®

OPEN ACCESS

» Additional supplemental
material is published online
only. To view, please visit the
journal online (http://dx.doi.
0rg/10.1136/tc-2022-057618).

For numbered affiliations see
end of article.

Correspondence to

Dr Andrés Pichon-Riviere, IECS,
Ravignani 2024, (C1414CPV),
Buenos Aires, Argentina;
apichon@iecs.org.ar

Received 28 June 2022
Accepted 6 April 2023

| '.) Check for updates

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published

by BM.

To cite: Pichon-Riviere A,
Bardach A, Rodriguez

Cairoli F et al. Tob Control
Epub ahead of print: [please
include Day Month Year].
doi:10.1136/tc-2022-057618

Original research

Health, economic and social burden of tobacco in
Latin America and the expected gains of fully
implementing taxes, plain packaging, advertising
bans and smoke-free environments control measures:

a modelling study

Andrés Pichon-Riviere

% Ariel Bardach,"* Federico Rodriguez Cairoli,

Agustin Casarini,' Natalia Espinola,' Lucas Perell;,’

Luz Myriam Reynales-Shigematsu

3 Blanca Llorente,* Marcia Pinto,”

Belén Saenz De Miera Judrez,® Tatiana Villacres,” Esperanza Pefia Torres,®

Nydia Amador,? César Loza,'® Marianela Castillo-Riquelme,'' Javier Roberti @,
Federico Augustovski,' Andrea Alcaraz," Alfredo Palacios

ABSTRACT

Objective To investigate the tobacco-attributable
burden on disease, medical costs, productivity
losses and informal caregiving; and to estimate the
health and economic gains that can be achieved if
the main tobacco control measures (raising taxes
on tobacco, plain packaging, advertising bans and
smoke-free environments) are fully implemented in
eight countries that encompass 80% of the Latin
American population.

Design Markov probabilistic microsimulation
economic model of the natural history, costs and
quality of life associated with the main tobacco-
related diseases. Model inputs and data on labour
productivity, informal caregivers’ burden and
interventions’ effectiveness were obtained through
literature review, surveys, civil registrations, vital
statistics and hospital databases. Epidemiological
and economic data from January to October 2020
were used to populate the model.

Findings In these eight countries, smoking

is responsible each year for 351000 deaths,
2.25million disease events, 12.2 million healthy
years of life lost, US$22.8 billion in direct medical
costs, US$16.2 billion in lost productivity and
US$10.8 billion in caregiver costs. These economic
losses represent 1.4% of countries’ aggregated
gross domestic products. The full implementation
and enforcement of the four strategies: taxes,

plain packaging, advertising bans and smoke-free
environments would avert 271 000, 78 000, 71
000 and 39000 deaths, respectively, in the next
10 years, and result in US$63.8, US$12.3, US$11.4
and US$5.7 billions in economic gains, respectively,
on top of the benefits being achieved today by the
current level of implementation of these measures.
Conclusions Smoking represents a substantial burden
in Latin America. The full implementation of tobacco
control measures could successfully avert deaths and
disability, reduce healthcare spending and caregiver and
productivity losses, likely resulting in large net economic
benefits.
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INTRODUCTION
In 2019, tobacco use was responsible for the loss
of 200 million disability-adjusted life-years (DALYs)
globally.! The negative impact of tobacco use
goes beyond health, causing more than $1 trillion
in healthcare expenditures and lost productivity
each year as a result of tobacco-related diseases.
In health and economic terms, most of the burden
falls on small and medium-developing countries,
where 80% of the world’s 1.1billion people who
actively smoke live.> In addition to direct medical
costs, tobacco also affects the economy through the
productivity losses caused by tobacco-attributable
diseases, and the informal unpaid care of these
diseases, a burden that disproportionately affects
women. In Latin America, smoking is among the
five leading risk factors for death and disability,
contributes to poverty due to decreased produc-
tivity and out-of-pocket expenses and accounts also
for $34billion in direct medical costs annually.”*’
Although the evidence on the harmful effects of
tobacco is indisputable, over the past two decades,
the progress made on tobacco control has been
insufficient; smoking remains a leading risk factor
for early death and disability.® Although most
countries in the region have signed the Frame-
work Convention for Tobacco Control (FCTC),
the enforcement of key control interventions is
delayed because of misinformation, prejudice, lack
of quality data and pressure from the industry.* 7 ®
To promote the implementation of tobacco control
policies in the region, it is necessary to monitor
the health and economic consequences of smoking
at the country level and to make this information
available to decision-makers. High-quality data may
raise awareness of the health, social and economic
harms of tobacco use, the harmful effects of delayed
implementation of control measures, and the bene-
fits of proper implementation and enforcement. If
effective actions are not taken, the tobacco epidemic
will certainly grow in Latin America, a region
suffering from the double burden of communicable
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Smoking continues to be a leading cause of disease and
death, impacts the economy of individuals and their
families, and is responsible for costs and productivity losses,
representing a burden for countries and contributing to
poverty.

= In 2007, WHO introduced the MPOWER package of cost-
effective best practices measures, including tobacco tax
increases; smoke-free environments; health warnings on
tobacco product packaging; and enforcement of bans on
tobacco advertising, promotion and sponsorship.

= Despite the proven effectiveness of these measures, their
implementation and enforcement are suboptimal in Latin
America.

WHAT THIS STUDY ADDS

= Our study shows that smoking is responsible for a substantial
burden in terms of disease, direct medical cost, productivity
losses and time devoted to providing unpaid care to family
members.

= The economic losses attributable to tobacco represent
1.4% of the combined gross domestic product of Argentina,
Brazil, Chile, Colombia, Costa Rica, Ecuador, Mexico and
Peru (countries accounting for 80% of the Latin American
population); current tobacco taxes cover only 15.1% of these
economic losses.

= Countries are missing out on major health and economic
benefits by not properly implementing key tobacco control
measures.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= We provide clear evidence about the benefits of full
implementation of tobacco control strategies that could
guide government decisions to invest in tobacco control best
practices.

= Latin America needs to strengthen its existing measures
of tobacco control aiming at their full implementation: (1)
substantial increases in tobacco taxes to reach international
standards; (2) complete implementation and enforcement
of smoke-free environments; (3) plain packaging; and (4)
complete bans on tobacco advertising, promotion and
sponsorship.

and chronic diseases, and where the COVID-19 epidemic has
exacerbated the shortage of health resources.

The aims of this study are twofold: (1) to estimate the
tobacco-related burden on disease, mortality, direct medical
costs, productivity losses and caregiver burden; and (2) to esti-
mate the health and financial effects of the four main tobacco
control interventions recommended by the FCTC in Argentina,
Brazil, Chile, Colombia, Costa Rica, Ecuador, Mexico and Peru,
constituting 80% of the population of Latin America.

METHODS

Study design

This study is based on an economic model developed as part of a
collaborative project between academic institutions, researchers
and decision-makers from 12 Latin American countries (of
which eight were selected for this project based on their popu-
lation size and/or availability of required data).*” The model is
a state transition or Markov probabilistic microsimulation of

individuals (first-order Monte Carlo technique) that considers
the natural history, direct medical costs, indirect costs such as
productivity loss, and quality-of-life losses associated with the
main tobacco-attributable diseases (coronary and non-coronary
heart disease, cerebrovascular disease, chronic obstructive
pulmonary disease (COPD), pneumonia, influenza, lung cancer,
mouth and pharynx cancer, oesophageal cancer, stomach cancer,
pancreatic cancer, kidney cancer, larynx cancer, acute myeloid
leukaemia, bladder cancer and cervical cancer). Its characteris-
tics, components, validation and applications are described in
previous publications.* 7 # '* ' In this model, individuals are
followed up in hypothetical cohorts, from 35 years of age to
death, and annual individual risks of disease incidence, disease
progression and death are estimated based on individuals’ demo-
graphic attributes, smoking status, previous clinical conditions
and underlying risk equations.

Information sources

Data to populate the model were obtained from a literature
review that used MEDLINE, LILACS, Embase, EconLit, Google
(for grey literature) and Google Scholar. Public statistics and
country representative surveys were the main sources of infor-
mation on demographics, mortality rates and smoking preva-
lence. Research teams from participating countries provided
additional information from local sources on civil registrations,
vital statistics and hospital databases, and validated the epidemi-
ological parameters used. A detailed description of information
sources of information is available in the online supplemental
material.

The direct medical costs associated with tobacco-related
diseases were updated by the cumulative inflation rate esti-
mates made by our group or, when not available, following
a microcosting approach in which resources needed for diag-
nosis, treatment and follow-up were weighted by usage rates.
For cancer events other than lung cancer, indirect estimates were
made through the relative cost gap compared with lung cancer,
validated by an expert consensus process. We report direct
medical costs from the healthcare system perspective. We used
a weighted average of the costs of the different health sectors in
each country.

The costs of labour productivity loss attributable to tobacco
consumption were estimated considering the premature death of
working-age individuals, and the decrease in individuals’ labour
productivity due to a health condition (absenteeism). To estimate
the cost component associated with premature death, we applied
the Value of a Statistical Life formula.'* For the absenteeism
cost component, we adopted an indirect estimation criterion,
assuming that individuals’ work productivity decreased propor-
tionally to the reduction of quality of life attributed to that
condition.”® To estimate both cost components, we calculated
individuals’ labour income (by age and sex) through a Mincer
equation'® using representative household surveys in each
country, and the legal retirement age by sex in each country.’
For further details, see Pinto et al.!!

We used the proxy good method to estimate the monetary
value of the use of time in informal care (informal carers are
defined as those who provide care to family members without
receiving remuneration or economic compensation for it).'®
First, a comprehensive literature review was performed to collect
data on time of informal care (in hours per day) for the selected
diseases. Currently, regional statistics on this topic are not
available. We validated the collected data with a survey among
professional caregivers and experts. Then, we used an indirect
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estimate using information of health state preference values (or
utilities) through the interpolation of the validated data for those
cases with no reliable information.'” Finally, national household
survey databases were processed to obtain the average wage
per hour of a proxy of informal caregiver. We introduced the
economic burden of informal care in the main outcomes, multi-
plying the annual cost of hours of the informal caregiver for each
of the diseases and the number of cases attributable to tobacco
consumption.

All costs were estimated in local currency and converted to US
dollars using 2020 average exchange rates, published by central
banks. Macroeconomic parameters, such as gross domestic
product (GDP) and health expenditure, were extracted from
data banks of multilateral organisations.

The epidemiological and economic data to populate the
model were obtained from 1 January 2020 to 1 October 2020.
The main parameters and their sources are shown in the online
supplemental file 1.

Model calibration and validation process

In each country, calibration was done by comparing the specific
mortality rates predicted by the model in each sex and age group
with the vital statistics (for the base year 2020). Variations of
less than 10% were considered acceptable. In the case of larger
variations, the risk equations were modified until estimates fell
within the desired range (modifying up to a maximum of =20%
of the estimated incidence and/or lethality rates of each condi-
tion). The model was externally validated against other epide-
miological and clinical studies not used for equation estimation
and development.

Estimation of the smoking-attributable disease burden

The main outcomes of the model were disease events, hospital-
isation, disease incidence, life-years, quality-adjusted life-years,
disease costs, indirect costs and healthy years of life lost (both
years lost by premature mortality and quality-of-life losses).
The disease burden was estimated as the difference in outcomes
between the results predicted by the model for each country
under current smoking prevalence and a hypothetical cohort
of individuals who never smoked, for each country. Passive
smoking and perinatal effects were estimated to impose an addi-
tional burden of 13.6% (men) and 12% (women).'®

Estimation of the effect of control measures

To estimate the impact of control measures, we followed the
approach reported in our previous studies.* 7 1 1! The effect of
price increases through taxes on the smoking prevalence was
calculated as follows:

Prevalence = PrevB + (Ed x AP x Ip x PrevB)

where PrevB is the baseline prevalence of smoking before price
increase; AP is the percent price variation; Ip is the proportion
of variation in cigarette consumption expected to impact on
smoking prevalence; and Ed is price elasticity of demand for
cigarettes. For impact of tax increase on revenues, see online
supplemental material. The retail price increase (AP) modelled
for each country was defined based on the affordability of ciga-
rettes according to WHO": 60% increase for countries in which
the cost of 100 packs <3% of GDP per capita (Argentina, Brazil
and Colombia), 40% when it was 3%-6% (Chile, Costa Rica,
Mexico and Peru) and 20% when it was >6% of the GDP per
capita (Ecuador).

Although the association between tax increase and illicit trade
is controversial,”” the model considers the potential substitution

between legal and illegal markets, based on the cross-price elas-
ticity between them. Parameters needed to estimate cigarette
price elasticity for each country were obtained from the litera-
ture. In the absence of country-specific estimates, we used infor-
mation of cigarette consumption in the illicit market before and
after a tobacco tax reform in Colombia®! to estimate a proxy of
cross-price elasticity of the demand between the licit and illicit
tobacco products.

To estimate the impact of implementing plain tobacco pack-
aging, advertising bans or smoke-free air, the smoking preva-
lence post-intervention was calculated as follows:

Prevalencepm = Prevalancepm —[(E,—E)(A-E)xI x Prevalencepre]

where Prevalence,, is prevalence of people who smoke before
the intervention, I, is variation proportion in consumption
affecting this prevalence, E  is the expected effectiveness of fully
implementing the intervention, and E_is the effectiveness being
achieved (if any) with current measures (expressed as relative
reduction in tobacco consumption). The effectiveness achieved
by these measures for smoke-free air and advertising bans was
adjusted according to compliance level in each country.” The
estimated effectiveness of the smoke-free interventions included
risk reduction in persons who do not smoke due to reduced
exposure to secondhand smoke.® The impact on health and
economic outcomes was estimated as the difference in outcomes
between the results predicted by the model for each country
under current smoking consumption and under the new scenario
of reduced consumption after the implementation of the inter-
vention. The interventions’ impact is reported as the 10-year
cumulative effect.

For sensitivity analysis, we used the 95% CI of the elasticity
estimate in each country for increasing taxes, and the effective-
ness estimate range for the other interventions. Base case results
and uncertainty intervals are presented for all results. See online
supplemental material for details of the interventions’ expected
effectiveness (base case values and ranges), current situation in
each country and methods used to estimate the cumulative effect.

Role of the funding source

Sponsors had no role in the study design, data collection, anal-
ysis, and interpretation, or writing of the report. The corre-
sponding author had full access to all data and was responsible
for the decision to submit for publication. We also confirm that
all researchers are independent from funders. All authors had
full access to all data in the study and take responsibility for the
data and the accuracy of the data analysis.

Transparency statement

The lead author of this study, Professor Dr Andrés Pichon-
Riviere, affirms this manuscript is an honest, accurate and trans-
parent account of the study being reported; no important aspects
of the study have been omitted and any discrepancies from the
study as originally planned have been explained.

Data sharing statement

Data collected for the study are available upon request to corre-
sponding author, after approval of a proposal, with a signed data
access agreement.

Patient and public involvement

Decision-makers from 12 countries in Latin America were
involved in the design, data collection and dissemination of this
study.

Pichon-Riviere A, et al. Tob Control 2023;0:1-11. doi:10.1136/tc-2022-057618

“ybuAdoo Aq parosioid 1sanb Aq 120z ‘0T |dy uo jwoo fwg’jonuod033eqo)//:diny wol) papeojumoq ‘€20z Ae ¥ U0 8T9/50-2202-21/9STT 0T Sk paysiignd 1si1 :j01u0d qoL


https://dx.doi.org/10.1136/tc-2022-057618
https://dx.doi.org/10.1136/tc-2022-057618
https://dx.doi.org/10.1136/tc-2022-057618
https://dx.doi.org/10.1136/tc-2022-057618
https://dx.doi.org/10.1136/tc-2022-057618
https://dx.doi.org/10.1136/tc-2022-057618
http://tobaccocontrol.bmj.com/

<=
(9]
S
©
@
(%]
o
S
©
c
)
=
o

Tob Control: first published as 10.1136/tc-2022-057618 on 4 May 2023. Downloaded from http://tobaccocontrol.bmj.com/ on April 10, 2024 by guest. Protected by copyright.

JIejndsenoipied ‘A) ‘aseasip Aieuownd aA13dNIISO d1UOIYD ‘Gd0D

(%001) 08650221  (%001)8SLGLL  (%00L)88LL0ZT  (%00L) 9¥0S¥Z  (%00L) 0099L  (%00L) €891¥6  (%00L) L8LLE9  (%00L) 925L56S  (%00L) L6S Vv L T1A |e3oL
(%L92) SLLZITE  (%6'LT) L0866L (%L°LT) TOV 219 (%Z0€) 606EL  (%0'LE) LTLET  (%wL'LD) TWOSST  (%6'67) ZLEOGL (%8'92) L6V866 | (%L°12) ST060€ Ayiqesip 03 anp T1A
(%€'€L) S98TV68  (%1'TL) LSESLS (%€7L) 986565 L (%869) LELLLL  (%0'69) €£87S  (%67L) 1¥9989  (%1°0L) SL89Y (%T°€L) 0€06SEY (%€'8£)995GLL L Aujerow aimewsaid o3 anp TIA
(%001) SLLZ9ZE  (%00L) L08661 (%001) ZO¥Z19 (%001) 606 €L  (%00L) LzL€C  (%00L) Zv0SST  (%00L) ZLEO6L  (%00L) L6V86S L (%001) §2060€ Aupgesip [eyor
(%S°L1) L6Z9LE (%¥"L1) S9LTC (%L'11) VS 1L (%L'11) L2938 (%L'11) SLLT (%S°LL) LLE6T (%¥'11) ¢SL1T (%S°L1) 878 €81 (%S'11) L8 SE aows pueypuodas
(%S°01) 896 £VE (%0'9) €€6 L1 (%8°2) 159L¥ (%S'S) 8€0 (%¥°02) 8v8Y (%v°S) 108 €L (%T'6) 165 L1 (%TEl) 6TV LLT (%9°01) €£92€ S13DUD JAYI0
(%1°L) L800ET (%T°€) 10€9 (%E¥) 09 9T (%C°7) 8191 (%9°01) 805C (%1%) G9501 (%€9) 5l0TL (%9'8) 676 LEL (%9°01) 999 Z€ Jaoued bun]
(%0°0) LOL (%0°0) €L (%0°0) Z€L (%0°0) 71 (%0°0) 20 (%0°0) 1T (%0°0) LL (%0°0) S¥€ (%0°0) 86 eluownaud
(%€'Sy) 0ZELLYL  (%1719) 9L0TTL (%1°L¥) ¥0L 88T (%1°9%) 850vE  (%SY) T9S0L  (%6'%S) 9L66EL (%9°6%) 61776 (%L°6€) 959 7€9 (%S°6) 028251 adod
(%2'6) €59 L0E (%¥€1) L699T (%S'11) 91LL0L (%Z°01) 1¥SL (%L°7) 89 (%1°S1) 6£58€ (%¥'T1) vrS €T (%0°L) LyLLLL (%T'L) 08l 7T ons
(%€91) 569 2€S (%0°S) 9566 (%S°L1) L61 L0L (%EYT) 796 L1 (%0°01) ¥8€T (%6°8) 0L TT (%0°11) 2607 (%6°61) EVS8LE (%L°01) 156 TE aseasip AD
Aunqesip 01 anp T1A
(%001) §982¥68  (%001) LSEGLS  (%001) 98€G6S1L  (%00L) LELLLL  (%00L) €£825  (%00L) L¥9989  (%00L) S/89Fy  (%00L) 0£06SEY  (%00L) 99SSLL L fyjeriow ainjewsud [eyop
(%9°L1) ZV09€0 L (%¥°L1) 976 8% (%L°L1) L6€98L (%L°L1) 600 (%L°L1) 8819 (%9°L1) LyE6L (%S°LL) 0LY 1S (%9°L 1) Z8Y 705 (%9°LL) ¥¥T6TL ous pueypuodss
(%L°S1) LSO9VEL (%9°S1) 67508 (%E°01) ¥Z6 €91 (%9°€l) Eve €T (%LS1) 2628 (%L°€L) €21 06 (%9°91) 991 7L (%1°L1) 800 LYL (%T'¥1) 999861 $13DUED JAYI0
(%S°€1) 29S0T L (%0°L1) 5259 (%L°L) LESTTL (%8°8) 79061 (%9°01) 7295 (%0°GL) 0LLT0L (%6°S1) L6 0L (%1¥1) 068€19 (%9°61) ZvE8LT Jaoued bum
(%8°S) S¥651S (%L'6) 66105 (%8'9) 7/8 16 (%1'9) L6EOL (%L°€) 1961 (%T'7) SL6vlL (%S'7) 78T 1L (%0°9) 10192 (%L'9) €STVL eluouwnaug
(%9°€7) €ELV60LT  (%9°€E) PSEELL (%5°52) 8L1 LOY (%7'87) 6787  (%1'87) G981  (%9°L7) 78468l  (%0°0€) ETOVEL (%Z°17) 076 €26 (%5'61) 666 L1T adod
(%¥°L) 916 £99 (%€'8) 0¢S Ty (%L'L) S6LETL (%6°8) €551 (%1°5) €89¢ (%€'L) 8T¥0S (%SL) LIV EE (%S'L) 6€9LTE (%T'9) £8£89 ois
(%1°€2) 28590 (%E°01) §STES (%Y 1€) 887005 (%9°T0) 9L 8E  (%L'ST)09TEL  (%T'€T) 9LT6SL (%0°91) €79 LL (%S°22) 080 186 (%€°TT) 9LT8YT aseasip D
Ayijerow aunjewsasd 03 anp T1A
TIA
(%00L) ¥6€8¥ZT  (%00L) ¥SLIZL (%001) 990621 (%001) 92605 (%00L) 55891  (%001) Z8L¥9L  (%00L) 9€L0T1L (%001) S8LTLLL (%001) 06922 |eloL
(%¥°€) 1809L (%8°€) Sv8y (%1°2) 2006 (%9°7) zzel (%¥°€) £9G (%¥°€) 6855 (%0°v) 0v8Y (%9°€) 192 0v (%Ev) 596 S12dUBd JBY10
(%1°2) 088 €S (%2°2) 0€LT (%t°1) 0909 (%S°1) 652 (%6°1) zz€ (%8°7) 759v (%1°€) 969€ (%€°7) 92192 (%) 8€56 Jadued bum
(%v"0L) S99 €€T (%161) 6911 (%T0l) SY6 €Y (%E€°6) 87LY (%9%) €LL (%17) 9€89 (%9'%) 6755 (%€01) 86111 (%¥v1) £89C€E eluounaug
(%6°€¥) 00Z 986 (%1°65) 656 7L (%8'SY) L6¥ 961 (%8'9Y) 818 €T (%S°2h) 8S1L (%0°25) 50958 (%0°2S) SL 79 (%0°6€) 67L €€ (%6°7Y) 569 101 adod
(%¥"9) LS6TVL (%%°8) 55901 (%1°8) LTLYE (%9°L) Sv8¢€ (%T0) TLe (%1°01) 9€991 (%¥°01) 1851 (%L'Y) LELTS (%0°5) 0¥ L1 aous
(%9°€€) 1196SL (%v°L) 96€6 (%¥°T€) 178 8EL (%E°T€) LEVIL (%S'SP) 799L (%9°LT) €97 S (%0°'97) SVE LE (%0°0Y) €56 77y (%TL7) TS 19 9seasip AD
SJUDAD aseasiq
(%001) €65 0S€ (%001) ¥LETT (%001) LSL €9 (%001) £089 (%001) vL1LZ (%001) LvE0E (%001) 8Z1 61 (%001) £58191 (%001) 8SL ¥ lezoL
(%S°LL) PEE O (%S'L1) ¥LST (%S°LL) 992L (%S°L1) €8L (%S°L1) 062 (%S°LL) LevE (%S°L1) 10TT (%S°L1) 07981 (%S°L1) 6V1G ous pueypuodss
(%8°€L) 9zz 8Y (%8€1) 060€ (%€°6) 6785 (%T€l) 868 (%€'G1) €€ (%8'11) ¥8S€ (%6'G1) 8€0€ (%6'G1) €895 (%6°T1) TSLS S19dUd JBYI0
(%0°7L) 890 6 (%8°01) 0Z¥C (%18) 721§ (%0°01) 089 (%L°LL) ¥ST (%E VL) LEEY (%891) Lzze (w161 eV T (%T61) 1658 Jaoued bun
(%2°L) 081 ST (%8'C1) 5£8C (%5°9) 080 (%9'L) 715 (%S'v) L6 (%97 €8L (%L°€) 10L (%S'L) L0ZTL (%8'8) 876¢€ eluowWnNaud
(%€°52) ¥55 88 (%1'7€) §T9L (%ELT) 8LTLL (%S5'67) 010C (%6°87) 879 (%1°87) 658 (%0°0€) LELS (%€°€7) 989 LE (%Y°07) LL16 adod
(%L9) LLELT (%6'9) 8€S L (%5°9) €60 (%6'9) LLY (%EY) ¥6 (%5°5) 9591 (%5"9) 6vCL (%2°9) L7001 (%6'7) SLLT oS
(%TCT) vi6LL (%1°01) T5TT (%6°0€) 62561 (%E'17) 1SPL (%6'€7) 615 (%T92) TS6L (%9'G1) 9867 (%S07) 6L1 €€ (%¥'22) s700L aseasip AD
|exop nisd 0JIX3aN Jopend3 edjy e1so) elquojo) 3Iyd |1zeag eunuabiy syleaq
0207 o4 A13unod pue asned Aq ‘032eqo} 01 3|gengLiie (TTA) 350] 34| 4o sieak pue duspidul Iseasip ‘Alijeriow Jo usping enuuy | d|qel

10.1136/tc-2022-057618

1-11. doi

0

i

Pichon-Riviere A, et al. Tob Control 2023


http://tobaccocontrol.bmj.com/

Original research

RESULTS

Health, economic and social burden of tobacco

In 2020, 351000 deaths were attributable to smoking in the
eight countries included in this study, representing 12.4% of all
deaths in adults aged =35 years. Smoking is estimated to cause
2.2 million disease events annually, including 143000 strokes,
130000 cancers and 756 000 cardiovascular events (table 1). In
total, 12.2 million healthy years of life are lost every year because
of both tobacco-attributable premature mortality (73.3%) and
disability (26.7%), with COPD, cardiovascular disease and
cancer as the leading causes (figure 1A). Argentina, Brazil and
Chile are the three countries in which smoking is responsible for
the most significant burden of disease, exceeding 2500 years of
life lost per 100000 population (3200, 2800 and 3300 years,
respectively).

In 2020, the healthcare systems of these eight countries spent
US$22.8billion in direct medical costs to treat the conditions
caused by tobacco consumption (table 2 and figure 1B). This
represented an average of 8.1% of all national health expendi-
tures, ranging from 6.0% in Colombia to 11.7% in Peru.

The economic burden for lost productivity attributable
to tobacco amounted to $16.2billion because of premature
death ($6.4billion) and disability ($9.8billion). Caregiver

costs represented an additional burden of $10.8billion. In

Exhibit A. Years of life lost per 100,000 population and proportion of total adults* deaths attributable to tobacco

3,139.5

13.3%

1,869.4

Argentina Brazl Chile Colombia

total, the economic losses attributable to tobacco in 2020 were
$49.8 billion, representing an average of 1.4% of the GDP of
each of these countries, from 0.9% in Colombia, Costa Rica and
Mexico to 1.9% in Brazil. All countries were far from recovering
tobacco-attributable economic losses through tobacco tax collec-
tion. Tax revenues from cigarette sales are lower than the direct
medical costs generated by tobacco consumption in all countries
and account for 15.1% of the negative impact of smoking on
their economies (ranging from 4.4% in Peru to 29.2% in Chile).

Effects of tobacco control measures

The four tobacco control interventions analysed could substan-
tially reduce the tobacco burden on health and on countries’
economies (table 3). If countries achieved the retail price rise
modelled in this study, the expected number of smoking-
attributable deaths in the next 10 years would decrease by 271
000, representing a decrease in overall adult deaths (=35 years)
ranging from 4.0% in Argentina to 10.0% in Brazil (figure 2).
The raised cigarette taxes would prevent 1.6 million cardiovas-
cular, cancer and other disease events over the next 10 years;
additionally, 10.6million healthy life-years would be gained.
Overall, the proposed tax increases in these countries will
result in a total economic benefit of $63.8billion. An important

18.0%
=V disease

= Stroke 16.7%
s COPD 16.0%
= Preumonia

= Lung cancer ey

s Other cancers

mm— Second hand smcke

2,192.0 2.0%

= Proportion of total deaths over 35yrs attributable totobacco.
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1,498.7

1,420.9
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Exhibit B. Economic losses attributable to tobacco and tobacco tax revenues as a proportion of the country's gross domestic product (GDP)
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*35 years of age and older; CV di: i disease; COI i i y disease
Figure 1

mm Productivity losses due to premature death
w Productivity losses due to disability

mm Caregiver’s costs

mm Direct medical costs

~m-Tobacco tax revenues

131% 128%

Costa Rica Ecuador Mexico Peri

Annual health and economic burden attributable to tobacco (US$2020). (A) Years of life lost per 100 000 population and proportion of

total adults™ deaths attributable to tobacco. (B) Economic losses attributable to tobacco and tobacco tax revenues as a proportion of the country's
gross domestic product. *Thirty-five years of age and older. COPD, chronic obstructive pulmonary disease; CV, cardiovascular.
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proportion of this benefit results from increased tax revenues
($20.5 billion). Although price rise will result in reduced tobacco
consumption, tobacco tax revenues will increase in all countries.
Healthcare costs averted because of reduced tobacco consump-
tion ($16.7billion), and productivity and caregiver costs averted
($17.2billion and $9.4billion, respectively) are the other
components of the economic benefits expected over the next 10
years if the proposed tax increases are implemented. In a hypo-
thetical scenario with incremented illicit trade as a result of tax
measures, the benefits of raised cigarette taxes would decrease
but remain large: 183000 deaths averted and $49.3billion in
economic benefits over the next 10 years (a 32% and 23%
reduction, respectively, compared with the base case).

Implementing plain packaging in the eight countries could
prevent 78000 deaths and 450000 disease events and would
result in economic benefits of $12.3billion over the next 10
years. Plain packaging would be the second most effective inter-
vention in Brazil and Colombia, after tax increases, and the third
most effective measure in Argentina, Chile, Costa Rica, Ecuador
and Peru (table 3 and figure 2).

Latin American countries have included in their legislation
advertising and sponsorship bans. In addition to the benefits
that restrictions in force are already producing, advancing to
a complete ban on advertising could reduce adults’ deaths by
between 0.4% (Colombia) and 3.9% (Peru), representing 71000
deaths averted over the next 10 years in the eight countries,
and more than $11.4billion in economic benefits. In Argentina,
Chile, Costa Rica and Peru, the full adoption of advertising bans
is the most beneficial intervention after the tax increase measure.

Similar to advertising bans, if these countries advanced to
the highest level of adoption and enforcement of smoke-free
air measures, an additional 39000 deaths and 217000 disease
events would be avoided, with economic benefits of $5.7 billion
over the next 10 years. In Mexico, the adoption of smoke-free
air is the second intervention with the greatest potential for
health and economic benefits after the tax increase.

DISCUSSION

Our results show that, despite decades of tobacco control
efforts, smoking remains a leading cause of health and economic
burden in Latin America. Nearly a thousand people die every
day as a result of tobacco use in these eight countries, and, in
2020, it was estimated to cause over 2million disease events,
including cardiovascular events, cancer, stroke, COPD and other
diseases. These results are consistent with the estimations of the
Global Burden of Disease Project,”” which show that, regardless
of the relative decrease in tobacco prevalence in the last decades
(19.8% (16.9%-22.5%) decrease),”® age-standardised rates of
deaths and DALYs for smoking-attributable diseases remain high
in Latin America, a region hard hit by the epidemic.

Most studies of tobacco burden focus on the disease compo-
nent,’ or, if these include the economic dimension, they centre
on direct medical costs.* ** This represents an important under-
estimation of the burden of tobacco use, as several studies have
shown that direct medical costs accounted for less than 50% of
the total economic burden. When indirect costs are included,
the total economic cost of smoking may reach 1.8% of the
world’s annual GDP* A significant contribution of our study
is the estimation of the economic burden due to lost produc-
tivity and caregiver costs, representing over 56% of the total
economic burden. Considering direct and indirect costs, we
show that tobacco use produces economic losses of $49.8 billion
in the eight countries, the equivalent to 1.4% of their combined

Pichon-Riviere A, et al. Tob Control 2023;0:1-11. doi:10.1136/tc-2022-057618
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Figure 2 Main benefits of the four public policy measures for tobacco control: proportion of tobacco-attributable adults'™ deaths that could be
averted and economic gains (as a proportion of countries' gross domestic product). *Thirty-five years of age and older.

GDPs.” Studies in the USA,%® Canada? and Australia®® have
also demonstrated that labour productivity losses account for
a considerable proportion of the total economic costs attribut-
able to smoking. In Latin America, a study in Brazil found that
labour productivity costs attributable to tobacco consumption
represented R$17.5 million, over 30% of Brazil’s total economic
burden of smoking.'! Although no studies on the economic
burden of informal caregivers associated with tobacco were
found, a systematic review showed that the inclusion of informal
care in economic evaluations can have a strong impact on cost-
effectiveness outcomes under certain circumstances.”’ Moreover,

informal care is an activity with scarce recognition and strongly
feminised, a key element of gender inequalities worldwide.*
Despite the significant burden produced by smoking, tobacco
products are still too affordable in the region.*! The price increase
through taxes has shown the greatest potential to reduce the
tobacco burden and produce the most important economic bene-
fits. As seen in the literature, taxation increase is a very effective
measure to reduce cigarette use.”” Even in the most pessimistic
scenario, where illicit trade increases because of higher taxes,
our results show that health and economic benefits would still be
significant and surpass all potential losses produced by illicit trade.
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Importantly, this analysis considers the benefits currently
being achieved in each country, which allows estimating the
true additional benefit expected if these measures are taken
to their maximum implementation level. For these reasons, in
Argentina, Colombia, Costa Rica, Ecuador and Peru, the smoke-
free air measure yields fewer additional benefits because their
current legislation and implementation have already advanced
significantly."”” Moreover, in Brazil and Chile, with the most
comprehensive legislation and the highest adoption levels of this
measure,'” no additional benefit could be expected. The oppo-
site occurs in Mexico, lagging behind in terms of smoke-free
measures, where our results show this intervention’s substantial
potential to reduce the tobacco-attributable burden. A recent
reform of the Mexican tobacco control law,*® which enforces
smoke-free environments and bans tobacco advertising, will take
advantage of the significant benefits of these two interventions.

After the tax increases measure, plain packaging can provide
the greatest benefits considering the eight countries together
(78000 deaths and $12.3billion in costs averted), followed
by advertising bans (71000 deaths and $11.4billion in costs
avoided). Similar to smoke-free air measures, the potential bene-
fits of these interventions are related to the current adoption
level. Colombia, with medium-sized warnings in cigarette pack-
ages, can expect greater benefits moving towards plain pack-
aging; while Mexico and Peru, which, until now, had the lowest
level of restriction on advertising, would obtain the greatest rela-
tive benefits with the full implementation of a complete ban.

As in all model-based studies, an important limitation is the
quality of the inputs; although we used the best available infor-
mation and applied a uniform and replicable method, avail-
ability and quality of epidemiological and cost information in
Latin America are heterogeneous. The 10-year benefit estimates
depend on the fact that several factors remain unchanged (eg,
smoking behaviours or medical cost), which will not necessarily
be the case. There is no conclusive evidence on the true impact
of interventions, on how this evidence could be transferred to
other settings, or on how to estimate the effects of interventions
applied concurrently; therefore, it would be incorrect to simply
add up the benefits of the interventions analysed here. The model
was calibrated and validated for each country, and we included
an estimate of the uncertainty regarding the size of the effect
of the interventions, but the model does not account for other
potentially relevant sources of uncertainty (eg, epidemiological
or cost parameters). Although our study did not include all Latin
American countries, the countries analysed comprise 80% of the
population, and represent a varied sample. Despite these limita-
tions, this is the most comprehensive assessment of tobacco
burden and the potential benefits of control interventions in
Latin America, using the most up-to-date and locally generated
information at the country level and a robust economic model
developed in the region. This enormous tobacco-attributable
burden is probably a conservative estimate as other dimensions
impacted by tobacco were not included.**

Although taxation, plain packaging, advertising bans and
smoke-free laws are the central interventions recommended by
the WHO and the best strategy to curb the tobacco epidemic, no
country in Latin America has fully adopted these four measures.
Taxation falls short of WHO recommendations, cigarettes
remain affordable, legislation is lacking to advance with the main
control measures, and the implementation and compliance levels
are suboptimal. Our results show that tobacco imposes a dispro-
portionate burden on population well-being and countries’
economies that could be avoided with appropriate policies. The
four tobacco control interventions analysed could successfully

avert deaths and disability and significantly ease the tobacco-
attributable economic burden. Every tobacco-attributable death
or disease event affects individuals, their families and society as a
whole. In 30 years from now, the Latin American population will
still be affected by the decisions made today—or even worse,
suffering from the consequences of the decisions not made.
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Supplementary Table 1. Epidemiological and economic key model parameters for each country
Parameter Argentina Brazil Chile Costa Rica Colombia Ecuador Mexico Peru
Population 2020 (>=35y) 20,404,023 98,134,446 9,771,671 2,299,805 21,977,761 6,335,146 51,796,845 13,390,445
Men 47% 47% 48% 49% 47% 49% 47% 49%
Women 53% 53% 52% 51% 53% 51% 53% 51%
Smoking prevalence (%)
Men 16% 16% 26% 10% 11% 15% 21% 29%
‘Women 7% 9% 19% 4% 3% 3% 6% 18%
Overall crude mortality rate per 100,000
(Male/Female)
Acute myocardial infarction 110-8 135 63-9 72-7 176-9 118-0 185-3 45-5
(136-6/88-2) (163-8/109-3) (79-8/49-3) (92-8/53-3) (203-0/154-0) (137-9/99-4) (219-3/155-1) (52-5/38-8)
Ischemic heart disease (non-acute 28-1 322 20-6 59-5 6-0 5-0 15 5-4
myocardial infarction) (35-8/21-3) (37-7127-4) (25-9/15-8) (71-4/48-0) (7-3/4-8) (6-2/3-8) (17-6/12-7) (6-5/4-3)
Other cardiovascular disease 187-3 40-0 70-1 57-3 134-1 58-4 41-4 32-8
(206-6/170-4) (44-7/37-7) (65-7/72-2) (56-8/57-8) (148-3/121-6) (56-4/60-3) (40-7/42.0) (35-0/30-6)
Cerebrovascular disease 94-5 75-5 84-0 60-3 47-1 67-9 64-0 55-8
(100-9/88-9) (80-9/70-6) (86-0/82-1) (58-4/62-2) (46-7/47-3) (71-5/64-5) (67-1/61-3) (55-6/56-1)
Pneumonia / Influenza 148-5 96:-6 34-8 35-1 26-2 57-7 48 98-8
(144-2/152-3) (99-6/94-0) (35-2/34-5) (41-0/29-4) (29-1/23-6) (60-2/55-3) (55-4/41-5) (101-9/95-9)
Lung cancer 46 36-2 33-3 15-5 24.3 12-2 12-9 20-6
(65-3/29-0) (44-0/29-2) (40-3/26-9) (20-0/11-2) (31-2/18-2) (14-3/10-3) (16-4/9-8) (21-2/20-0)
Main direct medical costs 2020 (USD)
Acute myocardial infarction event 5,783-23 3,761-63 3,986-77 4,329-26 12,405-18 4,825-15 4,673-38 2,848-29
Non-acute myocardial infarction coronary 4,337-42 1,413-23 2,731 1,468-61 7,016-59 5,070-36 3,075-15 1,978-96
ischaemic event
Coronary heart disease (Annual follow- 1,067-86 307-08 1,459-39 894-3 1,045-74 1,416-87 1,195-74 1,253-01
up)
Stroke event 4,228-33 2,633-14 2,790-74 3,030-48 8,683-63 3,377-61 3,271-37 1,993-8
Stroke (Annual follow-up) 1,264-39 3,234-09 4,478-93 1,520-51 7,145-27 4,198-28 3,970-31 5411-43
Pneumonia or influenza 429-89 597-96 1538-56 359-42 1579-89 1041-36 628-74 859-07
Mild COPD (annual) 507-84 271-31 237-53 710-75 1871-39 458-61 1262-6 186-25
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Moderate COPD (annual) 245-34 520-57 252-83 159-99 21311 263-68 288-63 156-02
Severe COPD (annual) 540-61 869-49 557-84 288-56 570-69 602-25 863-4 408-57
Lung cancer Ist year 1,655-17 3,624-63 6,199-24 2,011-26 7,864-04 5,364-82 8,902-47 4,667-85
Lung cancer 2nd year 19,301-22 9,226-24 21,961-88 9,231-59 21,961-04 22,449-33 13,294.23 15,065-43
Economic Parameters

Tobacco tax revenues in 2020 (million 1,353,595,236 1,209,869,879 1,178,712,763 330,069,207 44,733,310 96,871,745 2,031,600,000 476,47
USD)

Taxes as a proportion of cigarette price 76-22% 82:97% 82:36% 78-43% 55-11% 69-97% 67-00% 49-00%
GDP in 2020 (million USD) 421,237 1,273,119 240,312 270,842 59,698 100,668 1,051,525 207
GDP per capita in 2020 (USD) 8579 6797 13232 5335 12141 5600 8329 6127
Price elasticity of demand -0-30 (-0.4 - -0.2) -0-48 (-0.6- --0.4) -0-45 (-0.5 -0.4) -0-43 (-0.5--0.4) -0-78 (-0.9 - -0.6) -0-87 (-1.1--0.7) | -0-45(-0.5--0.4) |-42(-0.5-0.3)
Total health expenditure- proportion of 9-12% 9-46% 8-98% 7-23% 7-33% 8-26% 5-52% 4-99%

GDP
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Data sources:
e Demographic information was obtained through public statistics.*®

Information on number of deaths for each disease was obtained from public statistics.”"*?

e Information on smoking prevalence was extracted from country surveys: Argentina,'® Brazil,**
Chile,** Colombia,'® Costa Rica,*” Ecuador,'® Mexico,> and Peru.'®

e The GLOBOCAN database was used to obtain information on the incidence, prevalence, case
fatality rate and mortality rate of cancer diseases.?°

e The case fatality rates of noncancer diseases were estimated from local hospital discharge
databases for Argentina,!* Brazil,*? Chile,’*® Colombia,>*® Costa Rica,” Ecuador,® Mexico,®
and from the Global Burden of Disease data source for Peru.?’

e The direct medical costs associated with tobacco-related diseases were updated by cumulative
inflation rate??2324 or estimated following a microcosting approach in which the resources needed
for diagnosis, treatment, and follow-up were weighted by their usage rates.

e Average exchange rates of 2020 published by central banks of all countries were used to convert
costs in local currency to US dollars.?>-32

e Macroeconomic parameters were obtained from the data banks of multilateral organizations.333*

e To estimate cost components, labour income of individuals through a Mincer equation3*36 using
representative household surveys in each country,3? and the legal retirement age by sex in each
country.®

e Information on hours of informal care per day and health conditions was obtained through a

literature review.%>3

e The parameters needed to estimate the price elasticity of cigarettes for each country were

obtained from the literature.>*-°

Pichon-Riviere A, et al. Tob Control 2023;0:1-11. doi: 10.1136/tc-2022-057618


https://paperpile.com/c/NKBicK/XzVzi+yWN0g+kbIIT+AIZXr+IupZB+NmCzF
https://paperpile.com/c/NKBicK/KSdi5+NOxDI+KR4vM+M7jfy+Ck4BQ+9JpyO
https://paperpile.com/c/NKBicK/tdOu1
https://paperpile.com/c/NKBicK/pDlQT
https://paperpile.com/c/NKBicK/MVIWV
https://paperpile.com/c/NKBicK/zAtxj
https://paperpile.com/c/NKBicK/1qw3a
https://paperpile.com/c/NKBicK/VJEOA
https://paperpile.com/c/NKBicK/IupZB
https://paperpile.com/c/NKBicK/9lNzK
https://paperpile.com/c/NKBicK/xujG9
https://paperpile.com/c/NKBicK/Ck4BQ
https://paperpile.com/c/NKBicK/9JpyO
https://paperpile.com/c/NKBicK/M7jfy
https://paperpile.com/c/NKBicK/KR4vM+zAtxj
https://paperpile.com/c/NKBicK/KSdi5
https://paperpile.com/c/NKBicK/f4r95
https://paperpile.com/c/NKBicK/IupZB
https://paperpile.com/c/NKBicK/xujG9
https://paperpile.com/c/NKBicK/Ayz8U+bMWkr
https://paperpile.com/c/NKBicK/6FoAx
https://paperpile.com/c/NKBicK/iRTHd+SeUuo+vfkeJ+MqrCf+ZsPSK+gIhWJ+owxno+Lt7ct
https://paperpile.com/c/NKBicK/mLRXF+r5Cto
https://paperpile.com/c/NKBicK/wKZQD+6IPvV
https://paperpile.com/c/NKBicK/Vdobs+XTgYO+fPMgs+dPDGl+yyXh5+x91JI
https://paperpile.com/c/NKBicK/Kdar3
https://paperpile.com/c/NKBicK/srO0V+moJxa+sKrrQ+y50tI+NfgNh+kDBTY+GskU3+QlzJB+9tr27+PiKZI
https://paperpile.com/c/NKBicK/PjZ37+bZyoa+F5BI0+yzxMP+PAmbF+hRIzL+qigH5

BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Tob Control

Estimation of the effect of the tobacco control measures

The impact of tax increase on revenues was estimated as:

Vr=Ac*(APpV)

where Vr is calculated variation in revenues; Ac represents the expected percent variation in
consumption due to the price increase; AP represents the percent change in cigarette prices; and
pV, proportion of price, prior to price increase, represented by taxes.

As explained in the manuscript, the impact of implementing plain tobacco packaging, advertising

bans, or smoke-free air was estimated as follows:

Prevalence,.. = Prevalance,. — [(E.-E.)/(1-E.)* I, * Prevalence,.]

where Prevalence,. is the prevalence of smokers after the intervention, Prevalence,. is the
prevalence of smokers before the intervention, 7, is the proportion of variation in consumption that
affects smoker prevalence, E. is the expected effectiveness of fully implementing the intervention,
and E. is the effectiveness being achieved (if any) with the current measures (expressed as relative

reduction in tobacco consumption).

The expected effectiveness of fully implementing the intervention (E.) was estimated as follows:

Plain packaging Advertising Smoke-free air
bans
E. (expected effectiveness of fully implementing 12-0% (9-15- 9:0% (5-0%- 8:4% (4-2%-
the intervention) 21-2%) 23:5%) 12:6%)

[14-2% (7-2%-
20-9%)]*

*Considering the additional reduction in secondhand smoke exposure
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Health warnings: Evidence on the effectiveness of health warnings showed that smoking prevalence could
be reduced by 0-6% if non-graphic warnings covered less than one third of the pack, 3% if these covered
at least one third of the pack, and 6% if covered at least 50%. For the effect of plain packaging, data
indicate an additional 3-15% to 15-2%. For the base case, we assumed plain packaging would reach a
relative reduction equivalent to the decrease of moving from non-graphic warnings of one third of pack
to graphic warnings on at least 50% of the pack (6% reduction). The published range (3:15%-15-2%) was

explored in the sensitivity analysis.®!

Advertising bans: The methodology followed to determine the effectiveness of the intervention is
described in greater detail elsewhere.®? For the evaluation of the impact of this control measure, three
levels of implementation were considered. A minimum implementation level: no ban and a ban restricted
only to national television, radio or print media. The literature shows that this ban has limited or no effect,
so we treat it as the absence of a ban. This level is used as a reference category, with no effectiveness
(0%). The intermediate level covers national television, radio or print media, and certain direct and/or
indirect forms of advertising. The effect on the relative reduction in per capita consumption ranges from
0% to 13:6%; we chose 1% as the central estimator as it is the most consistent value suggested in the
literature and used in a study involving 102 countries.®*%* The maximum level of implementation was the
ban of all forms of advertising, direct and indirect, including product display at POS. In this category
associated with legislation, the level of compliance with the ban will clearly determine the effectiveness
and the potential impact of taking the measure to the maximum level. The range of reduction in per capita
tobacco consumption associated with this level is 5% to 23-5%.5> As a central estimator, the two best
options were: a reduction of cigarette consumption of 7-4% described for 22 resource-rich countries,®+66:67

and 9% reported in a study of 102 countries; we chose the second option. More details in Bardach et

al 66,67
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Smoke-free Air: The identification of the best estimate of the effectiveness of smoke-free air interventions
was carried out after a systematic review that is described in greater detail in Bardach et al 2020.% The
complete implementation of smoke-free air strategies is estimated to reduce tobacco consumption by
8:4% (range 4-2 to 12-6), a moderate implementation could reduce consumption by 2:8% (range 1-4 to

4-2), whereas a minimal implementation could diminish consumption by 1-4% (range 0-7 to 2-1).’

The following table presents the current situation in each country and the effectiveness achieved by

current measures adjusted according to the level of compliance (Supplementary Table 2).
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Supplementary Table 2. Current situation of policy intervention in each country

Table 2. Current situation of policy intervention in each country and the effectiveness achieved by current
measures (as relative reduction in consumption) adjusted according to the level of compliance in each country

(E().5°
Country Packaging Advertising Smoke-free
Current Situation Effectiveness Current Situation Effectiveness | Current Situation Effectiveness
achieved achieved achieved
Argentina | Large warnings with all 6:0% Ban on national television, 0-9% All public places completely 13-24%
appropriate radio and print media as smoke free
characteristics well as on some but not all
other forms of direct and/or
indirect advertising
Brazil Large warnings with all 6:0% Bans on all forms of direct 5-4% All public places completely 14-2%
appropriate and indirect advertising smoke free
characteristics
Chile Large warnings with all 6-:0% Ban on national television, 0-9% All public places completely 14-2%
appropriate radio and print media as smoke free
characteristics well as on some but not all
other forms of direct and/or
indirect advertising
Colombia | Medium size warnings 3:0% Bans on all forms of direct 7:2% All public places completely 12:3%
with all appropriate and indirect advertising smoke free
characteristics
Costa Rica | Large warnings with all 6-:0% Ban on national television, 0-6% All public places completely 13:2%
appropriate radio and print media as smoke free
characteristics well as on some but not all
other forms of direct and/or
indirect advertising
Ecuador Large warnings with all 6:0% Ban on national television, 0-6% All public places completely 12:3%
appropriate radio and print media as smoke free
characteristics well as on some but not all
other forms of direct and/or
indirect advertising
Mexico Large warnings with all 6-:0% Complete absence of ban, 0-:0% Complete absence of ban or 1:2%
appropriate or ban that does not cover up to two public places
characteristics national television, radio completely smoke-free
and print media
Peru Large warnings with all 6-:0% Complete absence of ban, 0-0% All public places completely 10-5%
appropriate or ban that does not cover smoke free
characteristics national television, radio
and print media
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Methodology used to estimate the cumulative effect over ten years

Three scenarios were considered to estimate impact of reduced consumption: 1) Short-term,
conservative: assuming 50% of reduced consumption is a consequence of reduced prevalence
(Ip=0-5),*"" leading to a larger number of former smokers. 2) Mid-term: adding to previous
scenario the potential health benefits associated with reduced number of cigarettes smoked by
continuing smokers, assuming this would result in a proportional reduction in 75% of excess risk
difference between a smoker and a former-smoker,”” 3) Long-term: Ip=0-75 and the reduced
prevalence resulting in an increased population of individuals who never smoked. We report the
accumulated results over ten years, assuming a linear progression from scenarios 1 to 2 over five
years and to scenario 3 in years six through ten. Details in in previous publications.?**’* Smoking
prevalence was assumed to remain constant in the non-intervention scenario. Interventions were
assumed to be implemented in year one and sustained for subsequent years.

Scenarios to estimate the reduction of the tobacco health burden associated with the reduction
in cigarette consumption
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Summary of parameters by scenario

Year 1 Year 5 Year 10
Ip (proportion of the variation on | 0.5 0.5 0.75
cigarette consumption expected
to  impact  on smoking
prevalence)
Health benefits associated with | No Yes Yes
the reduction in the number of
cigarettes smoked by continuing
smokers
The reduction in prevalence leads | Former smokers Former smokers Never smokers
to an increase in the number of

The effect of price increases on the prevalence of smoking was calculated as

Prevalence = PrevB + (Ed + AP + Ip * PrevB)

Where PrevB is the baseline prevalence of smoking before price increase: AP is the per cent price vanation; Ip is proportion of the variation on cigarette consumption expected to
impact on smoking prevalence: and Ed is the price elasticity of demand of cigarettes. Price elasticity gives the percentage change in quantity demanded for each percent increase in
price (e.g. a value of -0.6 means that for every 1% increase in price the demand will fall 0.6%)

Example for a price increase of 50% in a country with a price elasticity of -0.4

Today Year 1 Year 5 Year 10
Current smokers 30% 27% 27% 25.5%
Former smokers 25% 28% 28% 25%
Never smokers 45% 45% 45% 49.5%
Health benefits in | No No Yes Yes
continuing smokers

The accumulated results over ten years are reported in the manuscript, assuming a linear progression from scenarios one to two over five years and
a progression to scenario three in years six through to ten.
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Supplementary Table 1. Epidemiological and economic key model parameters for each country
Parameter Argentina Brazil Chile Costa Rica Colombia Ecuador Mexico Peru
Population 2020 (>=35y) 20,404,023 98,134,446 9,771,671 2,299,805 21,977,761 6,335,146 51,796,845 13,390,445
Men 47% 47% 48% 49% 47% 49% 47% 49%
Women 53% 53% 52% 51% 53% 51% 53% 51%
Smoking prevalence (%)
Men 16% 16% 26% 10% 11% 15% 21% 29%
‘Women 7% 9% 19% 4% 3% 3% 6% 18%
Overall crude mortality rate per 100,000
(Male/Female)
Acute myocardial infarction 110-8 135 63-9 72-7 176-9 118-0 185-3 45-5
(136-6/88-2) (163-8/109-3) (79-8/49-3) (92-8/53-3) (203-0/154-0) (137-9/99-4) (219-3/155-1) (52-5/38-8)
Ischemic heart disease (non-acute 28-1 322 20-6 59-5 6-0 5-0 15 5-4
myocardial infarction) (35-8/21-3) (37-7127-4) (25-9/15-8) (71-4/48-0) (7-3/4-8) (6-2/3-8) (17-6/12-7) (6-5/4-3)
Other cardiovascular disease 187-3 40-0 70-1 57-3 134-1 58-4 41-4 32-8
(206-6/170-4) (44-7/37-7) (65-7/72-2) (56-8/57-8) (148-3/121-6) (56-4/60-3) (40-7/42.0) (35-0/30-6)
Cerebrovascular disease 94-5 75-5 84-0 60-3 47-1 67-9 64-0 55-8
(100-9/88-9) (80-9/70-6) (86-0/82-1) (58-4/62-2) (46-7/47-3) (71-5/64-5) (67-1/61-3) (55-6/56-1)
Pneumonia / Influenza 148-5 96:-6 34-8 35-1 26-2 57-7 48 98-8
(144-2/152-3) (99-6/94-0) (35-2/34-5) (41-0/29-4) (29-1/23-6) (60-2/55-3) (55-4/41-5) (101-9/95-9)
Lung cancer 46 36-2 33-3 15-5 24.3 12-2 12-9 20-6
(65-3/29-0) (44-0/29-2) (40-3/26-9) (20-0/11-2) (31-2/18-2) (14-3/10-3) (16-4/9-8) (21-2/20-0)
Main direct medical costs 2020 (USD)
Acute myocardial infarction event 5,783-23 3,761-63 3,986-77 4,329-26 12,405-18 4,825-15 4,673-38 2,848-29
Non-acute myocardial infarction coronary 4,337-42 1,413-23 2,731 1,468-61 7,016-59 5,070-36 3,075-15 1,978-96
ischaemic event
Coronary heart disease (Annual follow- 1,067-86 307-08 1,459-39 894-3 1,045-74 1,416-87 1,195-74 1,253-01
up)
Stroke event 4,228-33 2,633-14 2,790-74 3,030-48 8,683-63 3,377-61 3,271-37 1,993-8
Stroke (Annual follow-up) 1,264-39 3,234-09 4,478-93 1,520-51 7,145-27 4,198-28 3,970-31 5411-43
Pneumonia or influenza 429-89 597-96 1538-56 359-42 1579-89 1041-36 628-74 859-07
Mild COPD (annual) 507-84 271-31 237-53 710-75 1871-39 458-61 1262-6 186-25

Pichon-Riviere A, et al. Tob Control 2023;0:1-11. doi: 10.1136/tc-2022-057618




Supplemental material

BMJ Publishing Group Limited (BM

disclaims all liabjlity and responsibili

arising from any reliance

placed on'this suppl emen‘{)al material which has been supplied by the author(s)

Tob Control

Moderate COPD (annual) 245-34 520-57 252-83 159-99 21311 263-68 288-63 156-02
Severe COPD (annual) 540-61 869-49 557-84 288-56 570-69 602-25 863-4 408-57
Lung cancer Ist year 1,655-17 3,624-63 6,199-24 2,011-26 7,864-04 5,364-82 8,902-47 4,667-85
Lung cancer 2nd year 19,301-22 9,226-24 21,961-88 9,231-59 21,961-04 22,449-33 13,294.23 15,065-43
Economic Parameters

Tobacco tax revenues in 2020 (million 1,353,595,236 1,209,869,879 1,178,712,763 330,069,207 44,733,310 96,871,745 2,031,600,000 476,47
USD)

Taxes as a proportion of cigarette price 76-22% 82:97% 82:36% 78-43% 55-11% 69-97% 67-00% 49-00%
GDP in 2020 (million USD) 421,237 1,273,119 240,312 270,842 59,698 100,668 1,051,525 207
GDP per capita in 2020 (USD) 8579 6797 13232 5335 12141 5600 8329 6127
Price elasticity of demand -0-30 (-0.4 - -0.2) -0-48 (-0.6- --0.4) -0-45 (-0.5 -0.4) -0-43 (-0.5--0.4) -0-78 (-0.9 - -0.6) -0-87 (-1.1--0.7) | -0-45(-0.5--0.4) |-42(-0.5-0.3)
Total health expenditure- proportion of 9-12% 9-46% 8-98% 7-23% 7-33% 8-26% 5-52% 4-99%

GDP
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Data sources:
e Demographic information was obtained through public statistics.*®

Information on number of deaths for each disease was obtained from public statistics.”"*?

e Information on smoking prevalence was extracted from country surveys: Argentina,'® Brazil,**
Chile,** Colombia,'® Costa Rica,*” Ecuador,'® Mexico,> and Peru.'®

e The GLOBOCAN database was used to obtain information on the incidence, prevalence, case
fatality rate and mortality rate of cancer diseases.?°

e The case fatality rates of noncancer diseases were estimated from local hospital discharge
databases for Argentina,!* Brazil,*? Chile,’*® Colombia,>*® Costa Rica,” Ecuador,® Mexico,®
and from the Global Burden of Disease data source for Peru.?’

e The direct medical costs associated with tobacco-related diseases were updated by cumulative
inflation rate??2324 or estimated following a microcosting approach in which the resources needed
for diagnosis, treatment, and follow-up were weighted by their usage rates.

e Average exchange rates of 2020 published by central banks of all countries were used to convert
costs in local currency to US dollars.?>-32

e Macroeconomic parameters were obtained from the data banks of multilateral organizations.333*

e To estimate cost components, labour income of individuals through a Mincer equation3*36 using
representative household surveys in each country,3? and the legal retirement age by sex in each
country.®

e Information on hours of informal care per day and health conditions was obtained through a

literature review.%>3

e The parameters needed to estimate the price elasticity of cigarettes for each country were

obtained from the literature.>*-°
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Estimation of the effect of the tobacco control measures

The impact of tax increase on revenues was estimated as:

Vr=Ac*(APpV)

where Vr is calculated variation in revenues; Ac represents the expected percent variation in
consumption due to the price increase; AP represents the percent change in cigarette prices; and
pV, proportion of price, prior to price increase, represented by taxes.

As explained in the manuscript, the impact of implementing plain tobacco packaging, advertising

bans, or smoke-free air was estimated as follows:

Prevalence,.. = Prevalance,. — [(E.-E.)/(1-E.)* I, * Prevalence,.]

where Prevalence,. is the prevalence of smokers after the intervention, Prevalence,. is the
prevalence of smokers before the intervention, 7, is the proportion of variation in consumption that
affects smoker prevalence, E. is the expected effectiveness of fully implementing the intervention,
and E. is the effectiveness being achieved (if any) with the current measures (expressed as relative

reduction in tobacco consumption).

The expected effectiveness of fully implementing the intervention (E.) was estimated as follows:

Plain packaging Advertising Smoke-free air
bans
E. (expected effectiveness of fully implementing 12-0% (9-15- 9:0% (5-0%- 8:4% (4-2%-
the intervention) 21-2%) 23:5%) 12:6%)

[14-2% (7-2%-
20-9%)]*

*Considering the additional reduction in secondhand smoke exposure
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Health warnings: Evidence on the effectiveness of health warnings showed that smoking prevalence could
be reduced by 0-6% if non-graphic warnings covered less than one third of the pack, 3% if these covered
at least one third of the pack, and 6% if covered at least 50%. For the effect of plain packaging, data
indicate an additional 3-15% to 15-2%. For the base case, we assumed plain packaging would reach a
relative reduction equivalent to the decrease of moving from non-graphic warnings of one third of pack
to graphic warnings on at least 50% of the pack (6% reduction). The published range (3:15%-15-2%) was

explored in the sensitivity analysis.®!

Advertising bans: The methodology followed to determine the effectiveness of the intervention is
described in greater detail elsewhere.®? For the evaluation of the impact of this control measure, three
levels of implementation were considered. A minimum implementation level: no ban and a ban restricted
only to national television, radio or print media. The literature shows that this ban has limited or no effect,
so we treat it as the absence of a ban. This level is used as a reference category, with no effectiveness
(0%). The intermediate level covers national television, radio or print media, and certain direct and/or
indirect forms of advertising. The effect on the relative reduction in per capita consumption ranges from
0% to 13:6%; we chose 1% as the central estimator as it is the most consistent value suggested in the
literature and used in a study involving 102 countries.®*%* The maximum level of implementation was the
ban of all forms of advertising, direct and indirect, including product display at POS. In this category
associated with legislation, the level of compliance with the ban will clearly determine the effectiveness
and the potential impact of taking the measure to the maximum level. The range of reduction in per capita
tobacco consumption associated with this level is 5% to 23-5%.5> As a central estimator, the two best
options were: a reduction of cigarette consumption of 7-4% described for 22 resource-rich countries,®+66:67

and 9% reported in a study of 102 countries; we chose the second option. More details in Bardach et

al 66,67
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Smoke-free Air: The identification of the best estimate of the effectiveness of smoke-free air interventions
was carried out after a systematic review that is described in greater detail in Bardach et al 2020.% The
complete implementation of smoke-free air strategies is estimated to reduce tobacco consumption by
8:4% (range 4-2 to 12-6), a moderate implementation could reduce consumption by 2:8% (range 1-4 to

4-2), whereas a minimal implementation could diminish consumption by 1-4% (range 0-7 to 2-1).’

The following table presents the current situation in each country and the effectiveness achieved by

current measures adjusted according to the level of compliance (Supplementary Table 2).

Pichon-Riviere A, et al. Tob Control 2023;0:1-11. doi: 10.1136/tc-2022-057618


https://paperpile.com/c/NKBicK/hCEya
https://paperpile.com/c/NKBicK/79gQ7

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance

placed on this supplemental material which has been supplied by the author(s)

Tob Control

Supplementary Table 2. Current situation of policy intervention in each country

Table 2. Current situation of policy intervention in each country and the effectiveness achieved by current
measures (as relative reduction in consumption) adjusted according to the level of compliance in each country

(E().5°
Country Packaging Advertising Smoke-free
Current Situation Effectiveness Current Situation Effectiveness | Current Situation Effectiveness
achieved achieved achieved
Argentina | Large warnings with all 6:0% Ban on national television, 0-9% All public places completely 13-24%
appropriate radio and print media as smoke free
characteristics well as on some but not all
other forms of direct and/or
indirect advertising
Brazil Large warnings with all 6:0% Bans on all forms of direct 5-4% All public places completely 14-2%
appropriate and indirect advertising smoke free
characteristics
Chile Large warnings with all 6-:0% Ban on national television, 0-9% All public places completely 14-2%
appropriate radio and print media as smoke free
characteristics well as on some but not all
other forms of direct and/or
indirect advertising
Colombia | Medium size warnings 3:0% Bans on all forms of direct 7:2% All public places completely 12:3%
with all appropriate and indirect advertising smoke free
characteristics
Costa Rica | Large warnings with all 6-:0% Ban on national television, 0-6% All public places completely 13:2%
appropriate radio and print media as smoke free
characteristics well as on some but not all
other forms of direct and/or
indirect advertising
Ecuador Large warnings with all 6:0% Ban on national television, 0-6% All public places completely 12:3%
appropriate radio and print media as smoke free
characteristics well as on some but not all
other forms of direct and/or
indirect advertising
Mexico Large warnings with all 6-:0% Complete absence of ban, 0-:0% Complete absence of ban or 1:2%
appropriate or ban that does not cover up to two public places
characteristics national television, radio completely smoke-free
and print media
Peru Large warnings with all 6-:0% Complete absence of ban, 0-0% All public places completely 10-5%
appropriate or ban that does not cover smoke free
characteristics national television, radio
and print media

Pichon-Riviere A, et al. Tob Control 2023;0:1-11. doi: 10.1136/tc-2022-057618


https://paperpile.com/c/NKBicK/hSj3

BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Tob Control

Methodology used to estimate the cumulative effect over ten years

Three scenarios were considered to estimate impact of reduced consumption: 1) Short-term,
conservative: assuming 50% of reduced consumption is a consequence of reduced prevalence
(Ip=0-5),*"" leading to a larger number of former smokers. 2) Mid-term: adding to previous
scenario the potential health benefits associated with reduced number of cigarettes smoked by
continuing smokers, assuming this would result in a proportional reduction in 75% of excess risk
difference between a smoker and a former-smoker,”” 3) Long-term: Ip=0-75 and the reduced
prevalence resulting in an increased population of individuals who never smoked. We report the
accumulated results over ten years, assuming a linear progression from scenarios 1 to 2 over five
years and to scenario 3 in years six through ten. Details in in previous publications.?**’* Smoking
prevalence was assumed to remain constant in the non-intervention scenario. Interventions were
assumed to be implemented in year one and sustained for subsequent years.

Scenarios to estimate the reduction of the tobacco health burden associated with the reduction
in cigarette consumption
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Summary of parameters by scenario

Year 1 Year 5 Year 10
Ip (proportion of the variation on | 0.5 0.5 0.75
cigarette consumption expected
to  impact  on smoking
prevalence)
Health benefits associated with | No Yes Yes
the reduction in the number of
cigarettes smoked by continuing
smokers
The reduction in prevalence leads | Former smokers Former smokers Never smokers
to an increase in the number of

The effect of price increases on the prevalence of smoking was calculated as

Prevalence = PrevB + (Ed + AP + Ip * PrevB)

Where PrevB is the baseline prevalence of smoking before price increase: AP is the per cent price vanation; Ip is proportion of the variation on cigarette consumption expected to
impact on smoking prevalence: and Ed is the price elasticity of demand of cigarettes. Price elasticity gives the percentage change in quantity demanded for each percent increase in
price (e.g. a value of -0.6 means that for every 1% increase in price the demand will fall 0.6%)

Example for a price increase of 50% in a country with a price elasticity of -0.4

Today Year 1 Year 5 Year 10
Current smokers 30% 27% 27% 25.5%
Former smokers 25% 28% 28% 25%
Never smokers 45% 45% 45% 49.5%
Health benefits in | No No Yes Yes
continuing smokers

The accumulated results over ten years are reported in the manuscript, assuming a linear progression from scenarios one to two over five years and
a progression to scenario three in years six through to ten.
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