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Background Dating from the 1920s and linked to the increase in mortality
among smokers, tobacco has become one of the most studied health risk factors.
Tobacco-use series, whether for the general population or for specific groups,
are unavailable for most South American countries, something that hinders the
characterisation of this risk factor.

Objectives To identify and analyse studies that estimate smoking-attributable
mortality (SAM) in South America and provide an overview of the impact of
smoking habit on mortality in the region.

Methods Systematic review using PubMed, Embase, LILACS, Biblioteca Virtual
en Salud, Google Scholar and Google, and including all papers published until
June 2020 reporting studies in which SAM was estimated.

Results The search yielded 140 papers, 17 of which fulfilled the inclusion cri-
teria. There were SAM estimates for all South American countries, with Argen-
tina having the most. The first estimate covered 1981 and the latest, 2013. The
method most used was prevalence-based. Regardless of the country and point
in time covered by the estimate, the highest figures were recorded for men in all
cases. The burden of attributable vs observed mortality varied among countries,
reaching a figure of 20.3% in Argentina in 1986. The highest SAM burden was
registered for the group of cardiovascular diseases.

Conclusions SAM estimates are available for all South American countries but
the respective study periods differ and the frequency of the estimates is unclear.
For 4 countries, the only estimates available are drawn from reports, something
that does not allow for a detailed assessment of the estimates obtained. To help
with decision-making targeted at evaluating and enhancing the impact of smok-
ing control policies, further studies are needed in order to update the impact of

¢ smoking on all countries across South America.

Dating from the 1920s and linked to the increase in mortality among smokers, to-
bacco has become one of the most studied health risk factors [1]. The character-
ization of the epidemiology of smoking in any given population is based both on
the study of the prevalence of tobacco use and related characteristics, and on the
estimate of tobacco’s impact on mortality. It is estimated that worldwide some 942
million men and 172 million women over the age of 15 years smoke cigarettes [2].
Population-based studies on the prevalence of and trends in tobacco use are frequent
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in high-income countries, where, following one of the strategies included in the MPOWER (Monitor, Protect,
Offer, Warn, Enforce, Raise) measures, tobacco monitoring or surveillance systems have been implemented [3].
Tobacco-use series, whether for the general population or for specific groups, are unavailable for most South
American countries, something that hinders the characterisation of this risk factor [2]. Furthermore, it must
be borne in mind that prevalences vary widely across the continent, eg, ranging from an estimated 38.7% in
Chile to 7.4% in Ecuador [4].

To form an objective idea of the influence exerted by tobacco use on total mortality, attributable mortality
(AM) is estimated. Establishment of the causal relationship between tobacco use and mortality shifts over time,
with tobacco currently being causally associated with 22 disease subgroups or individual nosological disease
entities [5]. AM is a valuable indicator with which the progress of the smoking epidemic can be analysed from
a standpoint parallel to that of prevalence, and the impact of tobacco use on population health can be mea-
sured [6]. Rather than being directly based on the use of death certificates, this estimate relies instead on the
use of epidemiological methods that are based on the acceptance of different assumptions [7]. The methods
most frequently used can be generally classified into prevalence-based and non-prevalence-based. Whereas
the application of a prevalence-based method is subject to knowledge of the prevalence of smoking in a given
population, application of a non-prevalence-based method is dependent on lung cancer mortality rates [7].

Assessing the availability of smoking-attributable mortality (SAM) estimates for the countries of South Ameri-
ca would help form a general overview of this public health problem, an indispensable aspect for the planning
of health programmes and policies [7]. Accordingly, the twin aims of this study were: to identify and analyze
papers that estimate smoking-attributable mortality in South America; and to provide an overview of the im-
pact of smoking habit on mortality in this region.

METHODS

We conducted a systematic review of the literature through following in general the indications of the Cochrane
Handbook for systematic reviews of interventions. We report the methodology and results of the systematic re-
view according to the PRISMA checklist [8], see Table S1 in the Online Supplementary Document. To iden-
tify studies that estimated SAM, a search was conducted in the PubMed (MEDLINE), Embase, Latin American
& Caribbean Health Sciences Literature (Literatura Latinoamericana y del Caribe en Ciencias de la Salud/LILACS)
and Biblioteca Virtual en Salud (BVS) databases and the Google Scholar and Google search engines. The search
criteria used were (tobacco OR smok* AND “mortality attribut*”) along with the MeSH terms (smoking AND
mortality), and their combinations with the name of the region “South America” and each country (Argentina,
Bolivia, Brazil, Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay and Venezuela). In addition, we conducted
a manual search and examination of other sources, based on the references cited in the papers retrieved. The
designated search time limit was June 2020. Details of the search strategy used are presented in Appendix S2
in the Online Supplementary Document.

Inclusion and exclusion criteria

We included all papers identified, regardless of the type of publication (including proceedings of congresses
and conferences), as having been undertaken in South American countries in which SAM was estimated. No
language restrictions were imposed, and simulation studies or economic projections were excluded.

Study-selection

In a first step, titles and abstracts were separately reviewed by two members of the team, and the full text was
then obtained for any paper that met the inclusion criteria.

Subsequently, the selected papers were read in full and the information entered on a data-extraction table (AR,
A.G.-O., M.P-R), listing the variables that identified the studies (author, year of publication), the methodologi-
cal aspects, and the results of the AM estimates. As regards the methodological aspects, the following data were
obtained: study country or area; method of attribution, ie, prevalence- or non-prevalence-based; source and
year of prevalence of tobacco use and, where applicable, the risks used and observed mortality (OM); year of
the Surgeon General’s Reports used as reference in the establishment of causal relationships [5,9,10]; causes of
mortality analysed, year of attribution of mortality, and age groups of attribution of mortality. When it came to
the results of the estimates, we extracted the total number of smoking-attributable deaths among men, among
women and overall, and estimated the burden of attributable vs observed mortality. Any disagreements or dis-
crepancies in interpretation of the data were settled by consensus (A.G.-O., M.P-R).
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Figure 1. Flowchart of the included studies estimation smoking-attributable mor-

tality in South America.

HHS-PAHO, 1985
WHO. 2004

HHS-PAHO, 1985 T Simtam
WHO, 2004
Herrera, 2009-2013

PAHO, 1984 y 1988

HHS-PAHO, 1985
WHO, 2004

Guayana francesa

HHS-OPS, 1985
PAHO,1992

Correa, 2003
WHO, 2004

Palloni, 2004
Acosta, 2013

PAHO, 1990 -1994

§ Bolivia
San Martin, 1998-2000
Sanchez, 2001-2007 T
WHO, 2004

HHS-PAHO, 1985
Medina, 1986
WHO, 2004

Uruguay

» WHO, 2004

PAHO, 1987
Sandoya, 2004
WHO, 2004
Palloni, 2004

Palloni, 2004
Bedregal, 2007
Acosta, 2009-2010

w Malvinas

PAHO, 1981
HHS-PAHO, 1985
PAHO, 1986
PAHO, 1988
Conte, 2000
Pitarque, 2000
Barrenechea, 2001-2010
Conte, 2003
WHO, 2004
Palloni, 2004
Acosta, 2013

Figure 2. Estimations of the smoking-attributable mortality in South America
(author, year of attribution of mortality). HHS — United States Department of

Health and Human Services, PAHO — Pan American Health Organization, WHO

— World Health Organization.

Fthical considerations

No Ethics Committee approval was required for
the purposes of this review, due to the fact that
the study relied on freely accessible, secondary da-
tabases; in this regard, the study poses no ethical
risks for persons or the environment.

RESULTS

The search yielded 140 papers, 17 of which ful-
filled the established inclusion criteria (8 scientif-
ic papers, 3 regional reports, 2 work documents,
2 local reports, 1 world report and 1 bulletin) and
included 41 SAM estimates (Figure 1). The docu-
ments excluded were short communications with-
out access to the full data or which reported OM
data (3), economic models (6), mortality risk es-
timates (5), population attributable fractions (1),
potential years of life lost or life expectancy (1).

There were SAM estimates for all South Ameri-
can countries, with the earliest dating from 1981
for Argentina [11] and the most recent being for
Argentina, Brazil and Colombia in 2013 [12,13]
(Table 1 and Figure 2). The countries with most
estimates were Argentina with 11 [11,12,14-20],
followed by Brazil with 8 [11,12,14,18,19,21,22]
and Chile with 6 [11,12,18,19,23,24] (Figure 2).
In 5 of the studies, SAM was estimated for more
than one country [11,12,14,18,19], while others
were limited to specific zones of the country, such
as Tucuman in Argentina [20], 16 cities in Brazil
[22], and the Caribbean region in Colombia [13].
Bolivia, Ecuador, Peru and Venezuela only had es-
timates drawn from reports issued by official bod-
ies [11,14,18].

The most commonly used method was prev-
alence-based (12 out of 17), with prevalenc-
es sourced from national surveys; in one study,
prevalences were sourced from a tobacco-specific
survey [27]. The risks applied were mainly drawn
from the Cancer Prevention Study II [25] (16 out
of 17). Observed mortality, which was drawn from
vital statistics, had a lower age limit of 35 years and
no upper limit in 13 of the 17 studies: in 2 studies
the lower limit was set at 15 and 20 years respec-
tively. The Surgeon General’s Report most used
as reference for the causes analysed was the 2004
edition [9] (Table 1).

Whereas studies published up to 1994 included 1
to 11 causes of death, those published after 1994
cited 2 to 19 causes of death. None included colon
cancer, rectal cancer or diabetes mellitus (see Ta-
ble S3 in the Online Supplementary Document).

SAM among adults in South America ranged from
184 (Peru, 1985) to 132928 deaths (Brazil, 2013).
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Smoking-attributable mortality in South America

Nineteen of the 41 estimates showed AM broken down by sex, with AM in all cases being highest in men. In
Peru, AM estimates were restricted to men, and in Bolivia and Ecuador no estimates were shown with a break-
down by sex (Table 1).

The burden of AM vs OM varied among countries, and for countries with more than one estimate available
it also changed with time, except in Uruguay where the impact appeared to remain stable. While Paraguay
showed a decrease and Chile showed an increase in the burden of SAM, the remaining countries displayed no
observably defined pattern (Table 1).

In 31 of the 37 estimates of AM which differentiated the results by reference to smoking-related disease groups,
the greatest AM burden was attributed to the group of cardiovascular diseases. In terms of specific causes, isch-
aemic heart disease, lung cancer and COPD proved to be the leading specific causes of SAM.

PAPERS

DISCUSSION

To our knowledge, this is the first systematic review of SAM in South America. There is at least one SAM es-
timate for each of the countries but 6 of the 10 countries that comprise the region have no estimates later
than 2010. The most recent estimates are from 2013 for 3 of the 10 constituent countries. For Bolivia, Ecua-
dor, Peru and Venezuela, the AM estimates are drawn from reports issued by the World Health Organisation
(WHO) and Pan American Organisation Health (PAHO), with the characterisation of data sources being very
limited and thus not allowing for in-depth analysis of the estimates obtained and their potential limitations.

The periodicity of the estimates is unforeseeable, which may be due to the fact that until now South America
has had other health priorities. These priorities included things such as non-communicable diseases (cardio-
vascular diseases, cancer, diabetes, and chronic respiratory diseases) that account for 73.2% of all deaths [26],
but did not extend to the study of the epidemiology of the risk factors for such diseases.

Although there is no consensus about the method of choice for estimating SAM [7], most of the studies were
found to have applied the prevalence-based method. The use of this method is frequent in the USA and Eu-
rope, where smoking prevalence data are regularly available and are drawn from national health studies that
are conducted in accordance with international guidelines. However, things are not quite the same in South
America, where the availability of prevalence data are limited, or the age groups for which such data are avail-
able differ from those established by international consensus; hence, two studies set upper age limits in the
estimate of prevalence at 64 years [28,29] which render it impossible to estimate AM in persons over the age
of 64 years. Furthermore, in the prevalence of non-smokers cited by some surveys, there is no way of distin-
guishing the ex-smokers [30]. This gives rise to an underestimate of AM.

When it comes to observed mortality, its quality must be assessed, since there are problems of under-regis-
tration and miscoding [12,31]. Evaluation of the performance of the vital statistics registration systems from
which the observed mortality data were drawn ranges from 0.217 in Bolivia to 0.913 in Venezuela, which in-
dicates that vital statistics in Bolivia account for only 21.7% vs 91.3% in Venezuela. Across the period 1980-
2012, the quality and general utility of death statistics data in Latin America and the Caribbean had a mean
score of 0.765 over 1 (range 0.617 to 0.913) [32,33].

In South America there are no studies from which one can ascertain smokers’ and ex-smokers’ excess risk of
dying from smoking-related diseases, ie, relative risks of mortality. It is precisely because of this that, in all but
one of the studies included [23], the risk estimates are drawn from the follow-up of the Cancer Prevention Study
11 cohort [25]. This US cohort study provides the best evidence available to date, though it should be borne in
mind here that smoking histories and, by extension, risks are very different in South America and the USA [2].

With respect to the causes of death analysed, the evidence showed that with the passage of time, more causes
were gradually added in AM estimation studies, a development in line with the Surgeon General’s practice of
associating and confirming the causal relationship between other diseases and smoking habit, essentially via
the reports issued for the years 1964 (8 causes), 1989 (10 causes), 2004 (18 causes) and 2014 (22 causes) [5].
Yet, despite the fact that studies were found to have been published over the period 2014-2019 [12,13], none
of them analysed SAM with the 22 causes confirmed in the 2014 Surgeon General’s Report.

A number of studies did not report AM by sex [14,18,19,21,23], something that limits the analysis in terms of
how the smoking epidemic evolved by reference to this characteristic. This has a negative impact on the possi-
bility of having a source of reference for the introduction, implementation and evaluation of smoking policies.
SAM has been most closely studied in Argentina, Brazil and Chile, where smoking control policies have been
progressively implemented since 1980 [12,34]. Hence, according to the WHO’s most recent follow-up report
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on the global smoking epidemic in South America, published in 2019, Brazil is the only country to have ad-
opted all the MPOWER measures at the highest level [35]. Moreover, this country, along with Uruguay, are
the regional leaders in tobacco control [12,34]. For their part, Argentina and Chile have implemented at least
4 of the MPOWER measures at the highest level of application [34]. It is noteworthy that, after the publication
of the WHO Framework Convention on Tobacco Control in 2003 and the subsequent implementation of the
MPOWER package, there has been no increase in the publication of studies that estimate SAM.

The disease group to which most mortality is attributed by the majority of countries is cardiovascular diseas-
es. This mortality pattern is different to that of European countries, where in terms of attributable mortality
-overall and in men- tumours exceed circulatory diseases when the burden of SAM is analysed [36]. These
differences may be due, not only to insufficient control of the main risk factors, which, in addition to tobacco,
influence the generation of cardiovascular diseases such as hypertension, hypercholesterolaemia and seden-
tarism, among others, but also to the need for improvements in the early care of acute processes, such as in-
farction and cerebrovascular diseases [37].

This study has a series of limitations, including those linked to the difficulty of identifying the data sources
used for the AM estimates in some studies. Hence, there may have been some omissions in the extraction of
data. In addition, the changeover from the International Classification of Diseases 9th to 10th revision (ICD-9
to ICD-10) in the coding of OM hindered the comparison of the estimates [5,11]. By way of advantages, stress
should be laid on the systematic review design per se which, moreover, employed an exhaustive search strat-
egy, thereby allowing for the inclusion of all available studies and exhaustive data-collection.

In conclusion, SAM estimates have been made for all South American countries. Despite the methodological
differences between studies, most of these countries show the highest SAM burden to be associated with car-
diovascular diseases. In many cases the available estimates are obsolete, meaning that there is a need for fur-
ther studies to update the impact of smoking habit on most South American countries. Surveillance systems
should be strengthened or implemented using data that are standardized, comparable (risks used, age groups
analysed, causes included), representative at a national level, and regularly published on tobacco use and its
impact on the population. It is vital that public administrations, health professionals and the public are aware
of the impact of tobacco on mortality, since this would help strengthen the measures required to reduce its ef-
fects on health. AM estimates would also help with decision-making targeted at evaluating and enhancing the
impact of smoking control policies [38,39].
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