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Continuous progress in the remarkable mor-
tality decline in Latin America and the Carib-
bean region1 may be difficult to sustain. This
possibility is foreshadowed in a recent report
showing that cancers of the respiratory tract,
particularly lung cancers, are among the 3 most
important forms of cancer in the region and are
primary causes of adult mortality.2 It is known
that these chronic illnesses are closely con-
nected to smoking, but less is known about the
actual contribution of past smoking on current
and future adult mortality in these countries. It
could well be that, if pervasive enough, past
(and future) smoking behavior trumps long-
term trends in adult mortality.

In response to the increasing vigilance and
massive public health campaigns against to-
bacco consumption that began in the United
States after the mid-1960s, the tobacco in-
dustry initiated an aggressive program to
open new markets in Europe, Asia, and Latin
America.3---5 A number of sociodemographic
factors contributed to the higher numbers of
potential smokers in Latin America and the
Caribbean region beginning in the 1950s: the
explosive growth in the populations of adoles-
cents and young adults, who are at highest risk
for smoking initiation; the spread of an urban
lifestyle and the accelerated growth of cities;
greater access to education; and the entry of
women into the labor market.6,7 Increasing
cigarette affordability,8---10 widespread legisla-
tive maneuvers,6,11---13 and a sophisticated pub-
licity machine8,12---14 contributed to a massive
market expansion for tobacco in all forms and
cigarettes in particular. As a result, cigarette
consumption increased first in countries in the
vanguard of mortality decline (Argentina,
Uruguay, Cuba, and Chile) and then in Mexico,
Brazil, Colombia, Costa Rica, and Panama.3,15

Countries with higher mortality, such as, Peru,
Ecuador, Bolivia, Paraguay, and Guatemala,
still have low levels of smoking, but some of
them (e.g., Bolivia) are catching up rapidly. The
spread of smoking is known in public health
circles as the “smoking epidemic”—a term we
adopt here.16,17

According to a useful typology,18 countries
in Latin America and the Caribbean span
a broad range of experiences in the smoking
epidemic, from those in the late stages
(Argentina, Chile, Cuba, and Uruguay) to
those of more recent onset (Mexico and
Brazil).19 Table 1 contains key indicators
for these 6 countries (plus the United States
for comparative purposes).24 Males in 4
countries—Argentina, Cuba, Chile, and
Uruguay—have higher rates of smoking than
do US males, whereas the rates are lower in
Brazil and Mexico. As we will show, Cuba’s
unique position at the top of the ranking of
smoking prevalence translates into the high-
est estimated excess adult mortality. Female
rates lag behind male rates everywhere, but
they have reached levels of around 20% in
Argentina and Chile. Age-specific smoking
prevalence rates for the 6 countries in this
study (data available as a supplement to the
online version of this article at http://www.
ajph.org) display a high degree of heterogeneity
and reflect characteristics typical of different
stages of the epidemic. These age patterns
reveal telling anomalies: an exceptionally high
prevalence among the population younger than
25 years in Chile, signs of a recrudescence of

the smoking epidemic, and unexpectedly low
levels of adolescent smoking in Brazil, an in-
dication of successful antismoking cam-
paigns.19,26

The typology mentioned here is useful for
comparing aggregate, country-specific condi-
tions and is not informed by—nor does it intend
to inform—individual psychological traits re-
sponsible for smoking-related behavior in the
countries to which it is applied.

EFFECTS OF PAST SMOKING ON
CURRENT MORTALITY

The causal connection between smoking and
disease is well established, as are the mechanisms
through which smoking affects mortality. There
is considerable evidence that 2 conditions—lung
cancer and chronic obstructive pulmonary dis-
ease—are more prevalent among smokers than
nonsmokers.27---30 Empirical evidence also impli-
cates smoking as a causative factor of other types
of cancers and chronic illnesses, particularly
cardiovascular disease.16---19,25---32

Cancer is rapidly becoming the most im-
portant cause of death among adults in Latin
America and the Caribbean.2 Although its
overall incidence is about one half that in the
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United States, its mortality rate is twice as high,
a reflection of lower access to and use of early
screening and effective treatment.2 Cancers of
the respiratory tract—lung cancer in particular—
are the second or third most important forms of
cancer in the region.2 Although a fraction of
these are related to environmental exposures,
most are attributable to smoking.

Male lung cancer rates are highest (about
50%---75% of US rates) and steady or increas-
ing in Cuba, Argentina, and Chile and steady or
slowly decreasing in Uruguay, a country with
a more vigorous antismoking campaign. The
rates are lower but increasing in Brazil and
Mexico, particularly among women.3,12,15 The
rank order of countries according to the mag-
nitude of lung cancer death rates is consistent
with the stage of the smoking epidemic they are
experiencing. In all cases, male rates are higher
than female rates, but the pace of increase of
smoking prevalence among females now ex-
ceeds that among males (data available as
a supplement to the online version of this
article at http://www.ajph.org).

EFFECTS OF PAST SMOKING ON
FUTURE MORTALITY

Although the causal relation between
smoking and lung cancer is not in question,
assessing the magnitude of the effects of smok-
ing on past, current, and future mortality is
problematic. Estimating the impact of smoking
would be a simple affair if we were in possession of
longitudinal information about smoking behavior,
health, and mortality. In the absence of such
information, researchers must deploy indirect
methods to estimate the fraction of adult deaths
attributable to smoking. A number of questions
can then be addressed with precision. First,
how powerful is the decelerating power
exerted by smoking-attributable mortality on
recent mortality trends in Latin America and
the Caribbean? Or, alternatively, how much
larger would past gains in survival have been in
the absence of smoking (i.e., forgone gains)?
Second, how large are the likely short- and
medium-term losses in life expectancy at 50
years as a result of past smoking?

METHODS

Estimation of smoking-attributable mortality—
the counterfactual fraction of deaths that would
be eliminated in the absence of smoking—is
relatively unproblematic with longitudinal
studies of cohorts of smokers and nonsmokers
such as the Cancer Prevention Study II (CPS-
II),33 or even with suitable cross-sectional data
such as the National Health Interview Study
linked to the National Death Index.34 In the
absence of population-based cohort studies,
we obtained country-based estimates of
smoking-attributable mortality from tech-
niques that combine aggregate information
on age-, gender-, and cause-specific mortality
and selected assumptions about the effects of
smoking on selected conditions. The best
known among these procedures was formu-
lated by Peto et al.35 and subsequently modi-
fied by others.36---39 One of these variants,
proposed by Preston et al.,40 is a generic
regression-based procedure for aggregate
cause-of-death data whereby observed lung

TABLE 1—Characteristics of the Smoking Epidemic Among Adults Aged 20–80 Years: Argentina, Brazil, Chile, Cuba, Mexico, Uruguay,

and United States; 2005–2009

Argentina, 2005 Brazil, 2008 Chile, 2006 Cuba, 2009 Mexico, 2009 Uruguay, 2009 United States, 2007

Males

No. 16 647 15 995 7 981 5 350 2 360 2 228

Smoking prevalence/100 persons (SD)a 35.7 (0.8) 24.0 (0.4) 37.8 (0.6) 44.8c 23.8 (0.7) 32.5 (1.3) 28.4 (45.1)

No. of cigarettes/d, mean (SD)a 13.1 (0.3) 15.3 (0.2) 5.8 (0.1) 10.3 (0.5) 11.0 (0.5) 16.5 (11.8)

No. of cigarettes/y, mean (SD)a 4 783.0 (109.3) 5 583.7 (88.1) 2 080.8 (48.3) 3 752.9 (174.3) 4 027.6 (166.6) 6 040.7 (4322.1)

Deaths/100 persons attributable to tobacco (all causes)b 19 15 11 21 7 24 23

Deaths/100 000 persons attributable to tobacco (trachea,

bronchus, and lung cancers)b
75 35 32 90 18 115 103

Females

No. 21 907 19 176 7 968 6 220 2 617 2 400

Smoking prevalence/100 persons (SD)a 25.7 (0.7) 14.5 (0.3) 28.0 (0.6) 29.6c 7.7 (0.5) 22.5 (1.0) 21.5 (41.1)

No. of cigarettes/d, mean (SD)a 9.6 (0.2) 12.6 (0.2) 4.9 (0.1) 8.5 (0.5) 10.9 (0.4) 14.5 (10.1)

No. of cigarettes/y, mean (SD)a 3 507.1 (79.8) 4 614 (83.4) 1 757.6 (47) 3 102.2 (200.0) 3 962.7 (136.8) 5 284.1 (3 702.1)

Deaths/100 persons attributable to tobacco (all causes)b 6 6 8 18 6 5 23

Deaths/100 000 persons attributable to tobacco (trachea,

bronchus, and lung cancers)b
12 6 10 78 4 10 68

Yearly consumption ratio, female–malea 0.73 0.83 0.80 0.84 0.98 0.87

Note. Values in the table were computed from information contained in the original sources.
Source. National Risk Factors Study (Argentina),20 Global Adult Tobacco Survey (Brazil, Mexico, and Uruguay),21 Social Protection Study (Chile),22 and National Health and Nutrition Examination
Survey (NHANES; Smoking Module).23
aPopulation weighted and age standardized (Standard NHANES 2007–2008)23 for Argentina, Brazil, Chile, Mexico, and Uruguay.
bWorld Health Organization (2012)24 estimated proportion of deaths attributable to tobacco and death rates correspond with 2004 and are totals for individuals aged 30 years and older.
cAge standardized for individuals aged 15 years and older.25
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cancer mortality rates become predictors of
mortality rates from other causes of death. The
technique was applied successfully to a sample
of high-income countries to calculate the frac-
tion of total intercountry differences in life
expectancy at 50 years attributable to smok-
ing.41 The method was modified to better
capture gender variation,42 to reduce sensitiv-
ity to model dependency, and to tailor it for
applications to defective vital statistics and
census data.43 We applied the modified pro-
cedure to adjusted vital statistics while mini-
mizing biases resulting from improper model
selection and classification of causes of death
(data available as a supplement to the online
version of this article at http://www.ajph.org).

Data

We used a database for Latin American
mortality (LAMbDA)25 that contains adjusted
death rates from 1850 to 2010 for 18 coun-
tries of the Latin America---Caribbean region.
Data on causes of death starting in 1950 are
from World Health Organization databases.44

We focused on the 6 countries of interest
during the period 1980 through 2007, and
confined our analyses to ages 50 years and
older.

Model and Estimates

The model we estimated is as follows:

ð1Þ lnMJ ¼
X

i
uiJZi þ cJML þ

X
i
aiJ � Iiþ

rJ �MIll
�
MJ þ rL �MIll=ML þ eJ

where ML and MJ are, respectively, the ob-
served age-specific mortality rates from lung
cancer and cause J in the population; Zi is a set
of dummy variables including age, country, and
calendar time; Ii’s are first-order interaction
terms between ML and age, country, and
calendar time; MIll is the mortality rate from
ill-defined causes of death; and eJ is an error
term. The parameters uiJ, cJ, aiJ, rJ, and rL are
regression coefficients associated with the var-
iables Zi, ML, Ιi, MIll/MJ, and MIll/ML, respec-
tively, and are assumed to vary with cause of
death (J). Instead of calendar years, we used
years elapsed since 1980. We estimated
models including dummy variables to identify
individual countries and others with a single
dummy variable to distinguish countries in the
advanced stages of the smoking epidemic

(Argentina, Chile, Cuba, and Uruguay) from
those in earlier stages (Mexico and Brazil). The
models with the single dummy fit as well as
models with dummies to identify each country
and were chosen as the most parsimonious.
This result is consistent with the idea that
relations between variables are more sensitive
to shifts in stages of the smoking epidemic than
to country-specific idiosyncrasies. We used
a dummy variable with a value of 1 for
Argentina, Chile, Cuba, and Uruguay, and zero
for Mexico and Brazil.

Equation 1 includes 2 additional terms in-
volving mortality rates from ill-defined causes
(MIll). These variables control for differential
propensities of deaths from lung cancer and
from cause J to be classified as ill-defined (data
available as a supplement to the online version
of this article at http://www.ajph.org). To esti-
mate the total number of deaths from cause J
attributable to smoking, we used empirical
estimates of the parameter cJ and an estimate of
the fraction of all deaths from lung cancer not
associated with smoking.

To estimate Equation 1 consistently, we
used enough observations and time-varying
covariates to capture time trends. We entered
age, time period, and dummies for countries as
well as 2- and 3-way interaction terms and
applied goodness-of-fit tests to identify the most
parsimonious specification. To estimate the
parameters in Equation 1, there are 3 plausible
models (ordinary least squares, Poisson, and
negative binomial), 2 specifications (fixed ef-
fects and random effects), and 2 alternative
groupings of causes of deaths, yielding 12
possible models. To reduce the number of
parameters we needed to estimate, we con-
centrated on results from the negative binomial
model, as this is the most appropriate for count
variables with extra Poisson variation (data
available as a supplement to the online version
of this article at http://www.ajph.org).

We tested for differences between
fixed-effects and random-effects specifications
and for alternative groupings of causes of death
by using the Hausman test statistic.45---47 Sec-
ond, we assessed the sensitivity of estimates to
alternative classifications of causes of deaths.
The test consisted of comparing the proportions
of deaths among adults older than 50 years that
were attributable to smoking. These were pre-
dicted from the fixed-effects and random-effects

models, employing 2 alternative classifications
of causes: one with 2 causes (lung cancer; all
other causes) and another with 4 causes (lung
cancer; diseases of circulatory system; cancer
other than lung; all other causes). We also
carried out a systematic review of results for the
entire period under investigation (1980-2005).

Assessing the Robustness of Empirical

Estimates

Although the checks applied in the previous
section were strict, we sought supplementary
evidence of the robustness of estimates and
applied 2 tests that gauged their external and
internal validity. The first test compared the
estimated effects of lung cancer death rates on
mortality rates from all other causes with the
effects estimated in a sample of 22 Organisa-
tion for Economic Co-Operation and Develop-
ment (OECD) high-income countries for the
same year.40,41

In a second test, we combined estimates of
age-specific smoking prevalence from selected
surveys with our empirical estimates of smok-
ing prevalence (qJ) to derive values of smoking
relative risks (hJ) for selected causes of death J
(data available as a supplement to the online
version of this article at http://www.ajph.org).
We relied on estimates from the random-
effects model with 4 groups of causes of deaths.

Impact of Smoking on Adult Life

Expectancy

We used yearly estimates of smoking-
attributable mortality to calculate counterfactual
trends in mortality rates—that is, those that would
have been observed if smoking-attributable mor-
tality were set to zero. We employed first princi-
ples to convert observed and counterfactual rates
into life expectancies.

RESULTS

The Hausman test statistic indicated that the
2 models fit the data well and produced
statistically similar results (data available as
a supplement to the online version of this
article at http://www.ajph.org). Results for the
years 1980 and 2005 and 2 random-effects
models, one for each classification of causes
of deaths (2 and 4 causes), are displayed in
Figure 1. This figure also includes results
obtained by the procedure of Peto et al.35 The
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systematic review of the literature confirmed
that the estimates were robust to both model
specification (fixed effects vs random effects)
and to alternative cause-of-death classifications
(data available as a supplement to the online
version of this article at http://www.ajph.org).

The Robustness of Empirical Estimates

Except for the first age group, the similarities
between the 2 sets of estimates were striking
(data available as a supplement to the online
version of this article at http://www.ajph.org).
As expected, because of the load of additional
competing risks, the effects were somewhat
lower in our sample of countries. This result
could also be attributable to measurement
errors or the different realities of the smoking
epidemic. It is possible, for example, that
conditions other than smoking had a heavier
influence in Latin America and the Caribbean
than in higher-income countries. Thus, cardio-
vascular diseases in low- to middle-income
countries have etiologies implicating early

conditions,48 and we should expect that
a lower fraction of cardiovascular disease is
associated with smoking. Similarly, lung cancer
rates may be slightly understated, in which case
our estimates are lower bounds.

Estimates of effects from the random-effects
model were equivalent to the excess mortality
risk attributable to smoking associated with
each cause or group of causes. When these are
combined with estimates of smoking preva-
lence by age, they yield the smoking relative
risks for each group of causes of deaths. The
estimates of relative risks can be compared
with independent estimates, obtained from the
most important longitudinal study on smoking,
the CPS-II.49 The comparison is somewhat
imprecise because the estimates available from
the CPS-II are for the population aged 30 years
and older (rather than 50 years and older) and
correspond to disaggregated causes of death
(whereas we only used figures for cancers other
than lung and all circulatory diseases). In
addition, the estimates from the CPS-II are

appropriate for the United States,50 and the
sample composition of the CPS-II does not
necessarily mirror conditions in the Latin
American and Caribbean countries we studied.

Despite these shortcomings, the results (for
males only) plotted in Figure 2 are remarkable.
Each panel displays estimated relative risks by
age for chronic obstructive pulmonary disease
plus cancers other than lung and circulatory
diseases. The horizontal lines in each panel are
the maximum and minimum relative risks esti-
mated in the CPS-II for each group of diseases.
The figure shows that our estimates are in close
agreement with the much sturdier estimates
derived from the CPS-II. If there are any slip-
pages, they occur at very old ages—precisely the
age groups that other research has found to be
either intractable or problematic.35,41,51 This
level of consistency would not have been pos-
sible if any of the key assumptions made to
generate our estimates (data quality, relationship
between lung cancer and other mortality as
a result of other causes) had been violated.
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the Caribbean, 1980–2009.
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Impact of Smoking on Adult Life

Expectancy

We used these results to answer the follow-
ing question: how large is the impact of past
smoking on conventional indicators of mortality
such as life expectancy at adult ages? Figure 3
displays trends of observed and counterfactual
life expectancy at 50 years for the period under
examination. The counterfactual trend is plot-
ted, with 95% confidence intervals obtained by

bootstrap procedures. Differences between
observed and counterfactual life expectancies
were larger for males than for females. This is
consistent with the idea that female smoking
has not yet left a powerful imprint on female
mortality. However, disparities between the
observed and counterfactual trends among fe-
males are increasing over time and everywhere.
Among males, the differences were large: 4 to 6
years in Argentina, Cuba, and Uruguay (about

20% of current life expectancy at 50 years),
somewhat less than 4 years in Chile (about 15%
of current life expectancy at 50 years), and less
than 2 years in Brazil and Mexico (about 8% of
current life expectancy at 50 years). During the
most recent period (2000---2005), absolute and
relative differences between observed and
counterfactual life expectancies were steady in
Argentina and Uruguay and increased in Cuba,
Brazil, and Mexico. Cuba is a glaring example of
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the damaging power of smoking: the forgone
gains in adult male life expectancy caused by
smoking (20%---25% of current life expectancy at
age 50 years) were equivalent to the observed
total gains in survival experienced by Cuba in the
last 20 years; it took 20 years of unprecedented
progress to offset the losses that smoking was
silently inflicting during the same period.

Most of the differences between counterfac-
tual and observed life expectancies (over
85%) everywhere were associated with

reductions in heart and circulatory diseases as
well as cancers other than lung cancer. The
remaining differences were associated with
lung cancer. As expected, their magnitude was
larger in Argentina, Cuba, Chile, and Uruguay
but growing steadily in Brazil and Mexico.

DISCUSSION

In the last 50 years, Latin America and the
Caribbean has achieved a remarkable decline

in mortality rates, punctuated by occasional
setbacks caused by periodic economic crises.
Between 1960 and 2000, these countries
experienced increases in life expectancy at
birth of about 0.25 years per year, a pace
matched only by post---World War II Japan.1

At the outset, we conjectured that unless
offsetting changes are quickly found, mortality
decline will slow down as a result of unfavor-
able changes in smoking behavior among the
adult population. The impacts of past smoking
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behavior are likely to be amplified in the short
run even if older adults who currently smoke
cease to do so in the near future. Worse yet,
the spread of smoking in countries previously
unaffected by it will increase the load of
smoking-related deaths in the region. The
issue is not if the impact of past smoking
will be felt but rather when and how large it
will be.

The smoking epidemic is well established in
Latin America and the Caribbean, but coun-
tries are navigating through its various stages
at different speeds, and health and mortality
effects are heterogeneous. Additional cross-
country variability is a result of diversity in the
timing of onset and the success of tobacco
control policies. Yet the threat of important
shifts in mortality trends is there, particularly
where smoking initiation began earlier and
antismoking campaigns are more recent or
feebler. Our estimates of the effects of smoking
in the 6 Latin American---Caribbean countries
with the highest smoking prevalence are con-
sistent and remarkably robust to model speci-
fication. They suggest that during the last
decade, the impact of smoking is equivalent to
losses in male life expectancy at 50 years of 2
to 6 years. To date, these are only virtual, not
observed, losses; they represent how much
higher life expectancy at 50 years would be in
the absence of smoking.

Forecasts are always risky, but there are 2
regularities we can count on. First, in countries
with high smoking prevalence, current levels of
smoking among men and women aged 20 to
50 years should translate into virtual losses
equal to or larger than those calculated here.
No sophisticated machinery is needed to pre-
dict this, because smoking behavior has a mo-
mentum that takes years to disappear. Second,
given patterns of smoking initiation in coun-
tries in the early stages of the smoking epi-
demic, we expect the geographic spread and
replication of forgone gains in longevity al-
ready experienced by countries that started
earlier.

Will smoking behavior lead from virtual
losses to real losses in adult life expectancy?
Will the damage associated with smoking only
slow down future gains? Or will past smoking
become irrelevant? Uncertainty about these
issues is rooted in 2 areas, and both are fertile
grounds for policy interventions.

The first area is the future trajectory of
smoking incidence and prevalence. Will coun-
tries now in the early stages of the epidemic
contain it with timely and successful anti-
smoking campaigns? Will countries at ad-
vanced stages reduce smoking prevalence
and confine it to small pockets of risk
populations? Although the outcome will
depend on the efficacy of tobacco control
policies, one priority looms large for all
countries: the key target population ought to
be its youngest members. It is among the
youngest birth cohorts that the potential for
averted future losses of life expectancy is
largest.

The second area is attenuation of the effects
of smoking and containment of non---smoking-
related diseases. Do these countries have the
wherewithal to count on a steady stream of
future medical innovations for screening, de-
tection, and treatment to reduce fatality rates
from smoking- and non---smoking-related dis-
eases alike? In Latin America and the Carib-
bean, there is limited room for survival gains
derived from further reductions in infectious
diseases. Only interventions to reduce mortal-
ity risks from chronic diseases will offer more
than slight resistance to the harmful effects
produced by smoking histories. What we do
not know is whether the required stream of
medical innovations will emerge at all and, if it
does, whether it will be sufficient and timely
enough to blunt the damage already inflicted
by past smoking. j
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