Articles

The health and economic burden of smoking in 12 Latin
American countries and the potential effect of increasing
tobacco taxes: an economic modelling study
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Summary

Background Worldwide, smoking tobacco causes 7 million deaths annually, and this toll is expected to increase,
especially in low-income and middle-income countries. In Latin America, smoking is a leading risk factor for death
and disability, contributes to poverty, and imposes an economic burden on health systems. Despite being one of the
most effective measures to reduce smoking, tobacco taxation is underused and cigarettes are more affordable in
Latin America than in other regions. Our aim was to estimate the tobacco-attributable burden on mortality, disease
incidence, quality of life lost, and medical costs in 12 Latin American countries, and the expected health and economic
effects of increasing tobacco taxes.

Methods In this modelling study, we developed a Markov probabilistic microsimulation economic model of the
natural history, medical costs, and quality-of-life losses associated with the most common tobacco-related diseases in
12 countries in Latin America. Data inputs were obtained through a literature review, vital statistics, and hospital
databases from each country: Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Ecuador, Honduras, Mexico,
Paraguay, Peru, and Uruguay. The main outcomes of the model are life-years, quality-adjusted life-years, disease
events, hospitalisations, disease incidence, disease cost, and healthy years of life lost. We estimated direct medical
costs for each tobacco-related disease included in the model using a common costing methodology for each country.
The disease burden was estimated as the difference in disease events, deaths, and associated costs between the results
predicted by the model for current smoking prevalence and a hypothetical cohort of people in each country who had
never smoked. The model estimates the health and financial effects of a price increase of cigarettes through taxes, in
terms of disease and health-care costs averted, and increased tax revenues.

Findings In the 12 Latin American countries analysed, we estimated that smoking is responsible for approximately
345000 (12%) of the total 2860921 adult deaths, 2-21 million disease events, 8-77 million healthy years of life lost,
and $26-9 billion in direct medical costs annually. Health-care costs attributable to smoking were estimated to
represent 6-9% of the health budgets of these countries, equivalent to 0-6% of their gross domestic product. Tax
revenues from cigarette sales cover 36-0% of the estimated health expenditures caused by smoking. We estimated
that a 50% increase in cigarette price through taxation would avert more than 300000 deaths, 1-3 million disease
events, gain 9 million healthy life-years, and save $26-7 billion in health-care costs in the next 10 years, with a total
economic benefit of $43 -7 billion.

Interpretation Smoking represents a substantial health and economic burden in these 12 countries of Latin America.
Tobacco tax increases could successfully avert deaths and disability, reduce health-care spending, and increase tax
revenues, resulting in large net economic benefits.

Funding International Development Research Centre (IDRC), Canada.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction

Worldwide, smoking tobacco is expected to cause
7-5 million deaths in 2020 and is the second biggest risk
factor for death and disability."” Tobacco is responsible
for 65% of deaths due to lung cancer worldwide, 44% of
deaths due to chronic obstructive pulmonary disease,
and 22% of deaths due to ischaemic heart disease.

Moreover, smoking-related diseases cause a substantial
economic burden on individuals and health systems,
which can be up to US$500 billion globally per year,
including costs of productivity loss, illnesses, and
premature deaths, representing up to 1-5% of the gross
domestic product of individual countries and up to 15%
of all national health expenditures.*
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Research in context

Evidence before this study

We searched PubMed on Sept 15, 2019, using the search terms
(tobacco use disorder[MeSH] OR tobacco use[tiab] OR
smoking[MeSH] OR smoking[tiab] OR cigar*[tiab]) AND (cost
of illness{MeSH] OR models, economic[MeSH] OR costs and
cost analysis|MeSH] OR taxes[MeSH] OR taxation*[tiab]) AND
(Argentina[MeSH] OR Bolivia[MeSH] OR Brazil[MeSH] OR
Chile[MeSH] OR Colombia[MeSH] OR Costa Rica| MeSH] OR
Ecuador[MeSH] OR Honduras[MeSH] OR Mexico[ MeSH] OR
Paraguay[MeSH] OR Peru[MeSH] OR Uruguay[MeSH] OR Latin
America[MeSH]). We searched for primary research, modelling
studies, and reviews published between Jan 1, 2010, and

Aug 31, 2019, with no language restrictions. We found

20 studies on models and disease burden, 16 reviews,

15 articles about taxation, and three primary research reports.
Smoking is a leading risk factor for premature morbidity and
mortality. If trends are not reversed, the tobacco-attributable
burden on health and economies will continue to increase in
low-income and middle-income countries. High excise taxes on
tobacco could be essential to reduce tobacco use, but they are
underused in Latin America. There are few published studies
that have quantified both the burden of tobacco and the

The WHO Framework Convention on Tobacco Control
(ECTC) is included in the Sustainable Development
Goals, signed by more than 100 countries in
September 2015, at the UN General Assembly. Among
the measures proposed in the FCTC, an increase in the
inflation-adjusted price of tobacco is a realistic and
effective strategy to reduce smoking because, despite the
highly addictive nature of cigarettes, the demand for
tobacco is strongly influenced by its price.” However, only
a few countries have substantially increased specific
excise taxes on tobacco in an attempt to reduce smoking.’
Indeed, raising taxes on tobacco is the least often
implemented measure of those established by the FCTC.
It is estimated that increasing cigarette taxes by 10%
would increase tax revenues by an additional 7%;
however, in most low-income and middle-income
countries, cigarette taxes are underused.’ Many countries
have extremely low tobacco tax rates, and some countries
do not levy any tobacco taxes.®

In Latin America, smoking is among the five leading
risk factors for death and disability, and contributes to
poverty via decreased productivity and an impact on out-
of-pocket expenses.” Smoking accounts for $34 billion in
direct medical costs every year, which represents a
substantial proportion of Latin American health budgets.*
Most Latin American countries have signed the FCTC,
but many still do not have a strong tobacco-control policy.
Misinformation, prejudice, an absence of country-level
comprehensive data, and pressure from interest groups
have delayed the implementation and the enforcement of
key measures in Latin America.’ Many of these measures,

impact of higher tobacco taxes on health and financial
outcomes in Latin America.

Added value of this study

Our study shows that smoking tobacco causes a substantial
proportion of the burden of disease and health-care costs in

12 Latin American countries each year. Current tobacco taxes
cover just 36-0% of the direct medical costs caused by smoking
in these countries. We estimate that a 50% increase in tobacco
prices would save around 300 000 deaths and 9 million healthy
life-years in the next 10 years; and would produce economic
benefits of more than US$40 billion because of averted
treatment costs and increased tax revenues.

Implications of all the available evidence

Higher tobacco taxes could be one of the most powerful tools
to decrease the use of tobacco. In Latin America, tobacco
taxation is underused, and cigarettes are more affordable than
in other regions. Evidence supports that higher tobacco taxes
can reduce tobacco use, avert tobacco-related mortality and
morbidity, and lead to reduced health-care expenditures and
poverty.

such as tax increases, are also politically challenging. To
foster the implementation of effective tobacco-control
policies in the region, it is necessary to obtain relevant,
country-level information on the health and economic
consequences of smoking tobacco and how these relate
to individuals, families, communities, and countries.
Moreover, this information is needed to raise awareness
and advocate for the adoption of measures and
mobilisation of resources to control tobacco. The absence
of reliable information in several countries in the region
on the true burden of smoking, and on the potential effect
of the interventions, delays the application of stronger
measures. The aims of this study are to estimate the
tobacco-related burden on disease, mortality, and direct
medical costs in 12 countries in Latin America, and to
estimate the health and financial effect of different levels
of tobacco taxation.

Methods
Study design and model development
This economic modelling study estimated the tobacco-
related burden on disease and the potential effect and
cost-effectiveness of tobacco control interventions in
12 Latin American countries: Argentina, Bolivia, Brazil,
Chile, Colombia, Costa Rica, Ecuador, Honduras, Mexico,
Paraguay, Peru, and Uruguay. The study was part of a
collaborative project that included researchers, decision
makers, and academic institutions from these
12 countries.

To inform the model development, we did a compre-
hensive analysis of the availability and quality of
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epidemiological and health-care cost data in the region,
and of policy makers’ information needs for the imple-
mentation of tobacco-control interventions. The model is
a state transition or Markov probabilistic microsimulation
of individuals (first-order Monte Carlo technique)
including natural history, direct medical costs, and quality-
of-life losses associated with the most common tobacco-
related diseases (coronary and non-coronary heart disease,
cerebrovascular disease, chronic obstructive pulmonary
disease, pneumonia, influenza, lung cancer, and nine
other neoplasms).

During the past 9 years, the model was validated and
used in various Latin American countries to estimate the
burden of disease attributable to smoking and the
potential effect of different interventions. More detail can
be found in previous publications*** and in the reports
and technical documents for the 12 countries included in
this analysis.

Baseline incidence risks in people who had never
smoked tobacco were estimated for each health condition
and each country from mortality statistics. For acute
events, age and sex specific incidence (absolute risk) was
calculated on the basis of specific mortality and the
lethality of the event as

R Rdeath

pop.event = L

where R, is the specific mortality per age and sex and
L is lethality. Once the absolute risk was obtained, the
baseline risk for people who had never smoked tobacco
was calculated from the specific prevalence of tobacco
use per age and sex, as well as the relative risk (RR) for
each condition for people who currently smoke or
formerly smoked:

R = Rpop.event
o (RRsmk xf;mk) + (RRfrsmk ><f;rsmk) + Jnonsmk

e 18 the annual incidence of the
acute disease event for people who have never smoked,
Ryt 18 the specific population risk per age and sex (from
the previous formula), RR_, and RR,,, are the relative
risks of the event in people who smoke and people who
used to smoke versus people who have never smoked, and
Sono oo and f, . are the specific proportions of people
who smoke, people who used to smoke, and people who
have never smoked per age and sex (the RRs by condition
are in appendix 3, p 3).

For lung cancer, the annual incidence for each age and
sex strata was calculated from annual mortality rates
from national statistics and the annual estimated survival
after diagnosis:

In this calculation, R

10

1
ZRM(HM X P(i+n) X

R..—
dxi 1— Slo

n=0
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where R, is the estimated incidence at age i, RM,,,, is the
general population risk of death at age i+n, P, is the
conditional probability of dying in year n after being
diagnosed, and S,, is the proportion of individuals
surviving after 10 years. For other cancers, specific
incidence rates for each age and sex strata were estimated
from Global Cancer Observatory data for each country.”
Individuals were followed up in hypothetical cohorts,
from age 35 years to death, and the model estimated in
annual cycles the individual risks of disease incidence,
disease progression, and death, on the basis of the
individual's demographic attributes, smoking status,
previous clinical conditions, and underlying risk equa-
tions. Using the simulation of each individual’s lifetime,
health outcomes were calculated to obtain aggregated
results. The main outcomes of the model are life-years,
quality-adjusted life-years, disease events, hospitalisations,
disease incidence, disease cost, and healthy years of life
lost (which aggregate health losses both due to years lost
by premature mortality as well as quality-of-life losses).

Information sources

Data to populate the model were obtained through a
comprehensive review of the literature. The following
electronic databases were used: MEDLINE, Embase,
Cochrane Central Register of Controlled Trials, SocINDEX,
EconlLit, Latin American and Caribbean Health Sciences
Literature, National Bureau of Economic Research, Centre
for Reviews and Dissemination and Cost Effectiveness
Analysis Registry, the International Tobacco Health
Conference Paper Index, and Cochrane Tobacco Addiction
Review Group register. Grey literature was reviewed from
ministries of health, ministries of finance, Pan American
Health Organization, and databases containing regional
congress proceedings. Updated information on tobacco
use prevalence was obtained from local tobacco Global
Adult Tobacco Surveys, where available, or national risk
factor surveys. Researchers from the participating
countries provided additional information on civil regis-
trations, vital statistics, and hospital discharge databases
to estimate specific case fatality rates.

Costdata

The direct medical costs (including of diagnosis,
treatment, and follow-up), from the perspective of the
public health-care systems, were estimated for each of
the tobacco-related diseases included in the model. A
common costing methodology was developed for the
12 countries, including a microcosting or macrocosting
approach, depending on the availability and quality of
information in each country. A Microsoft Excel spread-
sheet was designed for each event, identifying health
resources and measuring quantities, utilisation rates, and
unit costs for each resource used in each event. These ad-
hoc microcosting exercises were constructed on the basis
of communications with experts, clinical guidelines,
and a review of health-care facility records. Costs of

For reports from Instituto de
Efectividad Clinicay Sanitaria
see www.iecs.org.ar/tabaco

See Online for appendix 3
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malignancies other than lung cancer were estimated on
the basis of lung cancer costs and an expert consensus
obtained through a modified Delphi panel method. When
sufficient local information was unavailable, indirect
estimates were used to approximate costs of events (eg,
for each country with information on the cost of a
particular health event, the ratio between the cost of the
health event and the country’s gross domestic product per
capita was calculated; then, for each country with missing
cost data, the average of these ratios was applied to their
gross domestic product per capita to derive the cost of
the health event). All direct medical costs were estimated
in local currency units; then consumer price indices
(published by the statistics institutes of each country)
were used for adjustments. Finally, costs were converted
to US dollars using the exchange rates of December, 2015,
published by the central banks of each country.

Model calibration and validation process

We applied the International Society for Pharmaco-
economics and Outcomes Research criteria for model
development and reporting. To calibrate the model,
disease specific mortality by sex and age were compared
with local statistics; predicted mortality within 10% of
the references were considered acceptable. In case of
greater deviation, risk equations were modified. External
validation was accomplished by checking the model
results against those results of other epidemiological
and clinical studies not used for equation estimation and
development.

Estimation of the smoking-related disease burden

The disease burden was estimated as the difference in
disease events, deaths, and associated costs between the
results predicted by the model for each country for
current smoking prevalence and a hypothetical cohort
of people who had never smoked for each country.
Given that the model does not directly calculate the
consequences of passive smoking and perinatal effects,
on the basis of the results of previous studies, it was
estimated that these two causes impose an additional
burden of 13-6% for men and 12% for women.” Disease
burden results are reported for one calendar year (2015).

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

Prevalence = PrevB + (E; x APx I, x PrevB)

where PrevB is the baseline prevalence of smoking
before price increase; AP is the price variation as a
proportion of the baseline price; I, is proportion of the
variation on cigarette consumption expected to affect
smoking prevalence; and E, is the price elasticity of
demand for cigarettes. Price elasticity gives the
percentage change in quantity demanded for each

percentage increase in price (eg, a value of —0-6 means
that for every 1% increase in price the demand will
decrease by 0-6%).

Three scenarios were considered to estimate the
reduction of the health burden associated with the
reduction in cigarette consumption. (1) A short-term and
conservative scenario: different studies have estimated
that in the short-term and medium-term, approximately
half of the reduction in consumption is a consequence of
reduced prevalence of smoking and the other half is
explained by reduced consumption by people who
continue to smoke.®” In this scenario, we assume that
50% of the reduced consumption is a consequence of the
reduction in prevalence (I,=0-5), leading to an increase in
the number of people who formerly smoked. (2) A
medium-term scenario: similar to the short-term scenario
but including potential health benefits associated with the
reduction in the number of cigarettes smoked by people
who continue to smoke. Considering that low-intensity
smokers have an average of 75% less excess disease risk
than high-intensity smokers when compared with people
who have never smoked (82% less for lung cancer, 57%
less for ischaemic heart disease, and 80% less for COPD),”
we assumed that a reduction in the number of cigarettes
smoked would result in a proportional reduction in the
75% of the excess risk difference between a person who
smokes and a person who formerly smoked. (3) A long-
term scenario: this is the maximum effect scenario
analysed. It is similar to the medium-term scenario, but
here I,=0-75 and the entire reduction in prevalence results
in an increased population of people who have never
smoked, instead of one of people who formerly smoked
(further details in appendix 3, p 4).

To do a unified analysis of the three scenarios, we
developed a base-case with the results accumulated over
10 years. We assumed a linear progression from scenario
one to scenario two over 5 years and a progression to
scenario three in years 6-10. The effect of a tax increase
on revenues was estimated as

AP

Vr:ACXp_V

where V, is the calculated variation in revenues; Ac
represents the expected variation in consumption due to
the price increase as a proportion of the baseline
consumption; AP represents the change in cigarette
prices as a proportion of the baseline price; and pV
represents the proportion of the price, before the price

increase, represented by taxes.

Role of the funding source

The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had
full access to all the data in the study and had final
responsibility for the decision to submit for publication.

www.thelancet.com/lancetgh Vol 8 October 2020



Articles I

(abed 1xau uo sanunuod T 3|qe] )

£9/5¥$

9T/6E$

(743

9vETS

T/S$

80CT$

44:333

€056%

wors

8Sbe1$

YS0€T$

%L [T
%L:[T

SSSTEVE

€SE6TS

/96¥1$

LE9VS

90%$

SST$

S8T$

€98$

9/£S$

Shets

996T$

0€8¢$

%/TT
%9°LT

0/99/ETE

1666

1666

788¢$

196%

¥8€$

S98%

1247443

1261$

1434

90€T$

7887$

%E9T
%l-€C

€T16€99

S6T6TS

Srgvis

1766$

96$

[443

OTVT$

[{VA3

1294743

SEETS

8Tves

61¢S$

%L
%8V

ez tola

Wi/$

/619%

9ces

00¢$

08$

681$

£55%

6STCS$

1€9$

09VT$

0807$

%0-C
%961

09059208

188ST$

188TC$

67zS$

£85$

VAT4)

v

STOT$

(43074

T8ET$

[449%3

€0/v$

%E6
%E-8T

€9EVYTIOT

0£652$

€85¢t$

£808%

£8S$

612$

YZ61$

ST9T$

8veLs

S/0T$

STess

9S/TT$

%8
%0-0¢

058/08¥

WITI$

[ Y4445

£607$

(133

0€T$

S8¢E$

SS/$

[A743

avs

SI8TS

8€GV$

%YL
%561

Y0/ 8tz 8y

9¥zots

[d3%343

€099%

¥65$

69¢$

€5¢$

6€91$

T/LLY$

Y5918

6062$

ovev$

%L TE
%Yy

V186 /T

0069%

91ETCTS

8E8Y$

TOT1$

569%

79¢$

86/$

JA%34Y

oTv$

9881$

120S$

%T-ET
%9°TC

8¢5 /¥8 /0T

wSTTS

£268$

866¢$

(4353

€9%

8/t$

0T8T$

0/25$

6€0¢$

€98€$

[€4533

1eak puz

19dUed

/91 /7% pun
189K1ST

19dUed

TTOTCS pun
(jenuue)

adod

60€5$ 219135
(fenuue)

adod

79¢$ 9)es9poy
(jenuue)

adod

[49%3 PI'W
ezuanpul

10 elUOW

414 -ndaud
aons

dn-mojjoy

18/1$ [enuuy
/815% Nons
9seasIp

Heay

Kreuoi0d

dn-mojjoy

0SST$ [enuuy
(uomd

-feyul jelp

-1e20AwW

91nde J0u)

UIAD

8€6T$ JILwReLs|
uoip

-lejul [e1p

-1eD0AW

/16€$ Ny

+$ 'GTOT U1 51502 [BIIPALU 124IP UTe|y

%0-LT
%0-0C

S0L¥zLoT

%6-0C UaWOMN
%9-6C Uy
uderald bujows

SToz Ul
S8/ 91¥ €y uoneindogd

Kenbnin

nidd

Kenbeieg

odIXal

seinpuoH

lopend3

©d1Y €150)

eIquo|0)

2y

|1zeig

einog

eunuabiy

€1286

www.thelancet.com/lancetgh Vol 8 October 2020



I Articles

pasAjeue s3L1I3UNOD UBdLIBWY UIET ZT Y1 JO |ded 10 s1a1aweled [9pow £33 jo Arewwns :T ajqo]

1« (0T0Z) @ 14D pue Yy sajeleque) :Kenbnin , (9T0T) V S3jeleque)-sowey pue |\ epezoy-za|ezuoy :nidd 4 (3007) |2 12 ‘Y[ ZINY-zauawi( :031X3W ' (9T0Z) ¥ ZoAeY) :10pend3 ¢ (9T07) [e 12 ‘39 uopuing :Kenbesey

Pue ‘seInpuoH ‘ed1y B10) . (9TOT) [2 32 ‘N OPBUOP[RI :BIGUO[0] 5, (9002) 0 ZoYUBS 1301GQ 2|14, (£00T) [ 3 Y Seis?b :|izeig . (900T) OA ZRIBd|Y :BIN|Og . (¥T0T) [e 3 4 Bydnofey) eunuably 5321005, ueg PUOM 3Y L 22105} “saiuabe
S9NUDARI Xe] pue ALIOU0I? JO SalasIulW :s921n0S ) T d ‘€ xipuadde ayj U1 umoys st 19dued JaY10 J0 150D, "NAN EE-£Z Kenbnin ‘N3d 8T-€ N1ad ‘DAd 16702 Kenbeied ‘NXIN G8-GT 021X “TINH G6-TC SBINPUOH ‘$SN 00-T 10pend3 DY) 9S-FES Bd1Y ©150)
100 88 TH/T BIqUIO[0) {41 TT-¥59 314D $3 EE-€ |1zeig 1108 T6-9 BIAIOg Sy E7-6 eunuab1y :(STOZ Jueg plIop) $SN 42d o3e1 abueydx3 pnpoid disawop ssoi1b=4o “asessip Areuownd 913901350 J1UOIY=AJ0D 'SIBJ[OP SN STOT Ul 34 SIS0 ||y

+dds

jouon

-lodosd

21Nyl

-puadxd

esy

%106 %9T°S %L %CTS %LLL %658 %8L:L %C09 %0E-8 %9¥-TT %9 %8 |eloL
Spuewap

jo

fdnsep

S50- 0/:0- ero- S0~ er-o- /8:0- &0~ 8/0- Sto- 8¥-0- 58:0- 0€-0- lld
+$ 'ST0C

uy eyded

STSSTS$ €509% VA4 T 8676$ 192343 0S19$% €6ETTS 5809% LELETS 0S/8$ £/0€$ 869 ET$ 1ad 4ao
1§ oy

‘ST0C

/T eSS 96 631$ ¥919€$ 7950/11$ 6/60t$ 06766% SLLYS$ 187 €67$ 666 Vs 12208 1$ 000¢€$ 6V/¥65$ urdas
oud

snalebp

jouon

-1odoad

%959 %S-6€ %/-29 %859 %T-8E %ET9 %QTL %567 %918 %EY9 %Yo %/-69 B SesoXe|
1$ uoljiw

‘SToz Ul

Sanuanal

xey

T1¢s €L$ 9% yAS44Y 67$ S6T$ €9% V/1$ 00ST$ TE0ES S1$ [49743 0d33eqo|

si939wWeled diwouod]

(abed snoinaid wouy panuiuod)

Kenbnin g Kenbeiey [SIVEIN] seinpuoy iopend3 ed1y e1s0) eIqwojo) ElT) |izeag einljog eunuably

www.thelancet.com/lancetgh Vol 8 October 2020

e1287



Articles I

(abed 1xau uo sanuiuod 7 3|qe| )

(%22) (%58) (%L2) (%¥8) (%89)
6-8707T$ €081$ €50€$ SYITS [Y9€Ts  (%79) 8TTs (%¥/l) 80/t (%¥9)T:€9% (%9/) 9TESS  (%T8) 719  (%T1/)9-8V/9%  (%EL) E8Y$ (%¥/) T:£9/$  § Suoljiu 150D
/0:0798$ /E9ET$ 16:¥€T$ /S¥8% /£:[191$ /S-€T$ /0:90Z$ Jzovs /T-50¥$ /9:S6¥$ /8:1087$ /€-5€$ /0-6959% [edIpawi 1a11q
(%L9) (%89) (%12) (%02) (%29) (%89) (%89)
1S/STET 6201 87/69 /88VT W/8€c  (%€9) 1296 (%S4 T0SLY  (%/S)0S16 c€egver (%94 9964  (%89) v¥6/SS  (%19) €939T 818 TYL
/168 €68 /8556 /9156 /S8€0T 6V [T /TVTS /825 S€E Jranas /0TTSg /0¥ 09 1¥658LE /6vE0T /69596 9UIPIUI JUIAY
(%¥2)
WTEOT (%9 VSET  (%84) S90S (%L V/TT (%0/) Y91 8T (%€9) 1L (WL €tee  (%¥9)Tl9  (%/L) Stvot (%28) 0929 (%¥L) ¥eoty  (%el) €62 (%SL) L9€TtT
/0EL9L /o€ot /€€6€ /L06 /S€9 T /19% /L9vT k434 /8208 /92585 /0CTTE 2€6 /6526 syreaq
+adod
(%/1)
€065$  (%07)£:9% (%6T)L€zs  (%9T) S0 (%ST) 9-TOT$ (%e1) €1 (%07) LT1$  (%07) €0T$  (%8T) ¥-02$ (%92) 6:5$ (%/1) 2952 (%/T) 791§ (%07) 7°GE$  § suol|jiw ‘30>
16:£6$ 17 1$ /SY$ /1:0% /L-6T$ /1-0$ k43 /ST$ /9:€$ /ST$ 18:€7$ /L-T$ /0-L$ [e21paw 1311q
(%1) (%6T) (%ST) (%02)
8TE00ET  (%07) €485 88T8¢T  (%9T1) 79 S00EVT  (%CT) 0S89 (%07) 62v8e  (%¥T)6EES (%8T)¥S6cS  (%92) Sk e (%£1) 87550/ (%/£T) 03€8S 698 V€T
/60€ LtT /090T /€0EVT Jeot /290TT /o¥8 /€84S 1¥SL o776 7(19 JeSTTCT 17686 166992 2UdPIUI JUIAF
(%ST) (%81)
750091 (%ST) 960T /81 (%91) ¢S (%ET) ¥OE9T (%€1)S4S  (%ST)S99€  (%E€T)88S  (%8T) TEL9 (%12) 9611 (%€T)  (%/1) €585 (%9T) Teo e
Ji3:14 24 /79T /8€Lt /8 /780t /SL 1€V /5L /201t /848 Th¥ 58006 0T /2001 IPTLE syieaq
Jeluownaug
(%9T1) (%ET) (%8T1) (%6T) (%11) (%91) (%9T1)
6:66/01$ 9v61$ TTESS TOTT$ €SIETS (%P1 0-€T$ (%P1) 8¥STs  (%1T) T°€8$ €67er$ (%P0 €620T$  (%/T1) 6:€06€$  (%17) L08E$ £€S/1$  $suoljiw 350D
10-64L1$ /29t$ /T:56$% /8:0T$ /L-6€T$ /L-T$ /0¥ES 17:6% /S-86T$ 18-¥¥s /0-€99% /€-8L$ 1v-LLT$ [ed1pawi 1alIg
(%ST) (%01) (%bT) (%ST)
G/T086  (%CT)OV6S (%/T)T/SLY  (%/T) €€V8 6S7€ST  (%eT) S/TT  (%ET)T/9€T  (%0T) 8805 LIV09T  (%T2) Tev /9 (%ST) €2598€  (%8T) 6€80T 8/866
/98LY¥T /811 /TL8L yivt /€LTST /€92 /¥90€ /00§ JE€TET JELY T /60565 /8TLE JovLYT 9dUIPIdUI JUIAT
(%€T)
869/8T  (%IT)6SST  (%/T)SE/9  (%ST)0LLT  (%6) TELGE (%D 199 (%ET) LSEE  (%6) EET  (%ET)L00/T  (%8T) 6266 (%€1) £5808  (%8T1) 9687 (%ET) 0961C
/veove /€T /PTTT /oLt JovLE /59 o144 /STt /S6TT JidYas [cgot [ees /984t syieaq
1ayons
(%) (%12) (%92) (%€2) (%T2) (%L1) (%z2) (%€2)
TT96£E$ €eLans ¥-087$ 8:57S$ 8608  (%07) S-/1T$  (%92) T-€67$ 0-785$ 9:897¢$  (%VE) T-€82T$ (%) 6:89LET$  (%ET) E0TES 8:8I8F$  $ suol||i ‘150>
/€:219L$ 19-€Lt$ /L-STT$ 7€t /€:9991$ /9-€2$ 10-LL$ /T-L6$ /6:9%5$ /L-8EV$ /5-280€$ JT-TLS /¥-960T1$ [ed1pawi 1311
(%€2) (%22) (%) (%52) (%02) (%81) (%€2) (%t0)
9/567F € 1899¢ 505 S€ 8799¢€ TvELTS  (%07) 600ST  (%C2) 96T 9T 9€6 5€ 7/968€  (%SE) €199  (%ET) 0¥800T  (%6T)L68TT 85T T9T
/6/156/ /1459 Y4 %] /SL06 /69€90T /E€0€E /L68Y /S6%9 /S0S 16 /L6ETT /999 0/% /08SC /291 €9 9dUdpIdUI JUSA
(%91) (%E€1)
SSLY6Y  (%bT) 8895 (%/T)¥eLTIT  (%6T) €LSE GSSEOT  (%YT) €T (%PT)TEE6  (%IT)S8LE (%9T) 67505  (%07)ZZZST  (%91) 0852z (%ST)0SLy  (%ET) EVS /8
/96892 /892 /620t /269 [20EET /85t oEET laxa% /0918 /7ot /666 7€ /969 LTttt syreaq
._.mwmmw__u Je|nosenoip.ie)
(%02) (%€2) (%14) (%£9) (%02) (%89) (%89) (%59) (%€4) 150|341 Jo
wovvLLg STOY0T 6¥/08¢€ €/788 88V /ECT  (%/9) VE06E 98910t 8ltvy £8568L (%£9)88656Y  (%t/)6gccoty (%) 9ELETT 6/67/0T  steakAyyjesy [eoL
$ suol||iw 1502
€976 97$ 1:008$ 0:96/% €T0E$ YLYa% €95$ 0:9/¥$ STVes S-80/1$ €106T$ T0EQTI$ YA 743 €/T8E$  [edIpaw 1auIp [B30L
1sjuana
oz/otze 5910¢ 6/856 09€2T 08 80€ 6166 08¢1S 8T/ET T1812C 9CSTIT TV E0TT 198/t £00¥Te 9Se9sIp [B10L
(%e1) (%ST) (%c1) (%e1) (%9T) (%¥1)
126098¢ V4443 0€60€T 0TV /T (%8)€TTET9  (%8) LSV6T (%ET) 66645  (%6) 90/ 8T 8E/86T  (%8T)SVS/LOT  (%ET)8900¥CT  (%8) /2SS 96T 65€
JELESYE /T18Y /STLST JVSEE /68161 /9TST /86/L JVAZAN /880¢€ JTEL6T /LTT9ST iZa4%4 /€TL8Y «SYyeap [e3o]
|eiol Kenbnin nId Kenbeirey 03N selnpuoH Jopend3 eIy 83150) eIqwojo) ElIp) |1zeag elAljog eunuabiy

€1288

www.thelancet.com/lancetgh Vol 8 October 2020



I Articles

ST0T 10§ A11Un0d pue 3asned £q ‘03e(0] 01 |qEINGLIIIE SISO [EDIPALU 1DIP PUE ‘DDUBPIdUI IseasIp ‘A11[e1I0W JO UIpINg [enuUY :Z 3|gDL

‘sasayjuased ayy uiym pagedipul si Alijeniow ainjewsaid 03 9jqeingLe si 1eyy uonodoid ay ‘0doeqo) 01 3|qeINgLIIe

150| 3J1 o Aujenb pue Ajeniow ainyewsid 01 9nP 150 31| JO SIEIAE “(UONIPUOD 1ey] A Pasned sy1eap [e101 Y1 JO %ET Juasaldal YdIYM ‘Buiyowus 01 3|qeIngLille Iseasip Je|NdSEAOIPIED WOLJ SY1esp /7T TT a4t 2JaY1 1eY1 SUBSW (%ET) /T TT :95easIp
Iejndsenoipied Aq pasned syyeap ‘63) buijoLus 01 3|qeINngLile e eyl UOIHIPUOD LIBa Ul SIS0 10 ‘SJUAS ‘sy1eap [e30] 4o uoriodoid e se 03eqo] 01 3|qeINgLIIE SIS0 IO ‘SIUIAD ‘sy1eap ale sasayjuaied ul suoriodold, 4ap|o pue sieak G€ uonejndod
31 Ul syesp [e101 Jo uoiodoud e se 03eqO] 01 3|qEINGLIIIE SYIEIP BJe sasayiuased ul suonodold, dsedsip Areuow|nd 9A1I1INIISGO IUOIYI=AJ0) 'SIe[|OP SN GTOT Ul 318 SIS0D ||y PaIeIS 3SIMIBL10 319ym 1dadX® (%) 1503 [€101/1502 10 (%) N/U e ereq

(%00T) (%001) (%001) (%00T1) (%00T1) (%001) (%00T) (%001) (%001) (%001) (%001) (%001) (%00T)  §$ suol|i ‘350>
7-00TE$ Te6$ 9T6% 9vES S-8hs$ 59 095% 8/T$ 9:961$ 8:81¢$ 0'T9ET$ V2143 T6EV$ [e21paw 3a11q
(%00T) (%00T) (%00T) (%00T1) (%00T1) (%00T) (%00T) (%001) (%001) (%00T) (%001)
¥€/6€ €95 808T 98¢ 69595 9/t (%001) £6§  (%00T) T0T 769€ 0/te w6t SIS 5095 syreaq
159sNned Jay30 pue bujows puey-puodas
(%0€) (%9€) (%¥2) (%22) (%12) (%2g)
6:£0L0T$ (A% 9T09%  (%IE) €€L$ 0/€8T$  (%91) 9-Tv$  (%ST) STLT$ 088T$  (%/7) 8€8L8 (L) 39¥8s  (%SE)T:86VES  (%TT) §-STTS 0-ZEBTS  § suol|ji 150D
16-¥TESs /LY1T$ 21453 /9:02$ 19-¢LY$ /9% /0%9% [Tovs /9-T12$ /0-€82$ /£-10TT$ /LYT$ /7-899% [ea1paw 1311q
(%0€) (%c2)
65£20E  (%9€) 9/9¢ TC6VT  (%0€) S89C (%72) 82905  (%91) Y09  (%b2) 9€/L  (%17) 06T  (%87) €cLlT  (%SE) §TEVT (%SE) ereber (%12 1E9Y  (%TE) €66 9€
/8¥026 /yieT /58¢€€ /992 /19 11 a4 /€8T 198V 106/ /986% /059 9% /€001 /196 TT dUdpHU|
(%62)
889081  (%9€) ¢/ST  (%P2) €526 (%67)699T (%17)9078C  (%9T) €€QT  (%E€Q) 9SPS  (%T1T) 0TvT  (%L7) 69L9T (%¥€) tvg6 (%€E) SOV 6L (%07) ¥/ST  (%1€) 6891C
/78T ES /o6 /voze li4:14 /1€6S /L8t /192t /962 /115Y /88€€ /15992 /915 /5189 syieaq
Jsiadued 1BYiQ
(%08) (%€2) (%18) (%18)
S¥80€$ €//1$ 01ets  (%b/) g0zs (%€ vvivs  (%29)89%  (%94) 158 (%0/) T9gs (%18) S08T$  (%98) 0:95C$ (%6£) TT/85  (%8/)STT$ T/E6%  $suol||iw ‘3s0d
1eTLYTS /£:9ST$ 1¥:L6$ AR /0-€0€$ Jia%) /0-8€$ 1€-5T$ [TovT$ /6:81¢$ /€:989% /6:8$ /0-0/L$ [ea1paw 12211Q
(%64)
SY8TL  (%SQ)TIST  (%08)¥eSt  (%€)z/L (%€ €EL8  (%29)99€  (%h/) 9611  (%0/)¥8E  (%08) 6985 (%98) STSE (%8/) ETEVE (%£2) Sov  (%z8) 9STET
/205 .S /s8¢t /1€0T 1¥¥9 /S2€9 /8Tt /L83 /69t /€Ly /920€ /05892 €TE /9/80T U]
(%64)
90€99  (%S8)68ET  (%08)0S€C  (%€8)8zL  (%€/) /008  (%29)6CE  (%h/)6SIT (%I €9z  (%08)€8YS  (%98) CIE (%82) 6150€ (%L4) L€ (%Tg) 88V T
1A% /€8TT /6881 /209 /8€8S /S0t /658 /88T /10ty i/ Akd /T9L €t 26t /9116 syreaq

Lidued bun

(abed snoinaid wouy panuiuo)d)

|erop Kenbnin nidd Kenbeieq 0IXaYY seinpuoy lopend3 ©d1Y ©150) elqwojo) El['p) lizeag einljog eunuabiy

www.thelancet.com/lancetgh Vol 8 October 2020

e1289



Articles

Results

Epidemiological and economic data were obtained
for each country for Jan 1 to Dec 31, 2015. The main
parameters included in the model are shown in table 1
and in appendix 3 (p 1). After the model was calibrated,
the mean rate of each disease-specific mortality predicted
by the model was within 10% of the corresponding
mortality reported by national statistics in each country
(correlation between the observed and expected results
yielded R2 values ranging from 0-700 to 0-999). External
validation also showed a good correlation between the
results predicted by the model and those observed in
epidemiological studies. The results of the calibration
and validation process in Argentina are shown in
appendix 3 (p 5).

In total, in the 12 countries included in this study,
smoking is estimated to cause 345373 (12%) of the total
2860921 adult deaths, 2-21 million disease events,
8774402 healthy years of life lost because of premature
mortality and disability, and US$26-9 billion in direct
medical costs every year (table 2). We estimated that
cancer, COPD, and cardiovascular disease attributable to
smoking caused the largest burden in terms of both lost
health and medical costs. Tobacco use was responsible
for an estimated 51414 (79%) of 65306 deaths and
$2471-3 million (80%) of $3084-5 million in medical
costs due to lung cancer, 76730 (74%) of 103142 deaths
and $8640-0 million (72%) of $12028-9 million
in medical costs due to COPD, and 76896 (16%) of
494755 deaths and $7612-3 million (22%) of
$33961-2 million in medical costs due to cardiovascular
disease (table 2).

In Chile, the country with the highest smoking
prevalence, 19731 (18%) of 107545 deaths among adults
were estimated to be related to smoking (the largest
proportion of all of the 12 countries); the direct medical
cost of smoking was estimated to be about US$1-9 billion.
Brazil, the country with the largest population in the
group, showed the largest estimated absolute number
of deaths and costs attributable to tobacco with
156217 annual deaths and a cost of approximately
$11-8 billion, followed by Mexico with 49189 smoking-
related deaths and approximately $4-8 billion in costs.
COPD was the single disease that caused the highest
estimated proportion of smoking-related deaths (table 2).
In the 12 countries combined, COPD was estimated
to cause more than 76000 smoking-related deaths and
approximately $8-7 billion in costs. All cancers com-
bined, including lung cancer, accounted for an estimated
104000 deaths and $5-7 billion in costs in all countries.

Health-care costs attributable to smoking repre-
sented an estimated 6-9% of the health budgets of these
12 countries, ranging from 3.5% in Honduras to
16-7% in Uruguay; these health-care costs represented a
mean of 0-6% of gross domestic product, ranging
from 0-3% in Honduras to 1-5% in Uruguay. None of
the countries recover through tobacco taxes the total of

www.thelancet.com/lancetgh Vol 8 October 2020

the resources allocated to treat smoking-attributable
diseases; we estimated that tax revenues from cigarette
sales cover 36-0% of health expenditures attributable to
smoking across all 12 countries. We estimated that Bolivia
recovers 6-0% of the expenses and that Chile, with the
highest tobacco taxes in the region, recovers 78-9% of the
health costs attributable to tobacco (table 3).

We estimated that a 50% increase in the price of
cigarettes through taxes in the 12 Latin American
countries analysed could produce substantial health and
economic benefits in the next 10 years. In these
12 countries, we estimated that this price increase would
lead to the aversion of 314314 deaths, and approximately
1-27 million cardiovascular, cerebrovascular, and cancer
events (table 4). We also estimated that this tax policy
would result in gaining almost 8-67 million healthy life
years by averting premature death and disability. Approxi-
mately $23-4 billion would be saved in health-care costs,
and tax revenues could increase by approximately
$35-1 billion, resulting in a total estimated economic
benefit of $58-6 billion.

The health and economic effects of a price increase of
tobacco in each country depend on several factors, such
as the prevalence of smoking, the current level of taxes,
the elasticity of demand, and health-care costs. The figure
shows the expected health and economic gains from a
50% increase in tobacco price in each country over
10 years. The health benefits are expressed as deaths
avoided as a proportion of the current number of deaths
that are attributable to smoking in each country; the
economic benefits due to a reduction of health-care costs
and increased tax collection are expressed as a proportion

Smoking-attributable annual direct medical costs Proportion of direct
medical costs recovered
through tobacco taxes

Total costs, $ As a proportionof  Asa proportion

total health of GDP
expenditure
Argentina $3817334778 73% 0-6% 55:3%
Bolivia $249794501 11-8% 0-8% 6-0%
Brazil $11830140911 5:7% 0-7% 25.6%
Chile $1901333725 9-4% 0-8% 78:9%
Colombia $1708544794 9:7% 0-6% 10-2%
Costa Rica $241569268 5-7% 0-4% 26-1%
Ecuador $476 043 817 5-6% 0-5% 41-0%
Honduras $56355353 3:5% 0-3% 51-5%
Mexico $4767757221 8-0% 0-4% 46-9%
Paraguay $301307227 10:7% 0-8% 20-2%
Peru $796 045581 8-0% 0-4% 9-2%
Uruguay $800146359 16-7% 1-5% 26-4%
All 12 countries  $26 946373535 6-9% 0-6% 36-0%
All costs are in 2015 US dollars. GDP, total health expenditure as a proportion of GDP, and total tobacco tax revenue for
each country are shown in table 1. GDP=gross domestic product.
Table 3: Proportion of total health expenditures and GDP represented by smoking-attributable direct
medical costs and proportion recovered through tobacco taxes in 2015
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Health effect Economic effect
Deaths Healthy life- Coronary heart ~ Stroke events  Cancer events Health-care Increasedtax  Total economic
averted years lost disease events  averted averted costs savings, revenue, benefit,
averted* averted millions $ millions $ millions $
Argentina 27469 660323 43505 15761 12691 $2266 $9738 $12004
Bolivia 10868 279060 6330 11960 3141 $655 $43 $699
Brazil 136482 4076353 507451 100365 64383 $9761 $10640 $20401
Chile 20502 536701 25794 23996 8273 $2052 $3749 $5801
Colombia 45049 1173703 142162 62967 17401 $2554 $393 $2948
Costa Rica 1698 42592 6847 787 726 $237 $209 $446
Ecuador 4946 133607 3321 4221 1726 $294 $801 $1094
Honduras 1306 33692 2992 416 587 $50 $238 $289
Mexico 38358 1047689 99066 24113 14418 $3502 $8138 $11640
Paraguay 2507 67537 7383 2112 1056 $221 $252 $473
Peru 20588 505153 12482 19343 7433 $1067 $344 $1411
Uruguay 4541 108751 7485 1345 2652 $788 $586 $1374
Total 314314 8665161 864818 267386 134487 $23448 $35131 $58580
All economic effects are in 2015 US dollars. *Healthy life-years lost averted are those that would have been lost because of premature mortality or quality of life losses.
Table 4: Projected 10-year accumulated health and economic effect of a 50% price increase of cigarettes through taxes

of the country’s gross domestic product. In the long
term, a 50% price increase of tobacco could prevent
between 7-6% (Argentina) and 32-4% (Bolivia) of all
deaths currently attributable to smoking per year and
could produce economic gains equivalent to 0-09% of
gross domestic product in Peru, to up to 0-31% of gross
domestic product in Uruguay. In some countries, these
economic benefits would be produced mainly by avoided
health-care costs (eg, in Bolivia, Colombia, and Peru) and
in others, by increased tax collection (eg, in Argentina,
Honduras, and Mexico).

Discussion

To the best of our knowledge, this is the first study to
analyse the disease burden of smoking in Latin America
with an economic model developed in the region. Our
findings show that smoking represents a substantial
health and economic burden in 12 countries in Latin
America, with more than 345000 deaths, 2-2 million
disease events, and $26-9 billion in medical costs that
are estimated to be directly attributable to tobacco every
year. Tax collections from tobacco products are barely
enough to cover a third of these costs.

Taxation can be an effective strategy to reduce smoking,
improve population health, and reduce health-care costs.
According to our estimations, an increase of just 50% in
the price of cigarettes through taxation, which is feasible
in the region given the low prevailing prices, would pre-
vent more than 300000 deaths and more than 1 million
cardiovascular events, strokes, and cancers, and would
reduce health-care costs and increase tax revenues, leading
to a total economic benefit of $58-6 billion over 10 years.

Our findings are consistent with previous studies in
terms of both the estimation of the overall burden of
tobacco and the potential reduction of this burden

through taxation. Smoking is a leading risk factor for
early death and disability in more than 100 countries and
is responsible for 11-5% of deaths and 6-0% of disability-
adjusted life-years worldwide.” Previous studies have
estimated that health-care expenditures due to smoking-
attributable diseases totalled 5-7% of global health
expenditures in 2012.* It has been suggested that if
cigarette prices increased 50% worldwide, approximately
20 million people could avoid poverty, millions of
premature deaths could be prevented, and extra tobacco
revenue could partly finance health care.*

A simulation model applied to 181 countries showed
that a 43% increase in the retail price of cigarettes
through taxes would lead to 15 million fewer smoking-
attributable deaths among the adults who were alive
in 2014, and cigarette excise revenue would increase
by 47%.* In the EU, if all countries charged higher taxes,
consumption of tobacco would be reduced, and revenue
would be increased by an average of 6-76% with a
10% price increase.*

Previous studies have analysed the potential effect of
a price increase on cigarette consumption in Latin
America. In Colombia, one such study estimated that
a 50% increase in the price of cigarettes, bringing
it closer to the regional average, could result in a
31% decrease in consumption. In Mexico, the
SimSmoke model estimated that increasing excise taxes
to 70% of the price could reduce the smoking prevalence
by 16%, and in Argentina, it was estimated that an
80% price increase would reduce smoking prevalence
by 20% within 30 years.**

A limitation of our study is that, although it offers a
robust estimate of the health and financial burden of
smoking using the best available information in each
country and applying a uniform and replicable method,
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Figure: Estimated proportion of deaths averted and economic benefits during the 10 years after a 50% increase in the price of cigarettes in 12 Latin American countries

In each country, deaths averted are expressed as a proportion of current total tobacco-attributable deaths. Economic gains (due to increased tax revenues and reduction of direct medical costs) are

expressed as a proportion of the GDP of each country. GDP=gross domestic product.

our results are highly dependent on the quality of
information in each country. The availability and
quality of epidemiological and cost information in Latin
America is very variable and, in some countries, even
basic data such as mortality statistics can be imprecise.
Similar to all model-based studies, there is also
uncertainty around many of the model’s assumptions.
For example, many changes could happen in the future
that would affect the 10-year benefit estimate (eg, changes
in smoking behaviours, emergence of new treatments,
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changes in health-care costs). Despite these limitations,
both the burden attributable to smoking and the benefits
of tobacco tax increases evidenced by our study are
probably conservative estimates. Our analysis considered
only the direct medical costs generated by tobacco
consumption, which are only a portion of the total
financial burden imposed by smoking on countries.
Several studies have shown that the financial burden of
smoking could be double or triple the estimates based on
direct medical costs if the cost of lost productivity and
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other social costs are also considered.*”*® Results
obtained using our model showed that in Brazil, when a
conservative estimate of the productivity losses caused by
tobacco was included in the analysis, the estimate of the
economic burden of smoking increased by 50%, from
39-4 billion to 59-1 billion Brazilian Reais per year.”
Another important limitation is that our model did not
include the effects of passive smoking, perinatal effects,
or other effects (such as losses from fires), although we
did include an estimation of the effect of these factors
based on estimates from other studies. For all these
reasons, although our study is more comprehensive than
most of the analyses that had been done so far in Latin
America, our estimates of the potential benefits of higher
tobacco taxes are probably an underestimation.

Although taxation could be the best strategy to curb the
use of tobacco, many countries are lagging behind the
level of taxation recommended by WHO. Cigarettes
remain affordable, and prices are manipulated by the
tobacco industry to ameliorate the effects of excise tax on
smokers. Our results show that tobacco tax increases
could successfully avert deaths and disability, as well as
substantially reduce spending on health care, resulting
in large net economic benefits in these 12 Latin American
countries.

Contributors

AP-R, AB, and AA planned the study. AP-R, AB, and AP developed the
method. BR, LMR-S, MP, MC-R, EPT, DIO, LH, CLM, BSdM-], VG-R,
CDLP, MdPN-B, and SAV obtained data. AP-R, AA, AP, BR, JC, SAV, FA,
and AB did the analyses. All authors contributed to the interpretation of
the data. AP-R, AA, AB, and JR drafted the manuscript. AP-R, AA, AB,
and JR critically reviewed the manuscript. All authors reviewed the final
version.

Declaration of interests
We declare no competing interests.

References

1  Institute for Health Metrics and Evaluation. Global burden of disease
study. 2017 https://vizhub.healthdata.org/gbd-compare/ (accessed
Dec 7, 2018).

2 Stanaway JD, Afshin A, Gakidou E, et al. Global, regional,
and national comparative risk assessment of 84 behavioural,
environmental and occupational, and metabolic risks or clusters of
risks for 195 countries and territories, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet 2018;
392:1923-94.

3 Jha P. Avoidable global cancer deaths and total deaths from
smoking. Nat Rev Cancer 2009; 9: 655-64.

4 Goodchild M, Nargis N, Tursan d’Espaignet E. Global economic
cost of smoking-attributable diseases. Tob Control 2018; 27: 58—64.

5  Jha P, Peto R. Global effects of smoking, of quitting, and of taxing
tobacco. N Engl ] Med 2014; 370: 60-68.

6  Koljonen V, Aberg F, Rovasalo A, Mikisalo H. Self-reported alcohol
use and depressive symptoms after liver transplantation.
Transplantation 2015; 99: 867-72.

7 Bardach A, Perdomo HAG, Gandara RAR, Ciapponi A. Income and
smoking prevalence in Latin America: a systematic review and
meta-analysis. Rev Panam Salud Publica 2016; 40: 263-71
(in Spanish).

8  Pichon-Riviere A, Bardach A, Augustovski F, et al. Financial impact
of smoking on health systems in Latin America; a study of seven
countries and extrapolation to the regional level.

Rev Panam Salud Publica 2016; 40: 213-21 (in Spanish).

9  Guindon GE, Paraje GR, Chaloupka FJ. The impact of prices and
taxes on the use of tobacco products in Latin America and the
Caribbean. Am J Public Health 2015; 105: €9-19.

10

11

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Alcaraz A, Caporale J, Bardach A, Augustovski F, Pichon-Riviere A.
Burden of disease attributable to tobacco use in Argentina and
potential impact of price increases through taxes.

Rev Panam Salud Publica 2016; 40: 204-12 (in Spanish).

Bardach A, Cafiete F, Sequera VG, et al. Burden of disease
attributable to tobacco use in Paraguay, and potential health and
financial impact of increasing prices through taxing.

Rev Peru Med Exp Salud Publica 2018; 35: 599-609 (in Spanish).
Bardach AE, Caporale JE, Alcaraz A, et al. Burden of smoking-
related disease and potential impact of cigarette price increase in
Peru. Rev Peru Med Exp Salud Publica 2016; 33: 651-61 (in Spanish).
Pichon-Riviere A, Augustovski F, Bardach A, Colantonio L.
Development and validation of a microsimulation economic model
to evaluate the disease burden associated with smoking and the
cost-effectiveness of tobacco control interventions in Latin America.
Value Health 2011; 14 (suppl 1): S51-59.

Pinto MT, Pichon-Riviere A, Bardach A. Estimativa da carga do
tabagismo no Brasil: mortalidade, morbidade e custos.

Cad Saude Publica 2015; 31: 1283-97.

Bray F, Ferlay |, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries.

CA Cancer J Clin 2018; 68: 394-424.

Weinstein MC, O’Brien B, Hornberger J, et al. Principles of good
practice of decision analytic modeling in health care evaluation:
report of the ISPOR Task Force on Good Research Practices-
Modeling Studies. Value Health 2003; 6: 9-17.

Centers for Disease Control and Prevention. Smoking-attributable
mortality, years of potential life lost, and productivity losses—
United States, 2000-2004. MM WR Morb Mortal Wkly Rep 2008;
57:1226-28.

Chaloupka FJ, Hu TW, Warner KE, Jacobs R, Yurekli A.

The taxation of tobacco products. In: Jha P, Chaloupka F, eds.
Tobacco control in developing countries. Oxford: Oxford University
Press, 2000: 237-70.

International Agency for Research on Cancer. IARC handbooks of
cancer prevention, volume 14: effectiveness of tax and price
policies for tobacco control. Geneva: World Health Organization,
2011.

Doll R, Peto R, Boreham J, Sutherland I. Mortality in relation to
smoking: 50 years’ observations on male British doctors. BM] 2004;
328:1519.

The World Bank. Data catalog: world development indicators.
http://data.worldbank.org/data-catalog/world-development-
indicators (accessed Aug 15, 2019).

Chaloupka F, Gonzalez-Rozada M, Iglesias GR, Scho V. Analysis of
cigarette tax structure as a requirement for an effective tax policy:
evaluation and simulation for Argentina. 2014. Department of
Economics Working Papers. https://ideas.repec.org/p/udt/
wpecon/2014_2.html (accessed Aug 15, 2019).

Alcaraz VO. Bolivia: economia del control del tobaco en los paises
del mercosur y estados asociados. 2006. Organizaciéon
Panamericana de la Salud. http://www1.paho.org/Spanish/AD/
SDE/RA/Tab_Mercosur_BOL.pdf?ua=1 (accessed Aug 15, 2019).
Iglesias R, Jha P, Pinto M, da Costa e Silva V, Godinho J. Tobacco
control in Brazil. 2007. The World Bank. http://documents.
worldbank.org/curated/en/478771468018023843 /Tobacco-control-in-
Brazil (accessed Aug 15, 2019).

Debrott Sanchez D. Chile: economia del control del tobaco en los
paises del mercosur y estados asociados. 2006. Organizacién
Panamericana de la Salud. https://www1.paho.org/Spanish/AD/
SDE/RA/Tab_Mercosur_CHI.pdf?ua=1&ua=1 (accessed

Aug 15, 2019).

Maldonado N, Llorente B, Deaza J. Cigarette taxes and demand in
Colombia. Rev Panam Salud Publica 2016; 40: 229-36 (in Spanish).
Chavez R. Elasticidad precio de la demanda de cigarrillos y alcohol
en Ecuador con datos de hogares. Rev Panam Salud Publica 2016;
40: 222-28.

Jimenez-Ruiz JA, de Miera BS, Reynales-Shigematsu LM,

Waters HR, Herndndez-Avila M. (2008). The impact of taxation on
tobacco consumption in Mexico. Tob Control 2008; 17: 105-10.
Gonzalez-Rozada M, Ramos-Carbajales A. Implications of raising
cigarette excise taxes in Peru. Rev Panam Salud Publica 2016;

40: 250-55.

www.thelancet.com/lancetgh Vol 8 October 2020



Articles

30

31

32

33

34

Carbajales AR, Curti D. Fiscal policy, affordability and cross effects
in the demand for tobacco products: the case of Uruguay.

Salud Publica Mex 2010; 52 (suppl 2): S186-96.

Reitsma MB, Fullman N, Ng M, et al. Smoking prevalence and
attributable disease burden in 195 countries and territories,
1990-2015: a systematic analysis from the Global Burden of Disease
Study 2015. Lancet 2017; 389: 1885-906.

Global Tobacco Economics Consortium. The health, poverty,

and financial consequences of a cigarette price increase among
500 million male smokers in 13 middle income countries:
compartmental model study. BMJ 2018; 361: k1162.

Goodchild M, Perucic AM, Nargis N. Modelling the impact of
raising tobacco taxes on public health and finance.

Bull World Health Organ 2016; 94: 250-57.

Yeh CY, Schafferer C, Lee JM, Ho LM, Hsieh CJ. The effects of a
rise in cigarette price on cigarette consumption, tobacco taxation
revenues, and of smoking-related deaths in 28 EU countries—
applying threshold regression modelling. BMC Public Health 2017;
17: 676.

www.thelancet.com/lancetgh Vol 8 October 2020

35

36

37

38

39

Fleischer NL, Thrasher JF, Reynales-Shigematsu LM, et al. Mexico
SimSmoke: how changes in tobacco control policies would impact
smoking prevalence and smoking attributable deaths in Mexico.
Glob Public Health 2017; 12: 830—45.

Sandoval R, Belausteguigoitia I, Hennis A. The case of tobacco
taxation: where we are and how to accelerate its use for public
health. Rev Panam Salud Publica 2016; 40: 200-01.

Eriksen M, Mackay J, Islami Gomeshtapeh F, Drope ]. The tobacco
atlas, 5th edn. Atlanta, GA: The American Cancer Society, 2015.
Lightwood J, Lapsley H, Novotny T. Estimating the costs of tobacco
use. In: Jha P, Chaloupka F, eds. Tobacco control in developing
countries Oxford: Oxford University Press, 2000: 63-99.

Pinto M, Bardach A, Palacios A, et al. Burden of smoking in Brazil
and potential benefit of increasing taxes on cigarettes for the
economy and for reducing morbidity and mortality.

Cad Saude Publica 2019; 35: e00129118.

e1294



	The health and economic burden of smoking in 12 Latin American countries and the potential effect of increasing tobacco taxes: an economic modelling study
	Introduction
	Methods
	Study design and model development
	Information sources
	Cost data
	Model calibration and validation process
	Estimation of the smoking-related disease burden
	Estimation of the effect of taxation
	Role of the funding source

	Results
	Discussion
	References


