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Introduction: Smoking prevalence has decreased considerably in Brazil from 34.8% in 1989 to
12.6% in 2019 owing to the implementation of strong tobacco control policies. However, recent
data show that the downward trend may be stagnating. Detailed analyses of historical smoking pat-
terns by birth cohort could guide tobacco control decision making in Brazil.

Methods: Using the 2008 Global Adult Tobacco Survey and the 2013 and 2019 National Health
Surveys, historical smoking patterns in Brazil were estimated, supplemented with data from the
2006-2019 Surveillance System of Risk Factors for Chronic Diseases by Telephone Interviews.
Age-period—cohort models with constrained natural splines were applied to estimate the annual
probabilities of smoking initiation and cessation, current smoker prevalence, and mean cigarettes
smoked per day by age, gender, and birth cohort. Analysis was conducted in 2021-2022.

Results: Current smoker prevalence has declined considerably since the 1950 and 1955 birth cohorts for
males and females, respectively, reflecting decreased smoking initiation and increased smoking-cessation
probabilities over time. Among female cohorts born on or after 2000, smoking initiation may be increasing
even as their smoking cessation has increased considerably. Mean cigarettes smoked per day has remained
relatively constant across period and cohorts, showing only a minor decrease among males.

Conclusions: These detailed cohort-specific smoking parameters can be used to inform models that
evaluate the impact of tobacco use and policies on long-term health outcomes and guide public health
decision making in Brazil. Stagnant mean cigarettes smoked per day, increasing female smoking initiation,
and limited improvement in male cessation among recent cohorts present challenges to tobacco control.
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INTRODUCTION

razil is considered a global leader in tobacco con-

trol because of its exemplary domestic tobacco

policies": prohibitions on many forms of
tobacco advertising dating back to the 1980s; a National
Program to Control Tobacco Use launched in 1989; rati-
fication and implementation of the WHO Framework
Convention on Tobacco Control in 2005 and 2006; and
comprehensive legislation in 2011 ensuring nationwide
smoke-free air law, increased tobacco taxes, and large
graphic health warnings on cigarette packs." A law ban-
ning flavors in tobacco products, including menthol, was
passed in 2012 but has yet to be implemented.’ Because
of these hard-won policies, smoking declined from
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34.8% in 1989 to 12.6% in 2019."”® However, smoking-
attributable deaths still make up 14.9% of all deaths
among males.” Further study of smoking patterns in
Brazil is still necessary for several reasons.

First, recent surveillance estimates suggest that past
declines are stagnating or possibly reversing for youth,
and detailed data could help explain their underlying
drivers. From 2015 to 2019, adolescent male smoking
prevalence remained constant, whereas adolescent
female smoking prevalence increased from 6.0% to
6.5%, """ although the change was not statistically sig-
nificant. Other recent analyses indicate widespread non-
compliance with laws prohibiting cigarette sales to
minors.'* Analyses of trends for Brazil are key to under-
standing historical patterns and what that means for
future projections of smoking in a country whose poli-
cies affect over 200 million people.

Second, monitoring national smoking prevalence and
its underlying components—initiation, cessation, inten-
sity—allows a comprehensive picture of smoking
dynamics across the population. Previous research on
trends in smoking in Brazil has focused almost exclu-
sively on smoking prevalence using data from an annual
non-nationally representative survey of residents in state
capitals (Surveillance System of Risk Factors for Chronic
Diseases by Telephone Interviews [VIGITEL])."” ™"
Most also examine smoking by age and period (calendar
year), with one recent exception that analyzed smoking
prevalence by birth cohort.'® These studies do not spe-
cifically analyze initiation and cessation behaviors, the
underlying drivers of overall smoking prevalence. Initia-
tion and cessation are addressed differently by tobacco
control policies and programs (preventing smoking initi-
ation among youth versus promoting successful cessa-
tion among adult smokers) and should therefore be
examined separately. The omission of smoking intensity
in trend analyses also precludes the evaluation of chang-
ing consumption patterns within the smoking popula-
tion, although some studies have attempted to do so.”"”
Understanding smoking intensity is critical to assess the
risk of lung cancer and chronic obstructive pulmonary
disease, which varies as a function of intensity and
duration.”*”'

Third, recent historical smoking trend analyses have
not been nationally representative. To date, studies have
relied on data from VIGITEL, an annual cross-sectional
survey conducted since 2006. However, VIGITEL partic-
ipants are exclusively based in state capitals capturing
only those aged >18 years representing ~25% of the
total urban population, 20% of Brazil’s total adult popu-
lation, and 17% of the smoking population.”>*’ More-
over, VIGITEL surveys participants with landlines, but
landline coverage has been decreasing and typically

belong to those at higher income levels. Therefore, low-
income populations are underrepresented and may dif-
fer in ways that sampling and poststratification weights
cannot correct for. Other health surveys are considered
nationally representative, such as the Global Adult
Tobacco Survey (GATS) and the Brazilian National Sur-
vey of Health (PNS), but smoking data are collected
through these surveys only sporadically.

Finally, detailed historical smoking analyses provide
important information when evaluating the effectiveness
of past and present tobacco control policies and facilitate
the development of tools that could support future deci-
sion making. The Cancer Interventional and Surveil-
lance Modeling Network (CISNET) has produced
detailed analyses of smoking histories by age, gender,
and birth cohort for the U.S. population.”**> CISNET
smoking histories characterize not only smoking preva-
lence but also smoking initiation, cessation, and inten-
sity (mean cigarettes smoked per day [CPD]). These
estimates are used for surveillance and evaluation of the
impact of tobacco control interventions on population
health.”*™"" The fitted models use the linear logistic
framework for estimating age, period, and cohort effects
on temporal trends. Hence, one important scientific con-
tribution of this application of statistical modeling is that
it explicitly estimates and accounts for birth cohort
effects, that is, the generational trends for each type of
smoking behavior. An earlier model of smoking in Brazil
quantified the public health benefit of its tobacco control
policies but did not use parameters specific to Brazil’s
unique smoking initiation and cessation trajectories.”
This study extends the CISNET methodology” to char-
acterize histories of smoking initiation, cessation, preva-
lence, and intensity for the population of Brazil by age,
gender, and birth cohort. These detailed estimates of his-
torical smoking patterns by birth cohort across the pop-
ulation can inform future tobacco control and public
health decision making in Brazil.

METHODS
Study Sample

Nationally representative smoking data were available through the
2008 GATS that was embedded in the National Household Sam-
ple Survey (n=39,425; response rate=94.0%), the 2013 PNS
(n=222,385; 86.0%), and the 2019 PNS (n=293,725; 93.6%).>'* All
the 3 were cross-sectional surveys designed to conduct individual
interviews on tobacco use, with similar questions on smoking
behaviors, employing a complex probabilistic sample with several
selection stages (e.g., census tracts, households, and individuals).
These data were pooled into 1 national data set and were used to
estimate smoking initiation, cessation, and intensity. However,
because of selection bias, these parameters require adjustment on
the basis of analysis of ever-smoker prevalence, for which detailed
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age patterns over time are necessary. Although the VIGITEL data
have limitations, they are collected annually and provide a good
resolution for such age patterns. Therefore, age patterns were sep-
arately analyzed from the annual 2006—2019 VIGITEL
(n=730,309; response rates ranged from 64.9% to 76.5%). The
VIGITEL age effects were then used as inputs to estimate period
and cohort effects from the national (GATS and PNS) data.
Details about the sampling designs for these surveys have been
reported previously.”' >

Information regarding never, current, and former smoking sta-
tus as well as information on the age of smoking initiation and
cessation were extracted from each survey. GATS and PNS data
were analyzed accounting for their sample weights. This study
used public, deidentified data.

Measures
This analysis defines smoking status on the basis of the use of
combustible tobacco. Survey questions refer to smoking any
tobacco product, which may include other noncigarette combusti-
ble tobacco products such as bidis, pipes, cigars, cigarillos, and
water pipes. However, cigarette smoking remains the dominant
form of combustible tobacco used in Brazil representing 97.6% of
overall smoking prevalence in 2019.°

Current smokers were those who smoked >100 cigarettes in
their lifetime and self-reported currently smoking any tobacco
products at the time of the survey. Former smokers smoked >100
cigarettes in their lifetime and reported that they smoked in the
past but currently do not smoke any tobacco products. Never
smokers were participants indicating that they never used tobacco
products or had not reached the lifetime 100 cigarettes use thresh-
old. Smoking intensity was obtained through questions ascertain-
ing daily or weekly cigarette use; cigarettes smoked per week were
converted into an average daily cigarette equivalent where 7 per
week would be considered 1 per day. Participants with smoking
histories self-reported age at initiation and cessation (Appendix
Table 1, available online).

Statistical Analysis

Age-period—cohort (APC) models were used to estimate the fol-
lowing age-specific smoking parameters by birth cohort (1950
—2000) and gender: smoking initiation and cessation probabili-
ties; the prevalence of ever, current, and former smoking; and
CPD (i.e., smoking intensity) among adults who were currently
smoking.”*** CPD smoked were categorized as (approximate
mean CPD within a category): CPD<5 (3), 5<CPD<15 (10),
15<CPD<25 (20), 25<CPD<35 (30), 35<CPD<45 (40), and
45<CPD (60).

VIGITEL covered a longer time span than the national data,
which provided better estimates of age trend patterns for ever-
smoker prevalence. However, the national surveys provided better
coverage for the country, so the analytical approach sought to cap-
ture the strengths of each set of surveys. First, an age-cohort logis-
tic regression model using only the VIGITEL data for ever-
smoker prevalence was used to estimate age and cohort effects.
Second, a model was fitted using the national data set to estimate
cohort effects, but the age effects from the VIGITEL analysis were
used by including these as an offset for the model. This assumes
that the VIGITEL surveys better capture the effect of age while at
the same time using the national to better summarize results for
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the country. Finally, APC logistic regression models were used to
estimate the probabilities of smoking initiation, cessation, and
intensity in the national data set because both period and cohort
effects are important to explain the temporal trends of these
smoking parameters. Because these analyses expand the time
frame using retrospectively collected information, it was possible
to obtain these estimates using only the national data. All analyses
accounted for sample weights using the survey package logistic
regression in R (Version 4.0).”” Initiation probabilities by cohort
were adjusted to produce predictions of ever-smoking prevalence
consistent with estimated ever-smoker prevalence at age 30 years
(Appendix, available online, provides details).

RESULTS

Results are presented for selected birth cohorts by gen-
der from 1950 to 2000 in 5-year intervals from 1955 to
2019. Results for additional birth cohorts are available
and can be downloaded at https://apps.cisnetsmoking
parameters.org/Brazil/.

Figure 1 shows age-specific smoking initiation proba-
bilities. Within each birth cohort, initiation probabilities
generally peak during adolescence and early adulthood
before declining thereafter. For all cohorts, initiation
probabilities are higher for males than for females. Initi-
ation probabilities have been decreasing by birth cohort
for males, with a rapid decrease from the 1960 to 1965
birth cohorts and the 1965 to 1970 birth cohorts.
Females showed similar patterns, except with slight
increases in initiation among the oldest (1950—1955)
and most recent (1995—2000) birth cohorts.

Figure 2 shows age-specific smoking-cessation proba-
bilities. Across all cohorts and genders, the likelihood of
cessation generally increases with age. Females show
higher cessation probabilities than males, especially in
recent birth cohorts. Among 1950—1955 male birth
cohorts, a slight bump occurs around ages 35—45 years,
which does not appear in more recent birth cohorts.
Cessation probabilities have been increasing in recent
cohorts. Female cessation shows dramatic increases
among birth cohorts born from 1990 onward. Among
males, there are similar increases in cessation but with-
out the larger changes exhibited by females.

Figure 3 shows age-specific current smoking preva-
lence. Prevalence remains higher among males than
among females and generally increases and peaks during
adolescence and young adulthood (maximum around
age 20 years) before declining through later adulthood.
Among males, current smoker prevalence was highest in
the 1950 birth cohort, declining consistently across birth
cohorts, with the lowest observed prevalence in the 2000
birth cohort. Females had a notable increase in smoking
from the 1950—1960 birth cohorts, before declining
hereafter. Although smoking among the 1960 female
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Figure 1. Age-specific smoking initiation probabilities (percentage) for selected 1950—2000 birth cohorts by gender in Brazil.
Note: An interactive version of this figure’s data can be found at https://apps.cisnetsmokingparameters.org/Brazil/.

birth cohort is quite the same as that among the 1955
cohort, substantial decreases occur in the 1965—1970
birth cohorts, reflecting a rapid decrease in initiation for
these birth cohorts.

Figure 4 shows age-specific mean CPD. Males have
higher estimated smoking intensity than females across
cohorts. Across all cohorts, smoking intensity increases
with age through middle adulthood, peaking around age
45 years. For females, only moderate declines in CPD

are observed at later ages, whereas males show notice-
ably steeper decreases in intensity at older ages, although
a minor second bump is observed in the 1950 birth
cohort. Peaks in mean CPD have remained constant
across female birth cohorts, but show a slight decline
with more recent male birth cohorts. Results for ever-
smoking prevalence, mean smoking duration, and pack-
years are shown in Appendix Figures 2—4 (available
online).
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Figure 2. Age-specific smoking-cessation probabilities (percentage) for selected 1950—2000 birth cohorts by gender in Brazil.
Note: An interactive version of this figure’s data can be found at https://apps.cisnetsmokingparameters.org/Brazil/.
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Figure 3. Age-specific current smoking prevalence for selected 1950—2000 birth cohorts by gender in Brazil.
Note: An interactive version of this figure’s data can be found at https://apps.cisnetsmokingparameters.org/Brazil/.

DISCUSSION

The smoking parameters generated by this study
improve the existing understanding of historical patterns
in Brazil by leveraging nationally representative surveys.
Current smoker prevalence has declined over the last
several decades, reflecting both decreased initiation and
increased cessation. Female smoking patterns show
slightly lower but rising initiation and higher cessation
probabilities than males, especially in the 2000 birth

cohort. However, female smoking initiation is stagnant
or even worsening for the most recent birth cohorts,
with an increase between the 1995—2000 cohorts, bring-
ing female initiation closer to that of males. Male smok-
ing initiation shows minor improvements in more
recent cohorts. This is consistent with adolescent smok-
ing data from school-based surveys that suggest stagna-
tion among males and possible increases among
females.'’ "
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Figure 4. Age-specific mean CPD for selected 1950—2000 birth cohorts by gender in Brazil.
Note: An interactive version of this figure’s data can be found at https://apps.cisnetsmokingparameters.org/Brazil/.

CPD, cigarettes smoked per day.
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The results also suggest that cessation probabilities
could be increasing among more recent birth cohorts,
especially for females. Societal changes, such as increases
in smoke-free workplaces and homes or devaluation of
Brazilian currency from 2017 to 2019 (reduced cigarette
purchasing power), may be contributing factors.’®”**
Although these data may signal encouraging trends, they
appear to conflict with 2013 and 2019 surveys showing
that the proportion of young adult women who made a
quit attempt decreased from 60.1% to 52.7%, and the
proportion who reported quitting in the past 2 years
decreased from 48.2% to 20.6%.°>"" It is not clear what
could cause this discrepancy. Estimates for more recent
birth cohorts are based on fewer years of data and youn-
ger respondents, making the estimates less reliable than
for cohorts with more information available across the
life course, but survey data on self-reported quit
attempts are also not directly comparable with APC esti-
mates of annual cessation probabilities. Future research
should determine the relationship between policy
changes, quit attempts, and long-term smoking cessation
among recent birth cohorts in Brazil.

Although other metrics of smoking prevalence, initia-
tion, and cessation have generally shown major
improvements over time and across birth cohorts, mean
CPD has remained stagnant for females and shown only
minor decreases for males. The absence of improve-
ments in smoking intensity may reflect the stagnant pol-
icy environment in Brazil. In recent years, no major
changes in tobacco control policies have occurred at the
national level, and some consumers may be migrating to
cheaper illicit cigarettes. The share of illicit cigarette con-
sumption as a proportion of total cigarette consumption
has fluctuated over the years, from 16.6% in 2008 to
31.1% in 2013 and then 42.8% in 2016. Since 2016, the
share has decreased; however, Brazil has one of the high-
est proportions of illicit cigarette consumption in the
world at ~39%.”*°"** In addition, cigarette minimum
prices and specific excise tax rates in Brazil remain
unchanged since 2016. Because the price of tobacco
products has not been adjusted for inflation or the
increased buying power of Brazilian consumers, the real
price of a pack of cigarettes has decreased for 4 consecu-
tive years since 2017, making them more
affordable.””*"** Rising cigarette affordability could
similarly influence initiation and cessation behaviors,
either by directly worsening trends or by slowing the
pace of progress. However, the methods used in this
study preclude direct causal inferences between policies
and smoking outcomes.

Although E-cigarettes are banned in Brazil, 0.6% of
the population (~1 million people) reported current E-
cigarette use in 2019, the majority of whom were young

adults.** Tt is unclear how E-cigarettes may influence
future smoking among young people. However, the cur-
rent ban limits the potential for E-cigarettes to alter
smoking trajectories among young people.

This is the first study to offer a comprehensive histori-
cal account of smoking behaviors by birth cohort across
Brazil’s population. Cohort analyses of smoking require
historical data covering a long period with samples that
include older and recent birth cohorts. High-income
nations benefit from long historical time-series data; for
example, the U.S. began collecting smoking data as early
as 1965.” Many low- and middle-income countries
(LMICs), including Brazil, have data limitations that
preclude such historical analyses. Although Brazil has a
nationwide surveillance system tracking tobacco use—
which many LMICs lack—when data are not collected
annually or with set frequencies, the absence of informa-
tion presents challenges for time-series analyses and
forecasting. The validated APC methodology pioneered
by CISNET, already extended to numerous U.S.
populations,”**>*****~°" has been adapted for Brazil,
allowing a thorough investigation of trends in smoking
because they have varied across cohorts and time.

The data generated from this study can be applied
to simulation models that aim to project the long-
term health outcomes associated with tobacco use
and policies in Brazil.’' Recent work has estimated
price elasticities of tobacco consumption,’” the mar-
ket effects of tobacco tax reforms,” and the effects of
smoke-free air laws on young adult smoking initia-
tion and cessation.” Future evaluations could simi-
larly quantify the separate effects on initiation and
cessation so that the impact of policies on smoking
prevention versus cessation is better understood.
These types of studies offer policy parameters that
could be combined with the smoking histories pro-
duced in this paper and collectively serve as inputs to
models of tobacco use and policy in Brazil.

This methodology can be similarly applied to LMICs.
However, other challenges remain. Unlike many LMICs
with scarcer resources, Brazil has comparatively more
data that can be used for smoking trend analyses.
Researchers may wish to explore creative ways to solve
such challenges. For example, the International Agency
for Research on Cancer estimates the burden of cancer
for countries with missing data by borrowing informa-
tion from nearby regions with similar health profiles.”
Another data challenge is the absence of consistent,
repeated measures of smoking over long periods. Even
in resource-rich countries, survey design changes can
present challenges for trend analysis. Researchers with
such data limitations will need to explore ways to har-
monize across data sources when necessary, whereas
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government health agencies must be careful to preserve
consistent measures in national surveys over time.

Future research should explore Brazilian smoking
trends and disparities as they relate to income, educa-
tion, race, and location. Geographic disparities reflect
variations in cigarette prices and smoking prevalence
across Brazilian states and are worthy of analysis.”'®
The study tells the history of smoking behaviors in Brazil
but does not identify which factors led to observed
changes. Other research methods should ascertain the
effects of policy changes on the trends revealed by this
study. Although this study precludes causal inference,
the recently observed stagnation in smoking patterns
suggests the potential need for increased tobacco control
efforts.

Limitations

This analysis is strengthened by its use of nationally rep-
resentative surveys on adult smoking in Brazil. However,
GATS and PNS surveys offer only 3 data collection peri-
ods, over 11 years. The study is also limited by its need
to combine data across surveys with different designs,
samples, and questions. To the extent possible, smoking
measures were harmonized across data sources. The
absence of consecutive years of survey data also limits
the number of observations included. To mitigate this,
information from the VIGITEL data on the effects of age
on smoking was integrated into the process of estimating
ever-smoker prevalence (Appendix, available online).
This assumes that age patterns of ever smoking in Brazil-
ian capitals are generalizable to the rest of the country.
Differences between the GATS and PNS were relatively
minor because they share similar complex sampling
designs and smoking questions, but the VIGITEL uses a
different survey design and sample entirely.”'
Although available data sources do not stretch back far-
ther into time, this is typical of many LMICs with less
epidemiologic infrastructure.

CONCLUSIONS

Brazil already meets many existing benchmarks for
tobacco control policies.”® However, there have been no
changes in cigarette minimum prices or specific excise
tax rates since 2016."" Substantial evidence indicates that
high cigarette taxes indexed to adjust for inflation and
rising incomes can reduce the affordability of cigarette
packs and increase government revenue while benefiting
public health.”’ "' Implementing the 2012 flavor ban
also has the potential for public health benefits but has
yet to be realized.” The data presented by this study
reflect historical patterns, but future smoking trends will
be shaped by policymakers’ willingness to take action
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and maintain Brazil’s status as a tobacco control leader
on the global stage.
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