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ABSTRACT

Objective To cross-validate estimates of the size of the
illicit cigarette trade based on the results of four different
survey methods.

Methods In 2018/2019, four non-industry-funded,
large-scale studies were conducted in selected Brazilian
cities: packs discarded in household garbage/PDG (1
city), packs littered in the streets/PLS (5 cities), a phone
survey of tobacco users’ purchase behaviors/VIGITEL (5
cities), and a face-to-face household survey of tobacco
users’ purchase behaviors/FTF-household (2 cities). The
proportions of illicit cigarettes consumed were based on
the price paid by smokers in their last purchase (VIGITEL
or FTF-household) and/or direct observation of brand
names and health warnings (PDG, PLS or FTF-household).
Results Based on PLS, the share of packs that avoided
taxation ranged from 30.4% (95% Cl 25.6% to 35.7%)
in Rio de Janeiro to 70.1% (95% Cl 64.6% to 75.0%)
in Campo Grande; and PDG conducted in Rio de Janeiro
found an even lower proportion point estimate of illicit
cigarette use (26.8%, 95% Cl 25.1% to 28.6%). In
FTF-household, the share of illicit cigarette consumption
based on the self-reported price ranged from 29.1%
(95% Cl 22.4% to 35.7%) in Rio de Janeiro to 37.5%
(95% CI31.2% to 43.7%) in Sao Paulo, while estimates
based on pack observation ranged from 29.9% (95%

Cl 23.3% to 36.5%) in Rio de Janeiro to 40.7% (95%
C134.3% to 47.0%) in Sao Paulo. For all cities, VIGITEL
presented the lowest levels of llicit consumption, and
most illicit brands were produced in Paraguay.
Conclusions Small differences in the estimated levels
of illicit trade across methods were found, except for

the phone survey. The cross-validation of estimates from
independent studies is important to help effectively
implement tobacco excise tax policy in Brazil and other
low-income and middle-income countries.

INTRODUCTION
Brazil has experienced a large decline in smoking
prevalence due to a complete package of tobacco
control policies implemented in the last three
decades.'™ Increases in tobacco excise taxes have
been part of this package. Real cigarette price
increases, particularly after the new cigarette excise
tax rates went into effect in 2012, likely acted
synergistically with other tobacco control policies
to reduce smoking prevalence.*’

However, because Brazil’s neighbouring country
Paraguay has lower taxes and prices, and part of
its production is directed illegally towards the

Brazilian market, a certain fraction of smokers likely
migrated to cheaper illicit cigarettes to save money,
thus increasing the proportion of illicit cigarette use
among individuals who did not stop smoking.®”

It is important to understand the expansion of the
illicit market, as it may undermine efforts to further
reduce smoking prevalence, mostly among lower
income smokers.® Moreover, in many low-income
and middle-income countries, the tobacco industry
is the only source of estimates of the size of the illicit
cigarette market, and it typically overestimates it to
claim that evidence-based tobacco control policies
result in an increased illicit market.”™!

In Brazil, cigarette purchase prices obtained
from two nationwide Face-to-Face Household
(FTF) surveys conducted in 2008 and 2013 by the
Brazilian government were used to estimate the
size of the illicit market (16.9% vs 32.3%).° More
recently, available information on official legal sales
provided by the Secretariat of Federal Revenues,'
and on cigarette consumption from a phone survey
conducted annually since 2006," have been used to
estimate trends in illicit cigarette use in Brazil (from
28.6% in 2012 to 42.8% in 2016).” Thus, Brazil’s
sustained and integrated nationwide monitoring
system, largely in accordance within Article 20 of
the WHO Framework Convention on Tobacco
Control (FCTC) (on research, surveillance and
exchange of information),’* has not only allowed
it to track the tobacco epidemic, but also to assess
the effectiveness of the tax policy implemented in
Brazil.

Although there is no single agreed method
for best estimating illicit trade, because different
approaches might be necessary to meet a variety of
market conditions, regulatory environments and/or
budget restrictions, there are potential issues with
the method used in the latest estimates of trends in
illicit cigarette use in Brazil.” In particular, the accu-
racy of the gap method used in those estimates might
be reduced if the proportion of under-reported
use has changed over time. Fortunately, there are
several other recognised methodologies to assess
the size of the illicit tobacco trade and to better
understand its characteristics.® *'7 In 2018/2019,
four different studies were conducted in Brazilian
state capitals, each generating estimates of the size
of the illicit cigarette market: (1) systematic inspec-
tion of cigarette packs discarded in household
garbage/PDG; (2) systematic inspection of cigarette
packs littered in the streets/PLS; (3) a phone-survey
of tobacco users’ purchase behaviours/VIGITEL
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and (4) a FTF survey of tobacco users’ purchase behaviours/
FTF-household. These approaches make it possible to achieve
the major aim of the present study: to cross-validate estimates
from different methods to understand the possible methodolog-
ical limitations of single methods which are important for the
implementation of tobacco tax policy in Brazil and in other low-
income and middle-income countries. To our knowledge, our
study represents the first-ever detailed comparison of more than
two methods'” to estimate the size of illicit cigarette trade based
on evidence from large-scale studies.

METHODS

This study used data from four different methods, as follows:

The PDG survey

The PDG study was conducted from January to December of
2018 in Rio de Janeiro city,'® in partnership with COMLURB
(Companhia Municipal de Limpeza Urbana), the firm that
routinely collects household garbage in all neighbourhoods of
the city (around 145 000 tons/month).

The applied research unit of COMLURB collected an addi-
tional 24 tons/year of household garbage for its regular research
on recycling behaviour. The sample size for each neighbourhood
was proportional to the total average monthly amount of house-
hold garbage collected in each of the 156 neighbourhoods of
the city."”” Although household garbage was not systematically
collected, the COMLURB allocated trucks to cover the most
populous residential streets within each neighbourhood. The
trucks followed a predetermined route and moved block by
block until the defined sample size of household garbage was
achieved. This sampling strategy also made the sample propor-
tional to both the number of people and the expected number of
smokers living in each neighbourhood (see online supplemental
figure 1)."7%!

The COMLRUB employees were instructed to separate all
PDG by neighbourhoods at no additional cost to the firm. Then,
tobacco control experts from the Brazilian National Cancer
Institute coded cigarette packs based on a structured set of ques-
tions related to packs’ characteristics, such as brand name, pres-
ence of official tax stamp, and health warnings. With Brazil’s
tracking and tracing system in place since 2007, with direct
monitoring of manufacturing facilities to avoid tax evasion, it
should be theoretically straightforward to unequivocally deter-
mine whether the proper Brazilian tax was paid for a given ciga-
rette pack. However, the system’s unique pack identifiers are
part of Brazil’s excise tax stamp, which is torn and destroyed
when a smoker opens their pack. Therefore, information about
the pack’s unique identifying number or about the presence of
tax stamp itself could not be used for illicit cigarette pack identi-
fication. So, we used the direct observation of brand names and
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health warnings approved on the Brazilian market by the Health
Regulatory Agency (ANVISA, Agéncia Nacional de Vigilincia
Sanitdria)*** to distinguish legal and illicit packs.

Neighbourhoods’ specific sampling weights based on the
amount of household garbage collected were used to estimate
the overall share of illicit packs and respective 95% CI in Rio
de Janeiro.

The PLS survey

The PLS survey, conducted between January and April 2019,
was aimed at understanding the proportion of illicit cigarettes
consumed in five Brazilian state capitals (Rio de Janeiro, Sio
Paulo, Campo Grande, Belo Horizonte and Jodo Pessoa). The
PLS was a weighted probabilistic sample survey with one selec-
tion stage (n=70 census tracts per city) based on the probability
of smoking (figure 1; see detailed sampling strategy in online
supplemental appendix 1).2°2!

Data collectors were instructed to pick up all packs littered in
selected census tracts. The same criteria used for the PDG survey
to distinguish between legal and illicit packs was applied to the
PLS survey.>

We used census tracts’ specific sampling weights to estimate
the share of illicit packs and 95% CI in each city.

The FTF-household survey

The FTF-household survey was also conducted in Rio de Janeiro
and Sao Paulo between January and April 2019. We used infor-
mation on smoking prevalence’” and gender-age distribution
for census tracts selected for the PLS survey (see online supple-
mental appendix 1),*' to predict the gender—age distribution of
the smoking population and determine the quota of smokers to
be interviewed (n=11 per census tract).

To estimate the proportion of individuals using illicit ciga-
rettes (FTF-householdpriceindiv), we first calculated the price
paid per pack in each smoker’s last purchase by combining two
questions: “The last time you bought manufactured cigarettes for
yourself, how many cigarettes did you buy?’ and ‘In total, how
much money did you pay for this purchase?’. Illicit consumption
was based on individuals who reported having paid less than the
minimum price established by law,’ that is, 5.0 Rreais per pack.
Individuals who reported having bought single sticks (around
5%) were excluded from the analysis because it was impossible
to define a valid criterion for the cut-off price point. In general,
single stick vendors charge high retail margins, therefore, the
price of a single cigarette, even an illicit one, is usually much
higher than the minimum established price.

Smokers who reported having bought at least one cigarette
pack in their last purchase were asked to physically show the last
pack they had bought so that interviewers could take pictures
of it (81.7% in Sao Paulo, 91.7% in Rio de Janeiro). In order to

* Survey data® used to model the relationship between age, sex, income
and smoking probability in Brazil

* Data on age, sex and income distribution in each census tract?! and the
modelled probabilities used to predict smoking prevalence in each census

* Predicted smoking prevalence used to select a sample of
census tracts using probability proportional to size (PPS)
method

Sampling of census tracts using predicted smoking prevalence and PPS.

2

Szklo AS, et al. Tob Control 2020;0:1-8. doi:10.1136/tobaccocontrol-2020-056060

‘1ybuAdoo Ag pa1oaiold "1aoue) ap [euoioeN
onsu| - YONI e TZ0Z ‘9T J8qWIBAON U0 /wod"[Wig’|011u02029.g0//:d1Y Wolj Papeojumod 0Z0Z J18qWIBAON £T U0 090950-0202-101u02020.q0}/9ETT 0T SB paysignd 1siy :j0nuod qoL


https://dx.doi.org/10.1136/tobaccocontrol-2020-056060
https://dx.doi.org/10.1136/tobaccocontrol-2020-056060
https://dx.doi.org/10.1136/tobaccocontrol-2020-056060
https://dx.doi.org/10.1136/tobaccocontrol-2020-056060
https://dx.doi.org/10.1136/tobaccocontrol-2020-056060
https://dx.doi.org/10.1136/tobaccocontrol-2020-056060
http://tobaccocontrol.bmj.com/

Original research

strengthen the comparisons between the FTF-household survey
and the PLS/PDG surveys, we applied the same criteria to esti-
mate the proportion of individuals using illicit cigarettes (FTF-
householdbrandindiv). Finally, the proportions of illicit yearly
cigarette consumption in Rio de Janeiro and Sio Paulo (FTF-
householdbrandcigarette and  FTF-householdpricecigarette)
were estimated by also using information on consumption inten-
sity from the FTF-household survey, which was based on two
questions: ‘Do you currently smoke?’; and ‘On average, how
many cigarettes do you smoke per day?’.

To establish aboundary between legal brands sold with discount
and legal brands that did not pay taxes (‘domestic tax evasion’),
we defined a ‘threshold price’ (TP) based on the minimum legal
price multiplied by the relative difference between the average
price per pack paid by smokers of legal cigarettes who bought more
than one pack in their last purchase and the average price paid
by those who bought only one pack (—6%). Thus, legal brands
authorised by ANVISA*? with the presence of Brazilian health
warnings® that were sold below the TP, that is, below 4.7 Reais,
were also coded as illicit (FTF-householdpricebrandcigarette
and FTF-householdpricebrandindiv).

Information on the country of origin was collected (for PLS
and PDG surveys also), which allowed us to estimate the propor-
tion of illicit cigarette consumption from Paraguay, a known
route of illicit trade.”*

Self-reported information on the cigarette brand name in each
smoker’s last purchase was also available, thus allowing us to
perform a sensitivity analysis including smokers who did not
show the pack of their last purchase. For these smokers, illicit
consumption was based on individuals who (1) reported having
paid less than TP for a cigarette brand authorised by the ANVISA
or (2) reported having bought an illicit cigarette brand.

For all FTF-household estimates, we used sampling weights
based first on the estimated number of smokers in selected census
tract, and then on census tracts’ specific sampling weights, to
estimate the share of individuals and packs that avoided taxation
and 95% ClI in each city.

The VIGITEL phone survey

VIGITEL (Vigildncia de Fatores de Risco e Protecdo para
Doengas Cronicas por Inquérito Telefénico) is a telephone survey
conducted annually since 2006, between January and December,
among adults with landlines living in all 27 Brazilian state capi-
tals." In the sampling process, VIGITEL uses landline telephone
registry to randomly select households' 2°; then, following
a second sampling stage, one adult per household is selected.
The poststratification weighting to compensate low coverage is
used to minimise potential selection bias, particularly because
smokers without landlines are more likely to be from lower
socioeconomic groups. Detailed methods have been published
elsewhere."

In 2018, the same questions on manufactured cigarette
consumption, and on the amount and price paid by smokers in
their last purchase, used for the FTF-household survey allowed
us to estimate both the proportion of individuals using illicit
cigarettes (VIGITEL-indiv) and the proportion of illicit cigarette
consumption (VIGITEL-cigarette) among the residents of the
five Brazilian state capitals selected for the PLS survey. Unfortu-
nately, no brand information was available.

STATA V.15.0 was used to account for the complex sample
weights.?

Table 1  Proportion of individuals using illicit cigarettes by selected Brazilian state capital and survey methods, 2018-2019
FTF-household
City/ilicit FTF-householdpriceindiv*tt  FTF-householdbrandindiv§f**+  FTF-householdpricebrandindiv§ftt**+  VIGITELindivi$§§11
Rio de Janeiro
% of individuals 27.7 (22.6-34.0) 29.1 (23.5-35.5) 31.2 (25.4-37.6) 8.2 (4.3-15.1)

Sao Paulo

% of individuals 32.1(27.3-37.3) 36.4 (30.8-42.3)
Campo Grande

% of individuals n.avail. n.avail
Belo Horizonte

% of individuals n.avail. n.avail
Joao Pessoa

% of individuais n.avail. n.avail

37.5(32.2-43.2) 18.8 (10.9-30.5)
n.avail 26.4 (16.4-39.1)
n.avail 14.9 (8.6-24.6)
n.avail 20.8 (9.9-38.2)

*Individuals who reported having bought at least one cigarette pack in their last purchase and who informed having paid less than minimum price established by law, that is,

less than 5.0 Brazilian Reais per pack.

tWe excluded smokers who did not provide information on self-reported price per pack (0.8% in Sao Paulo and 0.0% in Rio de Janeiro).
$P>0.150 in Pearson  tests for comparison of two proportions with sampling weight across FTF-household methods for Rio de Janeiro or Sao Paulo.
§91.7% and 81.7% of smokers interviewed in Rio de Janeiro and Sao Paulo, respectively, physically showed the pack of their last purchase at the moment of the interview and

were included in the analysis.

fIWe used the official list of legal brands authorised by the Brazilian Health Regulatory Agency and the direct observation of the presence/type of Brazilian health warnings to

establish a boundary between both legal and illegal markets.

**The overall number of packs collected/showed was, as follows: for the FTF-householdbrand, Rio de Janeiro (680), and Séo Paulo (598).
ttLegal brands authorised by the ANVISA with the presence of Brazilian health warnings, but sold below 4.7 Brazilian Reais were also coded as illegal.
+£The overall number of smokers who provided information on the amount and price paid in their last purchase was, as follows: Rio de Janeiro (154), Sao Paulo (188), Campo

Grande (119), Belo Horizonte (165) and Jodo Pessoa (80).

§§We excluded smokers who did not provide information on self-reported price per pack (18.9% in Rio de Janeiro, 14.7% in Sao Paulo, 26.9% in Campo Grande, 6.4% in Belo

Horizonte and 7.8% in Jodo Pessoa).

191P<0.050 in Pearson y? tests for comparison of two proportions with sampling weight (VIGITEL vs any other survey method).

FTF, Face-to-Face Household; n.avail., not available.
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Table 2 Proportion of illicit cigarette consumption by selected Brazilian state capital and survey methods, 2018-2019

FTF-household

FTF-householdpricecigare

City/llicit PLS*t tte$§t tef***t

FTF-householdbrandcigaret

FTF-householdpricebrandcigaret

tef**tt*t PDG*t VIGITEL-cigarette++§§11

Rio de Janeiro

% of cigarettes 30.4 (25.6-35.7) 27.8 (21.6-34.1) 29.9 (23.3-36.5)

Séo Paulo
% of cigarettes 46.3 (36.4-56.6) 36.5 (30.9-42.1) 40.7 (34.3-47.0)
Campo Grande
% of cigarettes 70.1 (64.6-75.0) n.avail n.avail
Belo Horizonte
% of cigarettes 66.3 (61.8-70.6) n.avail n.avail
Jodo Pessoa
% of cigarettes 55.3 (50.4-60.2) n.avail n.avail

31.7(25.0-38.4) 26.8 (25.1-28.6) 9.3(3.7-14.9)

42.0 (36.0-48.0) na. 20.1(6.3-33.9)
n.avail n.a. 27.9(12.7-43.1)
n.avail n.a. 19.1 (7.3-30.8)
n.avail n.a. 26.2 (8.3-44.1)

*The overall number of packs collected/showed was, as follows: for the PLS, Rio de Janeiro (1,251), Sdo Paulo (1760), Campo Grande (3907), Belo Horizonte (784), and Jodo Pessoa (1051); for the FTF-householdbrand, Rio

de Janeiro (680), and S&o Paulo (598); for the PDG, Rio de Janeiro (2705).

+P>0.136 in Pearson x” test for comparison of two proportions with sampling weight across PLS, FTF-household and PDG for Rio de Janeiro or S&o Paulo (except for Sao Paulo: PLS vs FTF-householdpricecigarette, p=0.092).
#Individuals who reported having bought at least one cigarette pack in their last purchase and who informed having paid less than minimum price established by law, that is, less than 5.0 Brazilian Reais per pack.

§We excluded smokers who did not provide information on self-reported price per pack (0.8% in Sao Paulo and 0.0% in Rio de Janeiro).

9191.7% and 81.7% of smokers interviewed in Rio de Janeiro and Sao Paulo, respectively, physically showed the pack of their last purchase at the moment of the interview and were included in the analysis.

**We used the official list of legal brands authorised by the Brazilian Health Regulatory Agency and the direct observation of the presence/type of Brazilian health warnings to establish a boundary between both legal and

illegal markets.

ttLegal brands authorised by the ANVISA with the presence of Brazilian health warnings, but sold below 4.7 Brazilian Reais were also coded as illegal.
+$The overall number of smokers who provided information on the amount and price paid in their last purchase was, as follows: Rio de Janeiro (154), Séo Paulo (188), Campo Grande (119), Belo Horizonte (165), and Jodo

Pessoa (80).

§§We excluded smokers who did not provide information on self-reported price per pack (18.9% in Rio de Janeiro, 14.7% in Sao Paulo, 26.9% in Campo Grande, 6.4% in Belo Horizonte and 7.8% in Jodo Pessoa).
9191P<0.050 in Pearsony? tests for comparison of two proportions with sampling weight (VIGITEL vs any other survey method, except for Sao Paulo/FTF-householdpricecigarette (p=0.061)).
FTF, Face-to-Face Household; n.a., not applicable; n.avail., not available; PDG, packs discarded in household garbage; PLS, packs littered in the streets.

RESULTS

Tables 1 and 2 present estimated proportions of illicit cigarette
users and consumption, respectively, from different survey
methods by city (Rio de Janeiro, 4 survey methods; Sao Paulo,
3 survey methods; and Campo Grande, Joao Pessoa and Belo
Horizonte, 2 survey methods). There was a substantial differ-
ence in illicit trade levels among the cities, with Campo Grande
having the highest and Rio de Janeiro having the lowest propor-
tion point estimates of both individuals using illicit cigarettes (eg,
26.4% vs 8.2%) and illicit cigarette consumption (eg, 70.1% vs
30.490). In addition, for each city, the proportion point estimate
of individuals using illicit cigarettes was lower than the propor-
tion of illicit cigarettes consumed.

There were also differences in estimated illicit trade levels
among the methods, with the VIGITEL survey finding the
lowest levels of illicit consumption. Specifically, we found that
proportion point estimates for individuals using illicit ciga-
rettes ranged from 8.2% (VIGITEL-indiv) to 31.2% (FTF-
householdpricebrandindiv) in Rio de Janeiro and from 18.8%
(VIGITEL-indiv) to 37.5% (FTF-householdpricebrandindiv) in
Sao Paulo. We also found that point estimates of illicit yearly
cigarette consumption ranged from 9.3% (VIGITEL-cigarettes)
to 31.7% (FTF-householdpricebrandcigarette) in Rio de Janeiro,
and from 20.1% (VIGITEL-cigarettes) to 46.3% (PLS) in Sio
Paulo. Moreover, although Cls overlapped, PDG point estimate
of illicit cigarette consumption was lower than that found for
PLS survey in Rio de Janeiro, (26.8% vs 30.4%).

When we also considered legal brands authorised by the
ANVISA with the presence of Brazilian health warnings, but
sold below 4.7 Brazilian Reais, point estimates of illicit ciga-
rette consumption for Rio de Janeiro (31.7%) and Sio Paulo
(42.0%) were, respectively, only 6.0% and 3.2% higher than
estimates based on ‘direct observation of the pack’ (table 3), thus
suggesting that ‘domestic tax evasion’ was not a common illicit
practice for Rio de Janeiro and Sao Paulo (see also online supple-
mental figure 2). Moreover, table 4 shows that the vast majority
of illicit brands were produced in Paraguay.

Our sensitivity analysis (table 3) found that, when we combined
estimates of illicit cigarette consumption from all smokers, final
results were quite similar to the ones based only on smokers
who showed the pack of last purchase (Rio de Janeiro, 30.3% vs
31.7%j Sio Paulo, 40.5% vs 42.090).

DISCUSSION

Although Brazil was one of the most successful countries at
reducing tobacco prevalence in recent years,” 2° overall, the
high rates of illicit cigarette consumption found in the selected
Brazilian state capitals highlight the fact that the effectiveness of
the tax policy implemented after 2011 in Brazil may have been
undermined. The high levels of illicit trade likely result from
weak law enforcement, little commitment to controlling the
supply chain, a culture of purchasing illicit products, and a lack
of international cooperation with Paraguay, the overwhelming
main source of illicit cigarettes.® >’

Moreover, we found some differences in the estimated levels
of illicit trade based on different recognised methodologies.
Those differences reflect the possible methodological strengths
and weaknesses of each method. First, we found differences in
estimates from the two methods that used discarded pack obser-
vations: PDG and PLS. Specifically, in Rio de Janeiro, the PDG
survey showed a lower point estimate of tax evasion than the
PLS survey. While this source of direct evidence is potentially
very informative, it is important to investigate the possibility of
selection bias.***! Lower-income smokers and/or heavy smokers,
particularly those living in low-and-middle-income countries,
who typically smoke more illicit cigarettes,’ may be more likely
to litter in the streets than their counterparts.’” ** Heavy smokers
may be also more likely to smoke inside their residences and,
therefore, to discard packs in the household garbage, because
they smoke more cigarettes per day and are more sedentary than
light smokers.® * Still, the estimate of tax evasion based on the
PDG survey may be less biased and, as a consequence, lower than
the corresponding estimate based on the PLS survey because: (1)
in recent years, in Brazil, smokers and nonsmokers have been less
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Table 3  Proportion of illicit cigarette consumption by self-reported price and/or pack characteristics

Rio de janeiro Sao paulo

Illicit cigarette Illicit cigarette

FTF-household N % N %

Smokers who showed the pack of their last purchase at the moment of the interview (n=680 Rio de - - - -

Janeiro; n=598 Sao Paulo)
Direct observation of the pack (FTF-householdbrandcigarette)*t 199 29.9 (23.3-36.5) 218 40.7 (34.3-47.0)
Self-reported price per pack (FTF-householdpricecigarette)+§t 199 29.1 (22.4-35.7) 200 37.5(31.2-43.7)
Direct observation of the pack complemented with self-reported price below threshold price (FTF-hous 213 31.7 (25.0-38.4) 225 42.0 (36.0-48.0)
eholdpricebrandcigarette) It

All smokers (n=742 Rio de Janeiro; n=724 Sao Paulo) 222 30.3 (24.0-36.6) 260 40.5 (34.9-46.0)

“Final combined” illicit cigarette use***t

Smokers who showed the pack of their last purchase and all smokers. Rio de Janeiro and Sao Paulo cities, 2019.
*We used the official list of legal brands authorised by the Brazilian Health Regulatory Agency and the direct observation of the presence of Brazilian health warnings to define

the legal status.

+P>0.300 in Pearsony? tests for comparison of two proportions with sampling weight across methods for Rio de Janeiro or Sao Paulo.
tIndividuals who reported having bought at least one cigarette pack in their last purchase and who informed having paid less than the minimum price established by law, that

is, <5.0 Brazilian Reais per pack.

§We excluded smokers who did not provide information on self-reported price per pack (0.2% in Sao Paulo and 0.0% in Rio de Janeiro).

9lLegal brands authorised by the ANVISA with the presence of Brazilian health warnings, but sold below 4.7 Brazilian Reais were also coded as illegal.

**For smokers who did not show the pack of their last purchase, illegal consumption was based on (1) individuals who informed having paid less than 4.7 Brazilian Reais for a
cigarette brand authorised by the ANVISA or (2) who informed having bought an illicit cigarette brand.

FTF, Face-to-Face Household.

exposed to secondhand smoking inside their own households
due to the increasing denormalisation of tobacco use and aware-
ness of tobacco-related harms to others,' 3*** thus likely contrib-
uting to a reduction in the expected difference in the probability
of discarding in the household garbage between heavy and light
smokers; (2) although selection of PLS’ census tracts made sure
that geographical regions representing all socio-economic strata
were in the sample, even in the wealthiest districts, lower-income
individuals might be more likely to be out on the streets>®; (3) it
is also possible that littering in the streets per se likely provides
more biased estimates of illicit consumption than discarding
garbage in the residence, as smokers who litter in the streets are
flouting the law and, therefore, it is reasonable to consider that
they may also be more likely to circumvent tax laws, irrespective
of the degree of nicotine dependence.'” **

Different periods of data collection (eg, PLS was mostly
conducted during summer time), different sampling frames to
represent the city of Rio de Janeiro, and the likely different prob-
abilities of the inclusion of littered packs from non-residents may

have also partially explained the differences found between the
PLS and the PDG surveys.

Recruitments for the FTF-household surveys in Rio de Janeiro
and Sio Paulo were partially based on a ‘non-probabilistic
sampling design’ involving a quota sampling strategy, and there-
fore differences in socioeconomic status and smoking behaviours
between ‘gender—age quota’ and ‘gender—age real sample’ of
smokers living in selected census tracts may have biased esti-
mates of FTF-household surveys. Indeed, the proportions of
smokers with a low educational level and high nicotine depen-
dence were higher in the household surveys than those expected
for the Rio de Janeiro and Sao Paulo smoking population (see
online supplemental table 1).2° 2! On the other hand, FTF-
householdbrand was not subjected to the likely systematic differ-
ence between illicit and non-illicit cigarette smokers with regard
to discarding packs on the streets or in the household garbage.
Moreover, one may consider that this method was essentially the
same as direct observation of the pack (ie, similar to the ‘gold-
standard’ measure) since we only included smokers who had the

Table 4 Proportion of illicit cigarette consumption from Paraguay*, according to PLS, FTF-householdbrandcigarette, or PDG survey, 2018-2019

City PLSt FTF-householdbrandcigarettet PDGt
Rio de Janeiro

% of brands from Paraguay 100.0 100.0 99.6 (98.8-99.9)
Sao Paulo

% of brands from Paraguay 99.7 (98.9-99.9) 100.0 n.a.
Campo Grande

% of brands from Paraguay 99.7 (99.5-99.9) n.avail. n.a.
Belo Horizonte

% of brands from Paraguay 99.6 (97.8-99.9) n.avail. n.a.
Joao Pessoa

% of brands from Paraguay 96.8 (94.5-98.2) n.avail. n.a.

*Based on ‘direct observation of the pack'.

tWe excluded illicit packs which did not provide information on the country of origin (missing or not visible/legible on the packs): PLS, Rio de Janeiro 3.1%, Sao Paulo 0.8%,
Campo Grande 15.4%, Belo Horizonte 18.6%, and Jodo Pessoa 3.5%; FTF-householdbrandcigarette, Rio de Janeiro, 27.6% and Sao Paulo, 42.8%; PDG, Rio de Janeiro 1.5%.
FTF, face-to-face household; n.a., not applicable; n.avail., not available; PDG, packs discarded in household garbage; PLS, packs littered in the streets.
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pack of their last purchase with them during the interview. It is
worth noting that the small relative difference in point estimates
of illicit cigarette consumption between direct observation of
the pack (FTF-householdbrandcigarette) and self-reported price
(FTF-householdpricecigarette) strengthens the validity of using,
at no additional cost, information based on purchasing prices
obtained from a representative FTF survey (the National Health
Survey-PNS) conducted every 5 years since 2008 by the Brazilian
government to produce estimates of illicit cigarette use in the
country.”” Furthermore, as self-reported brand information will
start to be routinely collected in the next PNS surveys, we will
be able to combine price and brand information moving forward
to learn more about the illicit market in Brazil.

Estimatesbasedonpurchasingprices (FTF-householdpriceindiv,
FTF-householdpricecigarette, FTF-householdpricebrandindiv,
FTF-householdpricebrandcigarette, VIGITEL-indiv and
VIGITEL-cigarette) likely have some recall or rounding bias.’!
Moreover, there may be an increasing tendency over time to
under-report average daily cigarette consumption due to the
growing social disapproval associated with smoking, particu-
larly among heavy smokers, thus resulting in lower estimates of
illicit yearly cigarette consumption.”” ** It is worth mentioning
that because VIGITEL and FTF-householdprice only used one
criterion (ie, purchasing price) to determine the legal status of
a pack, this could also partially explain the lower share of illicit
packs found using these methods. Finally, the likely differential
information bias on lower smoking prevalence and lower ciga-
rette consumption related to conducting phone surveys across
different socioeconomic status groups may have also explained
the even lower estimates of illicit cigarette consumption found in
the VIGITEL survey.” "%

The VIGITEL survey uses a telephone landline sampling frame
and therefore may not represent the totality of individuals of the
cities surveyed," *' #° 3% particularly because smokers without
landlines are more likely to be from lower socioeconomic groups
and may also respond differently to smoking behaviour questions
than smokers with higher socioeconomic groups in the VIGITEL
survey (eg, may consume more illicit cigarettes).® > Moreover,
the high proportion of missing information for the amount and
price paid by smokers in their last purchase (around 15%) may
have increased selection bias. Still, given its annual collection,
the VIGITEL survey may be particularly useful for the purpose
of tracking trends over time in illicit cigarette use among its
target population.” %* In order to reduce selection bias, Brazil
could consider adding the brand question and/or expanding the
VIGITEL survey to include the population segment with mobile
phone. Data from the VIGITEL survey is also being used to esti-
mate trends in illicit cigarette use for the whole country by annu-
ally comparing Brazil’s tax-paid sales with individually reported
consumption from the VIGITEL survey.” In 2018, for instance,
the proportion of illicit cigarettes consumed in Brazil was esti-
mated at 31.4%,*" which was almost 20 percentage points lower
than the estimate provided by the tobacco industry (49.6%).*
The national estimate of illicit consumption for 2018 was closer
to the estimates found in this paper for the two most populous
Brazilian cities, that is, Rio de Janeiro and Sao Paulo, than to
those found for the other three cities included in the PLS survey,
although, all together, these five cities represent only 12.8% of
the Brazilian smoking population.?’

Apart from findings about differences among estimates coming
from different methods, our results reveal some interesting
patterns regarding illicit cigarette use within the studied popu-
lations. In particular, the PDG survey showed, as expected,®
that poorer neighbourhoods had higher proportions of illicit

cigarette use (online supplemental table 2). And both the FTF-
household and the VIGITEL surveys also showed high internal
consistency. For instance, illicit cigarette consumption was posi-
tively associated with the amount of daily cigarette consumption
and low educational level (online supplemental table 3).

Not surprisingly, smokers who live in Campo Grande, a
border state with Paraguay, presented a high proportion of
illicit consumption. The high proportion of illicit consump-
tion found in Jodo Pessoa, either using the PLS or the VIGITEL
survey methods, a city located in a poor economic region of
the country, where law enforcement is also weak,™ *” suggests
that smugglers may be exploring ‘new markets’ for illicit ciga-
rettes consumption in Brazil. In this sense, our findings may also
create opportunities for the health sector in Brazil (and in other
countries) to more assertively promote WHO FCTC multisec-
toral measures through the full implementation of article 15 of
the WHO FCTC and the Protocol to Eliminate Illicit Trade in
Tobacco Products.'* As the Brazilian tax stamp is usually broken,
and sometimes lost, when the pack is opened (online supple-
mental table 4), the track and trace system should have the secu-
rity feature (stamp) with the unique identifier attached to the
packaging in such way that the unique identifier is still visible
once the pack is open, thus helping with the assessment of the
size of the illicit market. While the tracking and tracing system
is designed to prevent tax evasion by legitimate manufacturers,
it cannot address the problem of illicit cigarettes being produced
in illegal factories or smuggled across the border. Using licenses
and movement control to secure the supply of manufacturing
equipment and raw tobacco needed for cigarette production will
alleviate the problem of illegal factories. Tighter border control
and pressure on countries that are sources of illicit cigarettes to
better control their tobacco companies will address the cigarette
smuggling problem.

CONCLUSIONS
The tobacco industry has a long history of well-resourced oppo-
sition to effective tobacco control measures, including efforts to
subvert tax policies.® 2 = In Brazil, cigarettes are subjected
to a tax levied on the manufacturing of products (IPI, Imposto
sobre Produtos Industrializados), which was last updated 4 years
ago (ie, in 2016).” The negative consequences of not increasing
final retail prices are expressed in the recently published WHO
report on the global tobacco epidemic that showed that the most
sold brand of cigarettes in Brazil has become more affordable.*’
The promotion of independent studies using feasible method-
ologies to estimate the amount of illicit cigarette consumption in
the country over time, as well as the subsequent cross-validation
of these estimates to understand possible methodological differ-
ences and applicability, when resources permit, is of paramount
importance to help effectively implement tobacco excise tax
policy in Brazil and in other low-income and middle-income
countries.
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What this paper adds

» In many countries, the tobacco industry is the only source
of estimates of the size of the illicit cigarette market, and
consistently, overestimates it to claim that evidence-based
tobacco control policies will result in an increased illicit
cigarette market

» This study represents the first-ever detailed comparison of
more than two methods—systematic inspection of cigarette
packs discarded in household garbage (or littered in the
streets or showed during a face-to-face household interview),
a phone (or a face-to-face household) interview about
tobacco users’ purchase behaviours—to estimate the size of
illicit cigarette trade based on the evidence from four non-
industry-funded, large-scale studies conducted in selected
Brazilian cities.

» Large differences in the estimated levels of illicit trade across
cities were found. On the other hand, only small differences
across methods were found, except for the phone survey.
The cross-validation of estimates of the illicit market from
independent studies to understand their methodological
differences and applicability is of paramount importance to
help effectively implement tobacco excise tax policy in Brazil
and in other low-income and middle-income countries.
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®Health Policy and Administration, School of Public Health, University of Illinois at
Chicago, Chicago, lllinois, USA

Acknowledgements We thank the Non-communicable Diseases Surveillance and
Health Analysis Department of the Health Surveillance Secretariat of the Ministry of

Health (DASNT/SVS/MS) team working with the VIGITEL system for making available
the database, and for their general support. We would also like to thank the staff at
COMLURB of Rio de Janeiro.

Contributors ASS participated in the data processing, data analysis and as lead
author in the elaboration/preparation of the article. RI, VCF, PRBdSJ, ATM, LFLM and
HN participated in the data processing, data analysis and elaboration/preparation
of the article as coauthors. MS, KW and JD participated in the consultancy for data
analysis and elaboration/preparation of the article as coauthors.

Funding This work was supported by an agreement with Johns Hopkins University
with funds from the Bloomberg Philanthropies and additional support from the
American Cancer Society and the Pan American Health Organization. The funder had
no direct involvement in the analysis and interpretation of the data as well as in the
writing of the report and in the decision to submit the paper.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval The VIGITEL phone survey was approved by the Brazilian National
Commission of Ethics in Research (CONEP), register number 13081/2008 as updated
on 26 June 2013 (No. 355.590). As data were collected through phone interviews,
verbal consent was obtained from the respondent at the time of telephone contact.
All interviews were recorded. The Packs Discarded in the Household Garbage

(PDG) survey was carried out with the cooperation of the firm (COMLURB) that
routinely collects household garbage in Rio de Janeiro city, thus not involving human
participants. The Face-to-Face Household (FTF-household) survey was approved by
the National School of Public Health Review Board (CEP/ENSP) on October 5, 2018
(No. 2.943.976). For the American Cancer Society, the study protocol was approved
by the Morehouse School of Medicine, their institutional review board of record.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request.
Unpublished data from the study are available to other researchers on reasonable
request to the corresponding author by email.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is

properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

André Salem Szklo http://orcid.org/0000-0003-1903-6188
Michal Stoklosa http://orcid.org/0000-0003-2014-539X
Kevin Welding http://orcid.org/0000-0002-1833-6691

REFERENCES

1 Szklo AS, de Souza MC, Szklo M, et al. Smokers in Brazil: who are they? Tob Control
2016;25:564-70.

2 GBD 2015 Tobacco Collaborators. 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.

3 Szklo AS, de Almeida LM, Figueiredo VVC, et al. A snapshot of the striking decrease
in cigarette smoking prevalence in Brazil between 1989 and 2008. Prev Med
2012;54:162-7.

4 Szklo AS, Yuan Z, Levy D. Update and extension of the Brazil SimSmoke model to
estimate the health impact of cigarette smoking by pregnant women in Brazil. Cad
Saude Publica 2017;33:€00207416.

5 Brazilian Ministry of Finance. Tributacao IPI Cigarros MP 540/2011 Decreto
7.555/2011. Available: http://www.planalto.gov.br/ccivil_03/_At02015-2018/2016/
Decreto/D8656.htm#art7 [Accessed 30 Jun 2020].

6 Iglesias RM, Szklo AS, Souza MCde, et al. Estimating the size of illicit tobacco
consumption in Brazil: findings from the global adult tobacco survey. Tob Control
2017;26:53-9.

7 Szklo A, Iglesias RM, Carvalho de Souza M, et al. Trends in illicit cigarette use in Brazil
estimated from legal sales, 2012-2016. Am J Public Health 2018;108:265-9.

8 IARC Handbook of Cancer Preventions. Tobacco control volume 14. effectiveness of
Tax and price policies for tobacco control 2011. Available: https:/publications.iarc.fr/
Book-And-Report-Series/larc-Handbooks-Of-Cancer-Prevention/Effectiveness-Of-Tax-
And-Price-Policies-For-Tobacco-Control-2011 [Accessed 30 Jun 2020].

9 Stoklosa M, Ross H. Contrasting academic and tobacco industry estimates of illicit
cigarette trade: evidence from Warsaw, Poland. Tob Control 2014;23:e30-4.

10 van Walbeek C, Shai L. Are the tobacco industry's claims about the size of the illicit
cigarette market credible? the case of South Africa. Tob Control 2015;24:e142—6.

11 Gallagher AWA, Evans-Reeves KA, Hatchard JL, et al. Tobacco industry data on
illicit tobacco trade: a systematic review of existing assessments. Tob Control
2019;28:334-45.

12 Brazilian Ministry of Finance. Secretariat of federal revenue. Available: https://receita.
economia.gov.br/orientacao/tributaria/regimes-e-controles-especiais [Accessed 30 Jun
2020].

13 Ministry BH. VIGITEL Brazil 2018: protective and risk factors for chronic diseases by
telephone survey [in Portuguese]., 2019. Available: https://portalarquivos2.saude.gov.
br/images/pdf/2019/julho/25/vigitel-brasil-2018.pdf [Accessed 30 Jun 2020].

14 World Health Organization. (WHO). Who framework convention on tobacco control.
World Health organization (who), 2003. Available: http://www.who.int/fctc/ [Accessed
30 Jun 2020].

15 Ross H. Understanding and measuring cigarette Tax avoidance and evasion: a
methodological guide. 2015, Tobacconomics. Available: https://tobacconomics.org/
wp-content/uploads/2015/03/Ross_Methods_to_Measure_lllicit-Trade_03-17-15.pdf
[Accessed 30 Jun 2020].

16 Merriman D. Understand, measure, and combat tobacco smuggling, 2001. Available:
http://documents.worldbank.org/curated/pt/418961468163740317/pdf/805800NW
P070Sm0B0ox0379807B00PUBLICO.pdf [Accessed 30 Jun 2020].

17 Saenz de Miera Juarez B, Reynales-Shigematsu LM, Stoklosa M, et al. Measuring the
illicit cigarette market in Mexico: a cross validation of two methodologies. Tob Control
2020. doi:10.1136/tobaccocontrol-2019-055449. [Epub ahead of print: 05 Mar
2020].

18 Szklo AS, Silva MRF, Quintaes BR, et al. What is the link between household garbage
and tobacco control? the case of Brazil. J/ Bras Pneumol 2020;46:220200094.

19 Municipality of Rio de Janeiro. Available: http://www.data.rio [Accessed 22 Jun 2020].

20 Brazilian Geography and Statistics Institute (IBGE). Pesquisa Nacional de Satide
2013—Percep¢éo do estado de salde, estilos de vida E doengas cronicas Brasil,
Grandes Regides E Unidades dA Federacdo. Rio de Janeiro: IBGE, 2014. https://www.
ibge.gov.br/estatisticas/sociais/saude/9 160-pesquisa-nacional-de-saude.html?=&t=
o-que-e

21 Brazilian geography and statistics Institute (IBGE), 2010. Available: https://www.ibge.
gov.br/estatisticas/sociais/populacao/9662-censo-demografico-2010.html?=&t=0-
que-e [Accessed 30 Jun 2020].

22 National Health Surveillance Agency (ANVISA). Available: http://portal.anvisa.gov.br/
tabaco/consulta-a-registro [Accessed 30 Jun 2020].

23 National Health Surveillance Agency (ANVISA). Available: http://portal.anvisa.gov.br/
tabaco/imagens-de-advertencia/ [Accessed 30 Jun 2020].

24 Ribeiro LSdeL, Pinto VdaC. Discrepancies in the Brazilian tobacco production chain:
RAW inputs, international trade and legal cigarette production. Tob Control 2020.
doi:10.1136/tobaccocontrol-2019-055265. [Epub ahead of print: 25 Aug 2020].

Szklo AS, et al. Tob Control 2020;0:1-8. doi:10.1136/tobaccocontrol-2020-056060

‘1ybuAdoo Ag pa1oaiold "1aoue) ap [euoioeN
onsu| - YONI e TZ0Z ‘9T J8qWIBAON U0 /wod"[Wig’|011u02029.g0//:d1Y Wolj Papeojumod 0Z0Z J18qWIBAON £T U0 090950-0202-101u02020.q0}/9ETT 0T SB paysignd 1siy :j0nuod qoL


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1903-6188
http://orcid.org/0000-0003-2014-539X
http://orcid.org/0000-0002-1833-6691
http://dx.doi.org/10.1136/tobaccocontrol-2015-052324
http://dx.doi.org/10.1016/S0140-6736(17)30819-X
http://dx.doi.org/10.1016/j.ypmed.2011.12.005
http://dx.doi.org/10.1590/0102-311x00207416
http://dx.doi.org/10.1590/0102-311x00207416
http://www.planalto.gov.br/ccivil_03/_Ato2015-2018/2016/Decreto/D8656.htm#art7
http://www.planalto.gov.br/ccivil_03/_Ato2015-2018/2016/Decreto/D8656.htm#art7
http://dx.doi.org/10.1136/tobaccocontrol-2015-052465
http://dx.doi.org/10.2105/AJPH.2017.304117
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Handbooks-Of-Cancer-Prevention/Effectiveness-Of-Tax-And-Price-Policies-For-Tobacco-Control-2011
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Handbooks-Of-Cancer-Prevention/Effectiveness-Of-Tax-And-Price-Policies-For-Tobacco-Control-2011
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Handbooks-Of-Cancer-Prevention/Effectiveness-Of-Tax-And-Price-Policies-For-Tobacco-Control-2011
http://dx.doi.org/10.1136/tobaccocontrol-2013-051099
http://dx.doi.org/10.1136/tobaccocontrol-2013-051441
http://dx.doi.org/10.1136/tobaccocontrol-2018-054295
https://receita.economia.gov.br/orientacao/tributaria/regimes-e-controles-especiais
https://receita.economia.gov.br/orientacao/tributaria/regimes-e-controles-especiais
https://portalarquivos2.saude.gov.br/images/pdf/2019/julho/25/vigitel-brasil-2018.pdf
https://portalarquivos2.saude.gov.br/images/pdf/2019/julho/25/vigitel-brasil-2018.pdf
http://www.who.int/fctc/
https://tobacconomics.org/wp-content/uploads/2015/03/Ross_Methods_to_Measure_Illicit-Trade_03-17-15.pdf
https://tobacconomics.org/wp-content/uploads/2015/03/Ross_Methods_to_Measure_Illicit-Trade_03-17-15.pdf
http://documents.worldbank.org/curated/pt/418961468163740317/pdf/805800NWP070Sm0Box0379807B00PUBLIC0.pdf
http://documents.worldbank.org/curated/pt/418961468163740317/pdf/805800NWP070Sm0Box0379807B00PUBLIC0.pdf
http://dx.doi.org/10.1136/tobaccocontrol-2019-055449
http://dx.doi.org/10.36416/1806-3756/e20200094
http://www.data.rio
https://www.ibge.gov.br/estatisticas/sociais/saude/9160-pesquisa-nacional-de-saude.html?=&t=o-que-e
https://www.ibge.gov.br/estatisticas/sociais/saude/9160-pesquisa-nacional-de-saude.html?=&t=o-que-e
https://www.ibge.gov.br/estatisticas/sociais/saude/9160-pesquisa-nacional-de-saude.html?=&t=o-que-e
https://www.ibge.gov.br/estatisticas/sociais/populacao/9662-censo-demografico-2010.html?=&t=o-que-e
https://www.ibge.gov.br/estatisticas/sociais/populacao/9662-censo-demografico-2010.html?=&t=o-que-e
https://www.ibge.gov.br/estatisticas/sociais/populacao/9662-censo-demografico-2010.html?=&t=o-que-e
http://portal.anvisa.gov.br/tabaco/consulta-a-registro
http://portal.anvisa.gov.br/tabaco/consulta-a-registro
http://portal.anvisa.gov.br/tabaco/imagens-de-advertencia/
http://portal.anvisa.gov.br/tabaco/imagens-de-advertencia/
http://dx.doi.org/10.1136/tobaccocontrol-2019-055265
http://tobaccocontrol.bmj.com/

Original research

25

26
27

28

29

30

31

32

33

34

35

36

National household sample survey. Available: https://www.ibge.gov.br/estatisticas/
sociais/trabalho/17270-pnad-continua.html?edicao=23205&t=sobre [Accessed 30
Jun 2020].

StataCorp. Stata statistical software. release 15.0. College Station, Texas, 2017.
Szklo AS, Cavalcante TM. Noncompliance with the law prohibiting the sale

of cigarettes to minors in Brazil: an inconvenient truth. J Bras Pneumol
2018;44:398-404.

Iglesias RM. Increasing excise taxes in the presence of an illegal cigarette market: the
2011 Brazil tobacco Tax reform. Rev Panam Salud Publica 2016;40:243-9.

World Bank. Confronting illicit tobacco trade: a global review of country experiences,
2019. Available: https://www.worldbank.org/en/topic/tobacco/publication/
confronting-illicit-tobacco-trade-a-global-review-of-country-experiences [Accessed 30
Jun 2020].

Merriman D. The Micro-Geography of Tax avoidance: evidence from Littered cigarette
packs in Chicago. Am Econ J Econ Policy 2010;2:61-84.

Szklo M, Nieto FJ. Epidemiology: beyond the basics. 3rd edn. Burlington, MA: Jones &
Bartlett Learning, 2014.

Williams E, Curnow R, Streker P. Understanding littering behavior in Australia.
beverage industry environment Council, 1997. Available: https://kab.org.au/wp-
content/uploads/2012/05/understanding-littering-behaviour-lbs 1.pdf [Accessed 30
Jun 2020].

Lohse T, Rohrmann S, Bopp M, et al. Heavy smoking is more strongly associated

with general unhealthy lifestyle than obesity and underweight. PLoS One
2016;11:e0148563.

International tobacco control evaluation Project (ITC). ITC Brazil project report
findings from the wave 1 and 2 surveys (2009-2013). Available: https://itcproject.
org/findings/reports/itc-brazil-national-report-waves-1-and-2-2009-2013-may-2014/
[Accessed 30 Jun 2020].

Mendes FL, Szklo AS, Perez CdeA, et al. Perceived enforcement of anti-smoking laws
in bars and restaurants of three Brazilian cities: data from the ITC-Brazil survey. Cad
Saude Publica 2017;33Suppl 3:€00140315.

Perry GE, Maloney WF, Arias OS, et al. Informality: exit and exclusion. the world bank,
Washington, D.C, 2007. Available: https://documents.worldbank.org/pt/publication/

37

38

39

40

41

42

43

44

45

46

47

documents-reports/documentdetail/326611468163756420/informality-exit-and-
exclusion [Accessed 30 Jun 2020].

Gallus S, Tramacere |, Boffetta P, et a/. Temporal changes of under-reporting of
cigarette consumption in population-based studies. Tob Control 2011;20:34-9.
Nelson DE, Powell-Griner E, Town M, et al. A comparison of national estimates from
the National health interview survey and the behavioral risk factor surveillance
system. Am J Public Health 2003;93:1335—-41.

Ferreira AD, César CC, Malta DG, et al. Validity of data collected by telephone survey:
a comparison of VIGITEL 2008 and 'Satide em Beaga' survey. Rev Bras Epidemiol
2011;14 Suppl 1:16-30.

Landrine H, Corral |, Simms DA, et al. Telephone surveys underestimate cigarette
smoking among African-Americans. front Public Health 2013;1:36.

Gomes R. [As verdades que vocé precisa saber sobre o contrabando de cigarros].
Available: http://blog.actbr.org.br/controle-do-tabagismo/as-verdades-que-voce-
precisa-saber-sobre-o-contrabando-de-cigarros/2145 [Accessed 30 Jun 2020].
Cigarette industry market research, statistics, and market share. Available: https://
www.euromonitor.com/cigarettes?CountryCode=96650&IndustryCode=null&
ContentType=null&ReportType=null&SortBy=1&PageNumber=0&PageSize=50&
PageType=2 [Accessed 30 Jun 2020].

Chernick H, Merriman D. Using Littered pack data to estimate cigarette Tax avoidance
in NYC. Nat Tax J 2013;66:635-68.

World Health Organization. Tobacco industry interference with tobacco control, 2008.
Available: https://www.who.int/tobacco/resources/publications/tob_ind_int_cover_
150/en/ [Accessed 30 Jun 2020].

Fooks GJ, Peeters S, Evans-Reeves K. lllicit trade, tobacco industry-funded studies and
policy influence in the EU and UK. Tob Control 2014;23:81-3.

Evans-Reeves KA, Hatchard JL, Gilmore AB. ‘It will harm business and increase illicit
trade’: an evaluation of the relevance, quality and transparency of evidence submitted
by transnational tobacco companies to the UK consultation on standardised
packaging 2012. Tob Control 2015;24:¢168-77.

Who report on the global tobacco epidemic 2019. Available: http://www.who.int/
tobacco/global_report/ [Accessed 30 Jun 2020].

Szklo AS, et al. Tob Control 2020;0:1-8. doi:10.1136/tobaccocontrol-2020-056060

‘1ybuAdoo Ag pa1oaiold "1aoue) ap [euoioeN
onsu| - YONI e TZ0Z ‘9T J8qWIBAON U0 /wod"[Wig’|011u02029.g0//:d1Y Wolj Papeojumod 0Z0Z J18qWIBAON £T U0 090950-0202-101u02020.q0}/9ETT 0T SB paysignd 1siy :j0nuod qoL


https://www.ibge.gov.br/estatisticas/sociais/trabalho/17270-pnad-continua.html?edicao=23205&t=sobre
https://www.ibge.gov.br/estatisticas/sociais/trabalho/17270-pnad-continua.html?edicao=23205&t=sobre
http://dx.doi.org/10.1590/s1806-37562017000000359
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/28001200
https://www.worldbank.org/en/topic/tobacco/publication/confronting-illicit-tobacco-trade-a-global-review-of-country-experiences
https://www.worldbank.org/en/topic/tobacco/publication/confronting-illicit-tobacco-trade-a-global-review-of-country-experiences
http://dx.doi.org/10.1257/pol.2.2.61
https://kab.org.au/wp-content/uploads/2012/05/understanding-littering-behaviour-lbs1.pdf
https://kab.org.au/wp-content/uploads/2012/05/understanding-littering-behaviour-lbs1.pdf
http://dx.doi.org/10.1371/journal.pone.0148563
https://itcproject.org/findings/reports/itc-brazil-national-report-waves-1-and-2-2009-2013-may-2014/
https://itcproject.org/findings/reports/itc-brazil-national-report-waves-1-and-2-2009-2013-may-2014/
http://dx.doi.org/10.1590/0102-311X00140315
http://dx.doi.org/10.1590/0102-311X00140315
https://documents.worldbank.org/pt/publication/documents-reports/documentdetail/326611468163756420/informality-exit-and-exclusion
https://documents.worldbank.org/pt/publication/documents-reports/documentdetail/326611468163756420/informality-exit-and-exclusion
https://documents.worldbank.org/pt/publication/documents-reports/documentdetail/326611468163756420/informality-exit-and-exclusion
http://dx.doi.org/10.1136/tc.2009.034132
http://dx.doi.org/10.2105/AJPH.93.8.1335
http://dx.doi.org/10.1590/s1415-790x2011000500003
http://dx.doi.org/10.3389/fpubh.2013.00036
http://blog.actbr.org.br/controle-do-tabagismo/as-verdades-que-voce-precisa-saber-sobre-o-contrabando-de-cigarros/2145
http://blog.actbr.org.br/controle-do-tabagismo/as-verdades-que-voce-precisa-saber-sobre-o-contrabando-de-cigarros/2145
https://www.euromonitor.com/cigarettes?CountryCode=96650&IndustryCode=null&ContentType=null&ReportType=null&SortBy=1&PageNumber=0&PageSize=50&PageType=2
https://www.euromonitor.com/cigarettes?CountryCode=96650&IndustryCode=null&ContentType=null&ReportType=null&SortBy=1&PageNumber=0&PageSize=50&PageType=2
https://www.euromonitor.com/cigarettes?CountryCode=96650&IndustryCode=null&ContentType=null&ReportType=null&SortBy=1&PageNumber=0&PageSize=50&PageType=2
https://www.euromonitor.com/cigarettes?CountryCode=96650&IndustryCode=null&ContentType=null&ReportType=null&SortBy=1&PageNumber=0&PageSize=50&PageType=2
http://dx.doi.org/10.17310/ntj.2013.3.05
https://www.who.int/tobacco/resources/publications/tob_ind_int_cover_150/en/
https://www.who.int/tobacco/resources/publications/tob_ind_int_cover_150/en/
http://dx.doi.org/10.1136/tobaccocontrol-2012-050788
http://dx.doi.org/10.1136/tobaccocontrol-2014-051930
http://www.who.int/tobacco/global_report/
http://www.who.int/tobacco/global_report/
http://tobaccocontrol.bmj.com/

	Cross-­validation of four different survey methods used to estimate illicit cigarette consumption in Brazil
	Abstract
	Introduction
	Methods
	The PDG survey
	The PLS survey
	The FTF-household survey
	The VIGITEL phone survey

	Results
	Discussion
	Conclusions
	References


