free environment at all
times in each of the respective places: healthcare facilities; educational facilities
other than universities; universities; government facilities; indoor offices and
workplaces not considered in any other category; restaurants or facilities that
serve mostly food; cafes, pubs and bars or facilities that serve mostly beverages;
and public transport. Achievement scores are then based on the number of places
where indoor smoking is completely prohibited. Regarding health warning policies
(W), the size of the warnings on both the front and back of the cigarette pack
are averaged to calculate the percentage of the total pack surface area covered
by the warning. This information is combined with seven best practice warning
characteristics to construct policy scores for the W dimension. Finally, countries
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achievements in banning tobacco advertising, promotion and sponsorship (E)

are assessed based on whether bans cover the following types of direct and
indirect advertising: (1) direct: national television and radio; local magazines and
newspapers; billboards and outdoor advertising; and point of sale (indoors); (2)
indirect: free distribution of tobacco products in the mail or through other means;
promotional discounts; nontobacco products identified with tobacco brand names;
brand names of nontobacco products used or tobacco products; appearance of
tobacco brands or products in television and/or films; and sponsorship.

P, W and E achievement scores, ranging from 2 to 5, were included as
predictors into the model. The goal was to not only capture the effect of adopting
policies at its highest levels but also assess the reduction in prevalence that could be
achieved if countries moved into the expected direction in terms of implementing
stronger measures over time. Additionally, having P, W and E scores separately, and
not combined into a composite score, enabled us to capture the independent effect
of different types of policies.

Although compliance is a critical factor in understanding policy effectiveness,
the achievement scores incorporated in our main analysis reflect the adoption
of legislation rather than degree of enforcement, representing a limitation of
these indicators.

Price data. Prices in I$ for a 20-cigarette pack of the most sold brand in each of the
175 countries were also sourced from the WHO Tobacco Free Initiative website for
all available years (2008, 2010, 2012, 2014 and 2016). I$ standardize prices across
countries and also adjust for inflation across time. This information was used to
construct an affordability metric that captures the impact of cigarette prices on
smoking prevalence, considering the income level of each country.

More specifically, the RIP, calculated as the percentage of per capita GDP
required to purchase one half pack of cigarettes a day over the course of a year,
was computed for each available country and year. Per capita GDP estimates were
drawn from the Institute for Health Metrics and Evaluation; the estimation process
is detailed elsewhere™.

Given that the price data used in the analysis refer to the most sold brand
of cigarettes only, it does not reflect the full range of prices of different types of
tobacco products available in each location. This might particularly affect our
power in detecting a strong effect in countries where other forms of tobacco are
more popular.

Statistical analysis. Sex- and age-specific logit-transformed prevalence estimates
from 2009 to 2017 were matched to one-year lagged achievement scores and RIP
values using country and year identifiers*’. The final sample consisted of 175
countries and was constrained to locations and years with non-missing indicators.
A multiple linear mixed effects model fitted by restricted maximum likelihood was
used to assess the independent effect of P, W and E scores and RIP values on the
rates of current smoking. Specifically, a country random intercept and a country
random slope on RIP were included to account for geographical heterogeneity and
within-country correlation. The regression model takes the following general form:

logit(yc:) = By + PoPei-1 + BuWei1 + BeEci—1 + B R + ac + 6 Rep—1 + €cy

where y, is the prevalence of current smoking in each country (c) and year (f),
B, is the intercept for the model and B, B,, B. and B, are the fixed effects for each
of the policy predictors. P (1, W¢ (1, Ec (-1 are the P, W and E scoresand R ,_,
is the RIP value for country ¢ in year ¢ — 1. Finally, «, is the random intercept for
country (c), while 6, represent the random slope for the country (c) to which the
RIP value (R,_,) belongs. Variance inflation factor values were calculated for all
the predictor parameters to check for multicollinearity; the values found were low
(<2)”. Bivariate models were also run and are shown in Extended Data Fig. 5.
The one-year lag introduced into the model may have led to an underestimation
of effect sizes, particularly as many MPOWER policies require a greater period of
time to be implemented effectively. However, due to the limited time range of our
data (spanning eight years in total), introducing a longer lag period would have
resulted in the loss of additional data points, thus further limiting our statistical
power in detecting relevant associations between policies and smoking prevalence.
In addition to a joint model for smokers from both sexes, separate regressions
were fitted for men and women and the four age groups (15-29, 30-49, >50 and
>15 years old). To assess the validity of the mixed effects analyses, likelihood ratio
tests comparing the models with random effects to the null models with only fixed
effects were performed. Linear mixed models were fitted by maximum likelihood
and ¢-tests used Satterthwaite approximations to degrees of freedom. P values
were considered statistically significant if <0.05. All analyses were executed with
RStudio v.1.1.383 using the Imer function in the R package Ime4 v.1.1-21 (ref. *°).
A series of additional models to examine the impact of tobacco control policies
were developed as part of this study. In each model, cigarette affordability (RIP)
and a different set of policy metrics was used to capture the implementation,
quality and compliance of tobacco control legislation. In models 1 and 2, we
replaced the achievements scores by the proportion of P, W and E measures
adopted by each country out of all possible measures reported by the WHO. In
model 3, we used P and E (direct and indirect measures separately) compliance
scores provided by the WHO to represent actual legislation implementation.
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Finally, an interaction term for compliance and achievement to capture the
combined effect of legislation quality and performance was added to model 4.
Results for men and women by age group for each of the additional models are
presented in the Supplemental Information (Supplementary Tables 1-4).

The main model described in this study was chosen because it includes a
larger number of country-year observations (n=823) when compared to models
including compliance scores and because it is more directly interpretable.

Counterfactual analysis. To further explore and quantify the impact of tobacco
control policies on current smoking prevalence, we simulated what smoking
prevalence across all countries would have been achieved in 2017 under 4
alternative policy scenarios: (1) if achievement scores and RIP remained at the
level they were at in 2008; (2) if all countries had implemented each of P, W and
E component at the highest level (score=5); (3) if the price of a cigarette pack
was 1$7.73 or higher, a price that represents the 90th percentile of observed prices
across all countries and years; and (4) if countries had implemented the P, W

and E components at the highest level and higher cigarette prices. To keep our
results consistent across scenarios, we restricted our analysis to 155 countries with
non-missing policy-related indicators for both 2008 and 2016.

Random effects were used in model fitting but not in this prediction. Simulated
prevalence rates were calculated by multiplying the estimated marginal effect of each
policy by the alternative values proposed in each of the counterfactual scenarios
for each country-year. The global population-weighted average was computed for
status quo and counterfactual scenarios using population data sourced from the
Institute for Health Metrics and Evaluation. Using the predicted prevalence rates
and population data, the additional reduction in the number of current smokers in
2017 was also computed. Since models were ran using age-standardized prevalence,
the number of smokers was proportionally redistributed across age groups using the
sex-specific numbers from the age group 15 and older as an envelope.

The Uls for predicted estimates were based on a computation of the results of
each of the 1,000 draws (unbiased random samples) taken from the uncertainty
distribution of each of the estimated coefficients; the lower bound of the 95% UI
for the final quantity of interest is the 2.5 percentile of the distribution and the
upper bound is the 97.5 percentile of the distribution.

Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Data availability

The dataset generated and analyzed during the current study is

publicly available at http://ghdx.healthdata.org/record/ihme-data/
global-tobacco-control-and-smoking-prevalence-scenarios-2017 (https://doi.
org/10.6069/QAZ7-6505). The dataset contains all data necessary to interpret,
replicate and build on the methods or findings reported in the article. Tobacco
control policy data that support the findings of this study are released every two
years as part of the WHO’s Global Report on Tobacco Control; these data are also
directly accessible at https://www.who.int/tobacco/global_report/en/. Source data
are provided with this paper.

Code availability

All code used for these analyses is available at http://ghdx healthdata.org/record/
ihme-data/global-tobacco-control-and-smoking-prevalence-scenarios-2017 and
https://github.com/ihmeuw/team/tree/effects_tobacco_policies.
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Extended Data Fig. 1| Prevalence of current smoking for men (a) and women (b) aged 15 years and older (age-standardized) in 2017. Age-standardized
smoking prevalence (%) estimates from the 2017 Global Burden of Disease Study for men (a) and women (b) aged 15 years and older for 195 countries.

Smoking is defined as current use of any type of smoked tobacco product. Details on the estimation process can be found in the Methods section
and elsewhere’.
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Extended Data Fig. 2 | Prevalence of current smoking for men (a) and women (b) aged 15 to 29 years old (age-standardized) in 2017. Age-standardized
smoking prevalence (%) estimates from the 2017 Global Burden of Disease Study for men (a) and women (b) aged 15-29 years old for 195 countries.
Smoking is defined as current use of any type of smoked tobacco product. Details on the estimation process can be found in the Methods section

and elsewhere’.
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Extended Data Fig. 3 | Prevalence of current smoking for men (a) and women (b) aged 30 to 49 years old (age-standardized) in 2017. Age-standardized
smoking prevalence (%) estimates from the 2017 Global Burden of Disease Study for men (a) and women (b) aged 30-49 years old for 195 countries.
Smoking is defined as current use of any type of smoked tobacco product. Details on the estimation process can be found in the Methods section

and elsewhere’.
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Extended Data Fig. 4 | Prevalence of current smoking for men (a) and women (b) aged 50 years and older (age-standardized) in 2017.
Age-standardized smoking prevalence (%) estimates from the 2017 Global Burden of Disease Study for men (a) and women (b) aged 50 years and
older for 195 countries. Smoking is defined as current use of any type of smoked tobacco product. Details on the estimation process can be found in the
Methods section and elsewhere=.
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Males Females Both sexes
Relative 95% Ul p value Relative 95% Ul p value Relative 95% Ul p value
change change change
215
21to -1.8to -1.7to
RIP -1.6 11 <0-0001 -1.3 08 <0-0001 -1.3 08 <0-0001
-4.0 to -4.4 to -3.7 to
P -3.4 28 <0-0001 -3.6 27 <0-0001 -3.1 26 <0-0001
-4.4to -59to 4.2to
w -3.8 33 <0-0001 -5.2 44 <0-0001 -3.6 31 <0-0001
-5.1to 6.2 to -4.8 to
E 4.4 37 <0-0001 -5.2 4.1 <0-0001 -41 34 <0-0001
15-29
RIP 18 2410 <0001 16 2350 <0-0001 17 23t <0-0001
-4.3 to -51to -4.0 to
P -3.6 29 <0-0001 -4.0 29 <0-0001 -3.3 26 <0-0001
-4.6 to -6.8 to -4.5to
w -4.0 34 <0-0001 -5.8 48 <0-0001 -3.9 33 <0-0001
-55to -7.3to -53to
E -4.7 39 <0-0001 -6.0 46 <0-0001 -4.5 36 <0-0001
30-49
-2.3 to -1.9to -1.9to
RIP -1.8 192 <0-0001 -1.3 08 <0-0001 -1.4 0.9 <0-0001
-4.2to -4.9to -3.9to
P -3.6 29 <0-0001 -3.9 29 <0-0001 -3.3 27 <0-0001
4.7 to 6.2to -4.4 to
w -4.1 35 <0-0001 -5.3 44 <0-0001 -3.8 39 <0-0001
-5.2to -6.6 to -49to
E -4.4 36 <0-0001 5.4 42 <0-0001 -4.1 34 <0-0001
250
-1.6to . -1.4to -1.1to .
RIP -1.2 08 <0-0001 -0.9 0.2 0.008 -0.8 05 <0-0001
-3.8to -3.1to -3.2to
P -3.2 27 <0-0001 2.4 16 <0-0001 2.7 29 <0-0001
-4.0 to . -4.5to ) -3.6 to .
w -3.5 30 <0-0001 -3.8 31 <0-0001 -3.1 26 <0-0001
-4.8to -49to 4.4 to
E -4.2 35 <0-0001 -4.0 31 <0-0001 -3.8 32 <0-0001

Extended Data Fig. 5 | Percentage changes in current smoking prevalence based on fixed effect coefficients from bivariate mixed effect linear
regression models, by policy component, sex and age group. Bivariate models examined the unadjusted association between smoke-free (P), health
warnings (W), and advertising (E) achievement scores, and cigarette's affordability (RIP) and current smoking prevalence, from 2009 to 2017, across
175 countries (n=823 country-years). Linear mixed models were fit by maximum likelihood and t-tests used Satterthwaite approximations to degrees of
freedom. P values were considered statistically significant if lower than 0.05.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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Only common tests should be described solely by name; describe more complex techniques in the Methods section.
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|:| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

El A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

|Z| For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.
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Data collection  No primary data collection was carried out for this analysis.

Data analysis All analyses were executed with RStudio (version 1.1.383) using the Imer function in the R package Ime4.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

The dataset generated and analyzed during the current study is openly available at http://ghdx.healthdata.org/record/ihme-data/global-tobacco-control-and-
smoking-prevalence-scenarios-2017 (DOI: 10.6069/QAZ7-6505). The dataset contains all data necessary to interpret, replicate and build upon the methods or
findings reported in the article. Tobacco control policy data that support the findings of this study are released every two years as part of WHO's Global Report on
Tobacco Control, which are also directly accessible at https://www.who.int/tobacco/global_report/en/.




Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences [ ] Behavioural & social sciences | | Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Final sample consisted of 823 observations across 175 countries for each sex (males, females, and both sexes) and age (15 plus, 15-29, 30-49,
and 50 plus) specific models. No sample size was calculated because all country-years with available smoking prevalence estimate and
national level data on cigarette prices and policy achievement scores were included in the analysis. Specifically for the analysis of
counterfactual scenarios, all 155 countries with non-missing policy indicators for both 2008 and 2016 were included, as described in the
methods section.

Data exclusions  As described in the methods section of the main text, country-year observations were excluded if any indicator - smoking prevalence,
cigarette prices, and policy achievement scores - was missing. Out of the 195 countries with estimated smoking prevalence in the 2017 Global
Burden of Disease study, 20 had no tobacco control indicators for any year between 2008 and 2016 and were not included in our models.
Additional 20 countries were excluded in our counterfactual analysis due to lack of availability of cigarettes prices and/or policy achievement
scores in both 2008 and 2016. The decision to exclude these locations from our entire conterfactual analysis was to keep our pooled
estimated reduction in prevalence consistent across alternative scenarios (same number of countries were included for each scenario
prediction).

Replication This is an observational study using multiple years of smoking prevalence estimates (2009-2017) and publicly available national-level tobacco
control policy data (2008-2016)

Randomization  This analysis is an observational study and there were no experimental groups.

Blinding Blinding was not relevant to this study, as it was an observational study using survey data and publicly available tobacco control policy
indicators.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
n/a | Involved in the study n/a | Involved in the study
X Antibodies [] chip-seq
Eukaryotic cell lines |:| Flow cytometry
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