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This technical report details the sampling design and weight construction
of the International Tobacco Control (ITC) Brazil Survey. The ITC Brazil
Survey is a prospective longitudinal study consisting of representative random
samples of adults smokers and non-smokers residing in São Paulo, Rio de
Janeiro and Porto Alegre. At each wave, the sample consists of approximately
400 smokers and 200 non-smokers in each of the three cities.

This technical report is organized as follows: section 1 describes the sam-
pling design of the ITC Brazil Survey, section 2 details the construction of
the sampling weights at each of the three waves of data collection, and sec-
tion 3 provides some guidance on which weights to use depending on the
analysis being performed. Cooperation and response rates are also provided
in section 1.

1 Sampling design

The ITC Brazil Survey is a prospective longitudinal study, and its sampling design was
chosen to yield representative random samples of adult smokers and non-smokers resid-
ing in São Paulo, Rio de Janeiro and Porto Alegre. Hence, the ITC Brazil Survey is
not representative of the entire Brazilian population, but of those living in the above
mentioned 3 cities. Respondents were first interviewed in Apr – Jun 2009 (wave 1), with
follow-up interviews in Oct 2012 – Feb 2013 (wave 2) and Sep 2016 – Feb 2017 (wave 3).
Those lost to follow-up at wave 2 were replenished by new randomly selected respondents,
and likewise at wave 3. Fieldwork (at all three waves) was conducted by the Brazilian
survey firm Expertise. All interviews were conducted using computer assisted telephone
interviews (CATI), and the survey questionnaires are available here.

To qualify for the study, respondents must be 18 years old or more at the time of recruit-
ment, and residing in one of the above mentioned 3 cities. Those that have smoked more
than 100 cigarettes in their life and smoked at least once in the 30 days prior to recruit-
ment were considered to be smokers, and the others were considered to be non-smokers.

1Dept. of Statistics & Actuarial Science, University of Waterloo, Waterloo, Ontario, Canada.
2Data Management Core (DMC) – ITC Project, University of Waterloo.
3This document was created using LATEX, and was last updated on Feb. 20, 2018
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1 SAMPLING DESIGN

1.1 Wave 1

Within each of the 3 cities, households were randomly called using systematic sampling
from an electronic phone number directory until the planned 400 smokers and 200 non-
smokers were interviewed. In households with multiple eligible respondents (this includes
non-smokers residing with smokers while the non-smoker quota for that city was opened),
the Next Birthday method (Binson et al. (2000)) was used to select a single one. No
substitution within household was allowed, except when it was known that the selected
respondent would be absent for the entire fieldwork period. When the non-smoker quota
for a given city was closed, only households with one or more qualified smokers were
deemed eligible.

Note that the majority of ITC phone surveys utilize a stratified random digit dialling
(RDD) sampling design. The use of systematic sampling for the ITC Brazil Survey was
thus a departure from the usual ITC design for phone surveys. This is the results that
the survey firm Expertise has extensive electronic phone number directories of the 3
cities constituting the ITC Brazil Survey. For each of these cities, Expertise’s electronic
directory has almost 100% coverage of phone numbers. It was thus more efficient to use
these electronic directories as the sampling frame, than using an RDD frame.

The ITC Brazil wave 1 sample consists of 1215 adult smokers and of 610 adult non-
smokers, for a total of 1825 respondents.

1.1.1 Cooperation and response rates

A total of 99,344 distinct phone numbers were called during fieldwork to recruit the
wave 1 sample of 1825 respondents. Using formulas akin to RR4 and COOP4, from the
American Association for Public Opinion Research (AAPOR), the ITC Brazil wave 1
cooperation rate was 90.7% and the response rate was 10.5%.

1.2 Wave 2

Out of the 1825 respondents who completed the wave 1 survey, 755 (488 smokers and 267
non-smokers) were successfully recontacted at wave 2; yielding a retention rate of 41.4%
(40.2% for smokers and 43.8% for non-smokers).

To compensate for the attrition, 1075 additional respondents (727 smokers and 348 non-
smokers) were randomly sampled and interviewed at wave 2; for a total of 1830 respon-
dents interviewed at wave 2. As with other ITC surveys, replenishment for wave 2 of
the ITC Brazil Survey was carried out using the same sampling design and interview
protocol as in wave 1 (see section 1.1). This sample of 1075 respondents is referred to
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1 SAMPLING DESIGN

as the wave 2 replenishment sample or cohort 2. Note that cohort 2 respondents are
representative of the population at the time of data collection (i.e., Oct 2012 – Feb 2013),
rather than those lost to follow-up/attrition.

1.2.1 Cooperation and response rates

A total of 10,920 distinct phone numbers were called to recruit the wave 2 replenishment
sample of 1075 respondents. Using formulas akin to RR4 and COOP4, the coopera-
tion rate for that sample was 98.9% and the response rate was 21.6%. More detailed
information is available in the ITC Brazil Technical Report Waves 1 to 2 (2009-2013).

1.3 Wave 3

Out of the 1830 respondents who completed the wave 2 survey, 754 (478 smokers and 276
non-smokers) were successfully recontacted at wave 2; yielding a retention rate of 41.2%
(39.1% for smokers and 45.4% for non-smokers).

To compensate for the attrition, 1074 additional respondents (877 smokers and 197 non-
smokers) were randomly sampled and interviewed at wave 3; for a total of 1828 respon-
dents interviewed at wave 3. Again, replenishment for wave 3 was carried out using
the same sampling design and interview protocol as in wave 1, but with the notable
exception that gender quotas for smokers were introduced. This was done to correct the
over-representation of women in the ITC Brazil sample. This was not done on purpose,
and is the result that women are more likely to complete the survey than men. To correct
for this, gender quotas were introduced at wave 3. These quotas are such that, in each of
the three cities, the male to female ratio in the replenishment sample of smoker is about
the same than the ratio of male smokers to female smokers in the population. This sam-
ple of 1074 respondents is referred to as the wave 3 replenishment sample or cohort 3.
Note that cohort 3 respondents are representative of the population at the time of data
collection (i.e., Sep 2016 – Feb 2017), rather than those lost to follow-up/attrition.

1.3.1 Cooperation and response rates

A total of 22,442 distinct phone numbers were called to recruit the wave 3 replenishment
sample of 1074 respondents. Using formulas akin to RR4 and COOP4, the cooperation
rate for that sample was 60.4% and the response rate was 35.5%.
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2 WEIGHT CONSTRUCTION

2 Weight construction

2.1 General comments about weight construction

As with most survey weights, the ITC Brazil sampling weights are constructed to correct
and adjust for sample mis-representation caused by unequal sampling probabilities, frame
error (i.e., under-coverage and multiplicity) and non-response as well as improving preci-
sion of estimates through the use of auxiliary information (e.g., smoking prevalences). In
addition, conservative weight trimming was performed to prevent extreme weight vari-
ation arising from a few respondents having very large sampling weights. We briefly
describe these key concepts of weight construction in this section, but refer the reader to
Levy & Lemeshow (2008), chapter 16, for a more detailed introduction.

At their base, sampling weights are defined as the inverse of selection probabilities, and
thus adjust for sample mis-representation caused by unequal sampling probabilities. For
example, in a household survey, a smoker residing alone has a probability of selection
twice that of a smoker residing with another smoker.

Great efforts are made to create a complete/perfect sampling frame (i.e., a frame that in-
cludes all members of the target population, without duplicate and without any erroneous
inclusions1). However, this is seldomly achieved and, consequently, some members of the
target population are not part of the sampling frame (i.e., have a 0 probability of being
selected). This is referred to as frame under-coverage, and can result in non-coverage
bias. To reduce such bias in the ITC Brazil Survey, post-stratification adjustments were
performed on the sampling weights to ensure that, for each city/sex/age group, the to-
tals of the sampling weights equal known benchmarks; see step 2 in section 2.2.1 for the
smoker weights and step 2 in section 2.2.2 for the non-smoker weights. Note that these
benchmark figures are also referred to as calibration or target figures, and thus such
post-stratification adjustment is also referred to as weight calibration.

If non-respondents behave differently than respondents, then inference based solely on
the sample of respondents will be biased unless adjustments are made. The greater the
expected proportion of non-response, the greater this bias can be. In the ITC Brazil
Survey, the post-stratification adjustment described in the above paragraph also adjust
for non-response bias. It should be noted that if data are missing completely at random
(MCAR, see Little & Rubin (2002)) within each city/sex/age group, then non-response
bias will be completely eliminated. Realistically though, non-response bias is greatly
reduced, but not eliminated in the ITC Brazil Survey.

The distribution of sampling weights is often skewed to the right, echoing the fact that
most populations are composed of many average/typical members and of few atypical

1Erroneous inclusions refers to units that are not part of the target population, but included in the
sampling frame.
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2 WEIGHT CONSTRUCTION

ones. Average members have a higher probability of selection, and thus most sampling
weights are fairly small. There are however few members of the population that have a
much smaller probability of selection, and consequently have sampling weights that are
quite large. These few large weights can be the source of high weight variation, which
increases the variability of estimators and thus decreases precision. To correct for this,
large weights are often trimmed in the weight construction process. This must be done
with care and conservatively, as trimming can increase bias. There are various ways of
trimming sampling weights. In the ITC Brazil Survey, trimming was done by capping
the number of adults (and thus the number of smokers) in each household at 4 (see step 1
in section 2.2.1). Capping is a fairly conservative weight trimming technique and, since
it is done at the beginning of weight construction, helps minimize potentially biasing
estimates.

It is well known from survey sampling theory that, in the vast majority of cases, the
ratio estimator has much greater precision than the commonly used Horvitz-Thompson
estimator. Heuristically, this is due to the fact that the ratio estimator utilizes auxiliary
(i.e., additional) information in addition to the sampling weights, whereas the Horvitz-
Thompson estimator does not. As mentioned above however, smoking prevalence figures
were utilized to calibrate the ITC Brazil sampling weights in order to reduce biases
from frame errors and non-response. Our calibrating procedure yields the (so-called)
ratio weights, which enable all estimators to inherit the increased precision of the ratio
estimator.

All weights for the ITC Brazil Survey were computed using the statistical software R
(http://www.r-project.org).

2.2 Wave 1 weights

Two sets of weights were computed at wave 1:

i) Section 2.2.1 describes the computation of the cross-sectional wave 1 weights for
smokers

ii) Section 2.2.2 describes the computation of the cross-sectional wave 1 weights for
non-smokers

2.2.1 Cross-sectional wave 1 weights for smokers

Cross-sectional wave 1 weights were computed for the 1215 smokers who completed the
wave 1 survey. Two versions of the weights are available: inflation (i.e., un-rescaled)
and rescaled. Both are calibrated to smoking prevalences by city/sex/age groups (see
step 2 below). In addition, the rescaled weights are rescaled to sum to sample size in each
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2 WEIGHT CONSTRUCTION

of the three cities (see step 3 below). This was done to facilitate comparisons between
the three cities, as well as comparisons with other countries part of the ITC Project.
More information on this is available in section 3.1; however, in a nutshell, rescaling
is a simple and efficient way to make cities/countries with different population sizes
comparable. Rescaling the weights will not affect results when estimating population
means and proportions/percentages, as well as when fitting various statistical models
(e.g., logistic and linear regressions). However, the rescaled weights should not be used
to estimate population totals (e.g., the total number of daily smokers or e-cigarette users).
In such a case, the inflation weights (which sum to the estimated number of smokers in
each city/sex/age group) should be used instead. Additional guidance on the correct
weights to use depending on the analysis being performed can be found in section 3.

Computation of the cross-sectional wave 1 weights for smokers proceeded as follows:

Step 1: Each respondent was assigned an initial weight w
(1)
i . The initial weight of the

ith respondent can be viewed as an adjustment for the probability of selection
within his/her household while the non-smoker quota was opened and after it

was closed. Formally, the w
(1)
i weights are given by

w
(1)
i =

#smokersi × #adultsi

P̂i × #smokersi + (1 − P̂i) × #adultsi

where #adultsi is the number of adults (i.e., 18 years and older) in the household
of the ith respondent, #smokersi is the number of adult smokers in the household,
and P̂i is an estimate of the probability that the household was called when the
non-smoker quota was opened. Correspondingly, 1 − P̂i is an estimate of the
probability that the household of the ith respondent was called when the non-
smoker quota was closed. Note that #adultsi was capped at 4 to prevent large
households from having undue influence on the weights (see section 2.1); thus,
#smokersi ≤ #adultsi ≤ 4.

In most ITC phone surveys, P̂i is the same for all respondents. In the ITC Brazil
Survey however, the non-smoker quota was temporally closed between May 2 and
June 1, 2009. This was done to recruit more smokers before the introduction of
new pictorial warning labels on cigarette packs on June 2, 2009 (though, a few
small tobacco companies changed their cigarette packs before June 2). Hence,
P̂i = 0.22 for respondents recruited before or on June 1, and P̂i = 0.58 for those
recruited afterwards.

Computation of the P̂i’s: Let n1 be the total number of households at which
contact was made before or on June 1, and no

1 be the number of households at
which contact was made while the non-smoker quota was opened during that
same period. Let n2 and no

2 be defined the same way as n1 and no
1, but for the

period starting on June 2. Note that n1, n
o
1, n2 and no

2 are readily available from
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2 WEIGHT CONSTRUCTION

call-logs. For respondents contacted before or on June 1, no
1/n1 = 1723/7831 =

0.22 is the probability that they were contacted while the non-smoker quota
was opened. Similarity, for respondents recruited on June 2 or later, no

2/n2 =
1347/2321 = 0.58 is the probability that they were contacted while the non-
smoker quota was opened for the 2nd time.

Note: In most ITC phone surveys, weights are adjusted to correct for frame
multiplicity arising from households that have multiple residential phone lines
(i.e., phone numbers, excluding cell phones and lines used for business calls, fax
or Internet). To this end, each respondent is usually asked how many residential
phone lines are connected to his/her household. Unfortunately, due to a small
programming error, this information was not collected at wave 1 of the ITC Brazil
Survey. Since the prevalence of households with multiple residential phone lines
is small in Brazil, the resulting bias in the sampling weights is negligible.

Step 2: A post-stratification adjustment was then performed to calibrate the w
(1)
i weights

to smoking prevalences by city/sex/age groups. To this end, age was divided
into 4 intervals (i.e., [18, 25), [25, 40), [40, 55) and [55, 100)); yielding the 24
city/sex/age cells of table A.1.

For respondents in cell Ck (k = 1, . . . , 24), this post-stratification adjustment

consisted in multiplying their w
(1)
i weights by N̂ smk

k /tk to produce calibrated w
(2)
i

weights. These w
(2)
i weights are such that their sum over all respondents in cell

Ck is equal to N̂ smk
k , the estimated number of smokers in that cell. Let k be the

cell to which the ith respondent belongs to, the w
(2)
i weight of that respondent is

given by

w
(2)
i = w

(1)
i × N̂ smk

k

tk
= w

(1)
i × N̂ smk

k∑
i∈Ck

w
(1)
i

where N̂ smk
1 , . . . , N̂ smk

24 are given in column 4 of table A.1 and Ck is the set of all

respondents in cell k. The estimated number of smokers (i.e., the N̂ smk
k ’s) were

obtained by combining prevalence estimates from the 2003 Brazilian National
Household Survey with 2008 population estimates from the Instituto Brasileiro
de Geografia e Estat̀ıstica (IBGE); see appendix for further details.

Step 3: Finally, the w
(2)
i weights were rescaled to sum to sample size within each city. As

mentioned above, the main reason for this rescaling is to facilitate comparisons
between the 3 cities and with other ITC countries. This yielded the w

(3)
i weights,

which are formally defined as

w
(3)
i = w

(2)
i × nc∑

i∈Sc

w
(2)
i
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2 WEIGHT CONSTRUCTION

where Sc is the set of all sampled smokers in city c, and nc is the size of that
sample; i.e.,

nc =


403 if c = São Paulo

410 if c = Rio de Janeiro

402 if c = Porto Alegre

Hence, in each of the 3 cities, the average of the w
(3)
i weights is 1.

The coefficients of variation (cv’s) for the w
(2)
i and w

(3)
i weights are, respectively, 0.85 and

0.51. Normally, multiplying by a constant does not change the value of the cv. However,
the rescaling in step 3 was done on a per city basis, and those three cities have very
different population sizes. Consequently, the average of the w

(2)
i weights is quite different

in each city, and thus rescaling on a per city basis results in a different cv.

The inflation weights (i.e., the w
(2)
i weights) are labelled aDE57915v in the Brazil dataset;

whereas, the rescaled weights (i.e., the w
(3)
i weights) are labelled aDE57919v. Since no

respondent can have both a smoker and a non-smoker wave 1 weight, the same two labels
are also used for the non-smoker weights. Note that variable aFR57305 allows data users
to easily identify which respondents are smokers and which are non-smokers.

2.2.2 Cross-sectional wave 1 weights for non-smokers

Cross-sectional wave 1 weights were computed for the 610 non-smokers who completed
the wave 1 survey. As with the smoker weights, inflation (i.e., un-rescaled) and rescaled
versions of the weights are available. Both are calibrated to non-smoking prevalences
by city/sex/age groups (see step 2 below). The rescaled weights are rescaled to sum to
sample size in each of the three cities, whereas the inflation weights sum to the estimated
number of non-smokers in each city. The comments made at the beginning of section 2.2.1
also apply here, and additional guidance on the correct weights to use can be found in
section 3.

Computation of the cross-sectional wave 1 weights for non-smokers proceeded alike that
for the smoker weights; i.e.:

Step 1: Each respondent was assigned an initial weight w
(1)
i . The initial weight of the

ith respondent can be viewed as an adjustment for the probability of selection
within his/her household while the non-smoker quota was opened. Using the

same notation as in step 1 of section 2.2.1, the w
(1)
i weights are given by

w
(1)
i =

#adultsi

P̂i

where P̂i = 0.22 for respondents recruited before or on June 1 and P̂i = 0.58 for
those recruited afterwards.
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2 WEIGHT CONSTRUCTION

Step 2: The weights were then calibrated to non-smoking prevalences by city/sex/age
groups. This was done the same way as step 2 of section 2.2.1 with the ex-
ception that the calibration figures for non-smokers were used instead of those
for smokers, and that a few cells were collapsed because they contained too few
respondents. This yielded the w

(2)
i weights, which are given by

w
(2)
i = w

(1)
i × N̂nsmk

k∑
i∈Ck

w
(1)
i

where N̂nsmk
k is the estimated number of non-smokers in cell k (see column 5 of

table A.1) and Ck is the set of all respondents in cell k (k = 1, . . . , 19).

The N̂nsmk
k ’s were obtained by combining the same two surveys as in step 2 of

section 2.2.1, and by simply taking 1 minus the smoking prevalence figure as the
corresponding non-smoking prevalence figure.

Step 3: Finally, the w
(2)
i weights were rescaled to sum to sample size within each city.

This yielded the w
(3)
i weights, which are formally defined as

w
(3)
i = w

(2)
i × nc∑

i∈Sc

w
(2)
i

where Sc is the set of all sampled non-smokers in city c, and nc is the size of that
sample; i.e.,

nc =


203 if c = São Paulo

205 if c = Rio de Janeiro

202 if c = Porto Alegre

Hence, in each of the 3 cities, the average of the w
(3)
i weights is 1.

The coefficients of variation (cv’s) for the w
(2)
i and w

(3)
i weights are, respectively, 0.95

and 0.62. As mentioned at the end of section 2.2.1, multiplying by a constant normally
does not change the value of the cv, but the rescaling in step 3 was done on a per city
basis, and thus results in a different cv.

The inflation weights (i.e., the w
(2)
i weights) are labelled aDE57915v in the Brazil dataset;

whereas, the rescaled weights (i.e., the w
(3)
i weights) are labelled aDE57919v. Since no

respondent can have both a smoker and a non-smoker wave 1 weight, the same two labels
are also used for the smoker weights. Note that variable aFR57305 allows data users to
easily identify which respondents are smokers and which are non-smokers.

9



2 WEIGHT CONSTRUCTION

2.3 Wave 2 weights

Four sets of weights were computed at wave 2:

i) Section 2.3.1 describes the computation of the waves 1–2 longitudinal weights for
smokers

ii) Section 2.3.2 describes the computation of the cross-sectional wave 2 weights for
smokers

iii) Section 2.3.3 describes the computation of the waves 1–2 longitudinal weights for
non-smokers

iv) Section 2.3.2 describes the computation of the cross-sectional wave 2 weights for
non-smokers

As with the wave 1 weights for smokers and non-smokers, inflation (i.e., un-rescaled) and
rescaled weights are available for each of the four sets of weights. Both are calibrated
to smoking (non-smoking) prevalences by city/sex/age groups. The rescaled weights are
rescaled to sum to sample size in each of the three cities, whereas the inflation weights
sum to the estimated number of smokers (non-smokers) in each city. The comments
made at the beginning of section 2.2.1 still apply here, and additional guidance on the
correct weights to use can be found in section 3.

2.3.1 Waves 1–2 longitudinal weights for smokers

Waves 1–2 longitudinal weights were computed for the 488 smokers recruited at wave 1
that were retained and interviewed at wave 2. Note that 125 of these respondents had
quit smoking by wave 2. However, these waves 1–2 longitudinal weights are designed to
make respondents who completed both the waves 1 and 2 surveys representative of the
population of smokers at the time of wave 1; not at the time of wave 2. Consequently, if a
respondent was recruited as a smoker, he/she will always be considered as a smoker when
computing his/her longitudinal weights, and that regardless of his/her current smoking
status.

Starting with the w
(0)
i weights, where w

(0)
i is the rescaled smoker weight of the ith re-

spondent computed in section 2.2.1, computation of the waves 1–2 longitudinal weights
for smokers proceeded as follows:

Step 1: The w
(0)
i weights were re-calibrated to smoking prevalences by city/sex/age

groups. This was done to compensate for different attrition rates between the
various city/sex/age groups. This post-stratification adjustment was done the
same way as in step 2 of section 2.2.1. Since the waves 1–2 longitudinal weights
are designed to make the 488 smokers who completed both the waves 1 and 2
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2 WEIGHT CONSTRUCTION

surveys representative of the population of smokers at the time of wave 1, the
calibration figures in column 4 of table A.1 were used once again here. The only
difference is that some of the 24 cells used in step 2 of section 2.2.1 were col-
lapsed because they now contained to few respondents; this collapsing resulted
in a total of 18 cells, and the re-calibration yielded the w

(1)
i weights.

Step 2: As in step 3 of section 2.2.1, the w
(1)
i weights were rescaled to sum to sample size

within each city. This yielded the w
(2)
i weights.

The coefficients of variation (cv’s) and the variable names/labels of the w
(1)
i and w

(2)
i

weights are given in tables 1 and 2 below.

2.3.2 Cross-sectional wave 2 weights for smokers

Computation of the cross-sectional wave 2 weights for the 1222 respondents who com-
pleted the smoker section of the wave 2 survey was divided into three parts:

Part A) Construction of the cross-sectional wave 2 weights for the 495 cohort smokers.
These 495 respondents consist of the 488 cohort smokers mentioned in sec-
tion 2.3.1, and of 7 respondents that were recruited as non-smokers at wave 1,
but had started smoking by wave 2. Recall that 125 of the 488 cohort smokers
had quit smoking by wave 2. One possibility would be to compute non-smoker
cross-sectional wave 2 weights for those individuals. However, it was decided
to treat quitters and non-smokers as different groups in the ITC Brazil Survey.
Since obtaining calibration figures for quitters is extremely difficult and this is a
small group, quitters are treated as smokers when computing sampling weights
in the ITC Brazil Survey, as well as in the majority of ITC surveys.

Part B) Construction of the cross-sectional wave 2 weights for the 727 smokers newly
recruited at wave 2.

Part C) Combining the weights computed in parts A and B.

Part A) Computation of the cross-sectional wave 2 weights for cohort smokers proceeded
as follows:

Step 1: Each respondent was assigned a base/initial weight w
(0)
i :

• If ith respondent was a smoker at wave 1, w
(0)
i is his/her base/initial weight

computed in step 1 of section 2.2.1

11



2 WEIGHT CONSTRUCTION

• If the ith respondent is one of the 7 respondents recruited as a non-smoker,
w

(0)
i weight is the average of the base/initial weights computed in step 1 of

section 2.2.1 amongst smokers of the same city and with the same number
of adults living in the household as respondent i.

Step 2: As in step 2 of section 2.2.1, the w
(0)
i weights were then calibrated to smoking

prevalences by city/sex/age groups. To this end, age was divided into 3 intervals
(i.e., [18, 40), [40, 55) and [55, 100)); thus yielding the 18 city/sex/age cells
of table A.2. Note that age is the age of the respondent at the time he/she
completed the wave 2 survey, not the age he/she was when initially recruited to
be part of the ITC Brazil Survey.

For respondents in cell Ck (k = 1, . . . , 18), this post-stratification adjustment

consisted in multiplying their w
(1)
i weights by N̂ smk

k /tk to produce calibrated w
(2)
i

weights. These w
(2)
i weights are such that their sum over all respondents in cell

Ck is equal to N̂ smk
k , the estimated number of smokers in that cell. Let k be the

cell to which the ith respondent belongs to, the w
(2)
i weight of that respondent is

given by

w
(2)
i = w

(1)
i × N̂ smk

k

tk
= w

(1)
i × N̂ smk

k∑
i∈Ck

w
(1)
i

where N̂ smk
1 , . . . , N̂ smk

18 are given in column 4 of table A.2 and Ck is the set of all

respondents in cell k. The estimated number of smokers (i.e., the N̂ smk
k ’s) were

obtained by combining prevalence estimates from the 2010 Global Adult Tobacco
Survey conducted by the Brazilian National Cancer Institute (INCA) with 2012
population estimates from the Instituto Brasileiro de Geografia e Estat̀ıstica
(IBGE); see appendix for further details.

Step 3: Lastly, as in step 3 of section 2.2.1, the w
(1)
i weights were rescaled to sum to

sample size within each city. This yielded the w
(3)
i weights.

Part B) Computation of the cross-sectional wave 2 weights for newly recruited smokers
proceeded as follows:

Step 1: As in section 2.2.1, each respondent was assigned an initial weight w
(1)
i . The

initial weight of the ith respondent can be viewed as an adjustment for the prob-
ability of selection within his/her household while the non-smoker quota was

opened and after it was closed. Formally, the w
(1)
i weights are given by

w
(1)
i =

#smokersi × #adultsi

P̂i × #smokersi + (1 − P̂i) × #adultsi
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2 WEIGHT CONSTRUCTION

where #adultsi is the number of adults (i.e., 18 years and older) in the household
of the ith respondent, #smokersi is the number of adult smokers in the household,
and P̂i is an estimate of the probability that the household of the ith respondent
was called when the non-smoker quota was opened. Correspondingly, 1− P̂i is an
estimate of the probability that the household of the ith respondent was called
when the non-smoker quota was closed. Recall that #adultsi was capped at 4
to prevent large households from having too much influence on the weights (see
section 2.1); thus, #smokersi ≤ #adultsi ≤ 4.

Computation of the P̂i’s: there was no temporary closure of the non-smoker
quotas at wave 2. Hence, unlike the P̂i’s at wave 1 (see section 2.2.1), the wave 2
P̂i’s do not depend on the date the ith respondent was interviewed. However,
fieldwork progress varied by city, and thus the wave 2 P̂i’s depend on the city
of the ith respondent. Using data from the wave 2 call-logs in combination with
the method described in section 2.2.1,

P̂i =


0.62 if ith respondent resides in São Paulo

0.49 if ith respondent resides in Rio de Janeiro

0.26 if ith respondent resides in Porto Alegre

Step 2: Exactly as in step 2 of part A, the w
(1)
i weights were calibrated to smoking

prevalences by city/sex/age groups. This yielded the w
(2)
i weights.

Step 3: As usual, the w
(2)
i weights were rescaled to sum to sample size within each city.

This yielded the w
(3)
i weights.

Part C) Combining the weights computed in parts A and B:

• Combining the rescaled weights is trivial, and simply consists of putting the w
(3)
i

weights computed in part A together with the w
(3)
i weights computed in part B in

a single column.

• Combining the inflation weights is slightly more complicated. Putting the w
(2)
i

weights computed in part A together with the w
(2)
i weights computed in part B

in a single column would result in the weights summing to twice the estimated
number of smokers in each of the 18 calibration cells of step 2. To get around this,
the combined inflation weights are the combined rescaled weights computed above
and then re-calibrated to smoking prevalences as in step 2 of part A.

The coefficients of variation (cv’s) and the variable names/labels of the rescaled and
inflation weights obtained in part C are given in tables 1 and 2 below.

13
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2.3.3 Waves 1–2 longitudinal weights for non-smokers

Waves 1–2 longitudinal weights were computed for the 267 non-smokers recruited at
wave 1 that were retained and interviewed at wave 2. Note that 7 of these respondents
had started smoking by wave 2. However, as explained in section 2.3.1, these waves 1–2
longitudinal weights are designed to make respondents who completed both the waves 1
and 2 surveys representative of the population at the time of wave 1 not at the time of
wave 2. Consequently, if a respondent was recruited as a non-smoker, he/she will always
be considered as a non-smoker when computing his/her longitudinal weights, and that
regardless of his/her current smoking status. Note that this will not be the case when
computing the cross-sectional wave 2 weights for non-smokers who started smoking in
section 2.3.4 below.

Starting with the w
(0)
i weights, where w

(0)
i is the rescaled non-smoker weight of the ith

respondent computed in section 2.2.2, computation of the waves 1–2 longitudinal weights
for non-smokers proceeded as follows:

Step 1: The w
(0)
i weights were re-calibrated to non-smoking prevalences by city/sex/age

groups. This was done to compensate for different attrition rates between the
various city/sex/age groups. This post-stratification adjustment was done the
same way as in step 2 of section 2.2.2. Since the waves 1–2 longitudinal weights
are designed to make the 267 non-smokers who completed both the waves 1 and 2
surveys representative of the population of non-smokers at the time of wave 1,
the calibration figures in column 5 of table A.1 were used once again here. The
only difference is that some of the 19 cells used in step 2 of section 2.2.2 were
collapsed because they now contained to few respondents; this collapsing resulted
in a total of 15 cells, and the re-calibration yielded the w

(1)
i weights.

Step 2: As in step 3 of section 2.2.2, the w
(1)
i weights were rescaled to sum to sample size

within each city. This yielded the w
(2)
i weights.

The coefficients of variation (cv’s) and the variable names/labels of the w
(1)
i and w

(2)
i

weights are given in tables 1 and 2 below.

2.3.4 Cross-sectional wave 2 weights for non-smokers

Computation of the cross-sectional wave 2 weights for 608 respondents who completed
the non-smoker section of the wave 2 survey was divided into three parts:

Part A) Construction of the cross-sectional wave 2 weights for the 260 cohort non-
smokers. These are the 267 respondents mentioned in section 2.3.3 minus the

14
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7 respondents that were recruited as non-smokers at wave 1, but had started
smoking by wave 2. As mentioned in section 2.3.2, these 7 respondents were
assigned a cross-sectional wave 2 weight for smokers.

Part B) Construction of the cross-sectional wave 2 weights for the 348 non-smokers newly
recruited at wave 2.

Part C) Combining the weights computed in parts A and B.

Part A) Starting with w
(0)
i , the base/initial weight for the ith respondent computed

in step 1 of section 2.2.2, computation of the cross-sectional wave 2 weights for cohort
non-smokers proceeded as follows:

Step 1: As in step 2 of section 2.2.2, the w
(0)
i weights were then calibrated to non-smoking

prevalences by city/sex/age groups. To this end, age was divided into 3 intervals
(i.e., [18, 40), [40, 55) and [55, 100)); thus yielding the 18 city/sex/age cells of
table A.2. However, some of those 18 cells contained too few respondents and
were collapsed with cells with similar non-smoking prevalences; this resulted in
a total of 12 cells. Note that age is the age of the respondent at the time he/she
completed the wave 2 survey, not the age he/she was when initially recruited to
be part of the ITC Brazil Survey.

For respondents in cell Ck (k = 1, . . . , 12), this post-stratification adjustment

consisted in multiplying their w
(0)
i weights by N̂nsmk

k /tk to produce calibrated

w
(1)
i weights. These w

(1)
i weights are such that their sum over all respondents

in cell Ck is equal to N̂nsmk
k , the estimated number of non-smokers in that cell.

Let k be the cell to which the ith respondent belongs to, the w
(1)
i weight of that

respondent is given by

w
(1)
i = w

(0)
i × N̂nsmk

k

tk
= w

(0)
i × N̂nsmk

k∑
i∈Ck

w
(0)
i

where N̂nsmk
1 , . . . , N̂nsmk

12 are given in column 5 of table A.2 and Ck is the set of all

respondents in cell k. The estimated number of non-smokers (i.e., the N̂nsmk
k ’s)

were obtained by combining the same two surveys as in step 2 of section 2.3.2,
and by simply taking 1 minus the smoking prevalence figure as the corresponding
non-smoking prevalence figure.

Step 2: Lastly, as in step 3 of section 2.2.2, the w
(1)
i weights were rescaled to sum to

sample size within each city. This yielded the w
(2)
i weights.

Part B) Computation of the cross-sectional wave 2 weights for newly recruited non-
smokers proceeded as follows:

15
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Step 1: As in section 2.2.2, each respondent was assigned an initial weight w
(1)
i . The

initial weight of the ith respondent can be viewed as an adjustment for the prob-
ability of selection within his/her household while the non-smoker quota was

opened. Formally, the w
(1)
i weights are given by

w
(1)
i =

#adultsi

P̂i

where #adultsi is the number of adults (i.e., 18 years and older) in the household
of the ith respondent, and P̂i were given in section 2.3.2 (see step 1 of part B).

Step 2: The w
(1)
i weights were then calibrated to non-smoking prevalences by city/sex/age

groups. This was done the same way as in step 1 of part A and using the same
calibration figures. The only small difference is that the 18 city/sex/age cells

only needed to be collapsed into 14 cells instead of 12. This yielded the w
(2)
i

weights.

Step 3: As usual, the w
(2)
i weights were rescaled to sum to sample size within each city.

This yielded the w
(3)
i weights.

Part C) Combining the weights computed in parts A and B:

• Combining the rescaled weights is trivial, and simply consists of putting the w
(2)
i

weights computed in part A together with the w
(3)
i weights computed in part B in

a single column.

• Combining the inflation weights is slightly more complicated. Putting the w
(1)
i

weights computed in part A together with the w
(2)
i weights computed in part B in

a single column would result in the weights summing to twice the estimated number
of non-smokers in each of the calibration cells of step 1 of part A. To get around
this, the combined inflation weights are the combined rescaled weights computed
above and then re-calibrated to smoking prevalences as in step 1 of part A.

The coefficients of variation (cv’s) and the variable names/labels of the rescaled and
inflation weights obtained in part C are given in tables 1 and 2 below.

16
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CV
Weight Section Inflation Rescaled
Smokers

Waves 1–2 longitudinal weights 2.3.1 1.01 0.63
Cross-sectional wave 2 weights 2.3.2 1.05 0.85

Non-Smokers
Waves 1–2 longitudinal weights 2.3.3 0.97 0.67
Cross-sectional wave 2 weights 2.3.4 1.04 0.67

Normally, multiplying by a constant does not change the value of the cv. However, rescaling is

done on a per city basis in the ITC Brazil (see step 3 of section 2.2.1 for example). Since the

three cities have very different population sizes, the average of the inflation weights is quite

different in each city. Consequently, rescaling on a per city basis results in a different cv.

Table 1: Coefficients of variation (cv’s) of the various wave 2 weights.

Sections Varname/label
Weight Smokers Non-smokers Inflation Rescaled
Waves 1–2 longitudinal weights 2.3.1 2.3.3 bDE57921v bDE57923v

Cross-sectional wave 2 weights 2.3.2 2.3.4 bDE57915v bDE57919v

For each of those set of weights, no respondent can have both a smoker and a non-smoker

weight. Hence, the same two labels are used for both the smoker and the non-smoker weights.

Variables aFR57305 and bFR57305 allow data users to easily identify which respondents are

smokers and which are non-smokers at waves 1 and 2, respectively.

Table 2: Variable names/labels of the various wave 2 weights in the Brazil dataset.

2.4 Wave 3 weights

Six sets of weights were computed at wave 3:

i) Section 2.4.1 describes the computation of the waves 1–3 longitudinal weights for
smokers

ii) Section 2.4.2 describes the computation of the waves 2–3 longitudinal weights for
smokers

iii) Section 2.4.3 describes the computation of the cross-sectional wave 3 weights for
smokers

iv) Section 2.4.4 describes the computation of the waves 1–3 longitudinal weights for
non-smokers

v) Section 2.4.5 describes the computation of the waves 2–3 longitudinal weights for
non-smokers

17
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vi) Section 2.4.6 describes the computation of the cross-sectional wave 3 weights for
non-smokers

As in waves 1 and 2, inflation (i.e., un-rescaled) and rescaled versions the weights are
available for each of the six sets of weights. See beginning of section 2.2.1 for more
information.

2.4.1 Waves 1–3 longitudinal weights for smokers

Waves 1–3 longitudinal weights were computed for the 209 smokers recruited at wave 1
that were retained and interviewed at both waves 2 and 3. Note that 80 of these re-
spondents had quit smoking at wave 3. However, as mentioned in section 2.3.1, these
longitudinal weights are designed to make respondents who completed all three waves
representative of the population of smokers at the time of wave 1; not at the time of
waves 2 or 3. Consequently, if a respondent was recruited as a smoker, he/she will al-
ways be considered as a smoker when computing his/her longitudinal weights, and that
regardless of his/her current smoking status.

Starting with the w
(0)
i weights, where w

(0)
i is the rescaled waves 1-2 longitudinal weight of

the ith respondent computed in section 2.3.1, computation of the waves 1–3 longitudinal
weights for smokers proceeded as follows:

Step 1: The w
(0)
i weights were re-calibrated to smoking prevalences. This post-stratification

adjustment was done the same way and using the same calibration figures (i.e.,
column 4 of table A.1) as in step 2 of section 2.2.1. However, the 24 city/sex/age
cells used in step 2 of section 2.2.1 were collapsed into 6 city/sex cells because they

now contained to few respondents; this re-calibration yielded the w
(1)
i weights.

Step 2: As in step 3 of section 2.2.1, the w
(1)
i weights were rescaled to sum to sample size

within each city; i.e., to sum to nc = 65 in São Paulo, nc = 77 in Rio de Janeiro
and nc = 67 in Porto Alegre. This yielded the w

(2)
i weights.

The coefficients of variation (cv’s) and the variable names/labels of the w
(1)
i and w

(2)
i

weights are given in tables 3 and 4 below.

2.4.2 Waves 2–3 longitudinal weights for smokers

Waves 2–3 longitudinal weights were computed for the 478 respondents recruited as
smokers at either waves 1 or 2, and that were retained and interviewed at wave 3. Note
that some of these respondents had quit smoking at wave 3. However, as explained in
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the beginning of section 2.3.2, quitters are treated as smokers when computing sampling
weights in the ITC Brazil Survey (as well as in the vast majority of ITC surveys).

Starting with the w
(0)
i weights, where w

(0)
i is the rescaled cross-sectional wave 2 smoker

weight of the ith respondent computed in section 2.3.2, computation of the waves 2–3
longitudinal weights for smokers proceeded as follows:

Step 1: The w
(0)
i weights were re-calibrated to smoking prevalences by city/sex/age

groups. This was done to compensate for different attrition rates between the
various city/sex/age groups. This post-stratification adjustment was done the
same way as in step 2 (part A) of section 2.3.2. Since the waves 2–3 longitudinal
weights are designed to make these 478 respondents recruited as smokers at one
of the prior two waves representative of the population of smokers at the time
of wave 2, the calibration figures in column 4 of table A.2 were used once again
here. The only difference is that two of the 18 cells used in step 2 (part A) of
section 2.3.2 were collapsed together because they now contained to few respon-
dents; this collapsing resulted in a total of 17 cells, and the re-calibration yielded
the w

(1)
i weights.

Step 2: As in step 3 of section 2.2.1, the w
(1)
i weights were rescaled to sum to sample size

within each city.

The coefficients of variation (cv’s) and the variable names/labels of the w
(1)
i and w

(2)
i

weights are given in tables 3 and 4 below.

2.4.3 Cross-sectional wave 3 weights for smokers

Computation of the cross-sectional wave 3 weights for the 1358 respondents who com-
pleted the smoker section of the wave 3 survey was divided into three parts:

Part A) Construction of the cross-sectional wave 3 weights for the 481 cohort smokers.
These respondents consist of the 478 cohort smokers mentioned in section 2.4.2
above, and of 3 respondents that were recruited as non-smokers at waves 1 or 2,
but had started smoking by wave 3. Note that 142 of these cohort smokers
had quit smoking by wave 2, and that the comments made at the beginning
of section 2.3.2 (about treating quitters as smokers when computing sampling
weights) also apply here.

Part B) Construction of the cross-sectional wave 3 weights for the 877 smokers newly
recruited at wave 3.

Part C) Combining the weights computed in parts A and B.
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Part A) Computation of the cross-sectional wave 3 weights for cohort smokers proceeded
as follows:

Step 1: Each respondent was assigned a base/initial weight w
(0)
i :

• If ith respondent was a smoker at wave 2, w
(0)
i is his/her base/initial weight

computed in step 1 of section 2.2.1 if the respondent was recruited at wave 1
or the base/initial weight computed in step 1 (part A) of section 2.3.2 if the
respondent was recruited at wave 2.

• If the ith respondent is one of the 3 respondents recruited as a non-smoker,
w

(0)
i weight is the average of the base/initial weights amongst smokers of

the same city and with the same number of adults living in the household
as respondent i.

Step 2: As in step 2 of section 2.2.1, the w
(0)
i weights were then calibrated to smoking

prevalences by city/sex/age groups. To this end, age was divided into 3 intervals
(i.e., [18, 40), [40, 55) and [55, 100)); thus yielding the 18 city/sex/age cells of
table A.3. However, some of those 18 cells contained too few respondents and
were collapsed with cells with similar smoking prevalences; this resulted in a
total of 14 cells. Note that age is the age of the respondent at the time he/she
completed the wave 3 survey, not the age he/she was when initially recruited to
be part of the ITC Brazil Survey.

For respondents in cell Ck (k = 1, . . . , 14), this post-stratification adjustment

consisted in multiplying their w
(1)
i weights by N̂ smk

k /tk to produce calibrated w
(2)
i

weights. These w
(2)
i weights are such that their sum over all respondents in cell

Ck is equal to N̂ smk
k , the estimated number of smokers in that cell. Let k be the

cell to which the ith respondent belongs to, the w
(2)
i weight of that respondent is

given by

w
(2)
i = w

(1)
i × N̂ smk

k

tk
= w

(1)
i × N̂ smk

k∑
i∈Ck

w
(1)
i

where N̂ smk
1 , . . . , N̂ smk

14 are given in column 4 of table A.3 and Ck is the set of all

respondents in cell k. The estimated number of smokers (i.e., the N̂ smk
k ’s) were

obtained by combining prevalence estimates from the 2015 VIGITEL Survey
conducted by the Brazilian Ministry of Health with 2015 population estimates;
see appendix for further details.

Step 3: Lastly, as in step 3 of section 2.2.1, the w
(1)
i weights were rescaled to sum to

sample size within each city.

Part B) Computation of the cross-sectional wave 3 weights for newly recruited smokers
proceeded as follows:
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Step 1: As in section 2.2.1, each respondent was assigned an initial weight w
(1)
i . The ini-

tial weight of the ith respondent can be viewed as an adjustment for the probabil-
ity of selection within his/her household while the non-smoker and female smoker

quotas were opened and after they were closed. Formally, the w
(1)
i weights are

given by

w
(1)
i =

(
P̂ nsmk
i

#adultsi
+

(1 − P̂ nsmk
i ) × P̂ fem

i

#smokersi
+

(1 − P̂ nsmk
i ) × (1 − P̂ fem

i )

#male smokersi

)−1
where #adultsi is the number of adults (i.e., 18 years and older) in the household
of the ith respondent, #smokersi is the number of adult smokers in the household,
#male smokersi is the number of adult male smokers in the household, P̂ nsmk

i

is an estimate of the probability that the household of the ith respondent was
called when the non-smoker quota was opened, and P̂ fem

i is an estimate of the
probability that the household of the ith respondent was called when the female
smoker quota was opened. Recall that #adultsi was capped at 4 to prevent large
households from having too much influence on the weights (see section 2.1); thus,
#male smokersi ≤ #smokersi ≤ #adultsi ≤ 4.

Step 2: As in step 2 of part A, the w
(1)
i weights were calibrated to smoking prevalences

by city/sex/age groups. The only small difference is that the 18 city/sex/age

cells did not need to be collapsed. This yielded the w
(2)
i weights.

Step 3: As usual, the w
(2)
i weights were rescaled to sum to sample size within each city.

This yielded the w
(3)
i weights.

Part C) Combining the weights computed in parts A and B:

• Combining the rescaled weights is trivial, and simply consists of putting the w
(3)
i

weights computed in part A together with the w
(3)
i weights computed in part B in

a single column.

• Combining the inflation weights is slightly more complicated. Putting the w
(2)
i

weights computed in part A together with the w
(2)
i weights computed in part B

in a single column would result in the weights summing to twice the estimated
number of smokers in each of the 18 calibration cells of step 2. To get around this,
the combined inflation weights are the combined rescaled weights computed above
and then re-calibrated to smoking prevalences as in step 2 of part A.

The coefficients of variation (cv’s) and the variable names/labels of the rescaled and
inflation weights obtained in part C are given in tables 3 and 4 below.
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2.4.4 Waves 1–3 longitudinal weights for non-smokers

Waves 1–3 longitudinal weights were computed for the 144 non-smokers recruited at
wave 1 that were retained and interviewed at both waves 2 and 3. Note that 3 of these
respondents had started smoking by wave 3. However, as mentioned in section 2.3.3, these
longitudinal weights are designed to make respondents who completed all three waves
representative of the population of non-smokers at the time of wave 1. Consequently,
if a respondent was recruited as a non-smoker, he/she will always be considered as a
non-smoker when computing his/her longitudinal weights, and that regardless of his/her
current smoking status.

Starting with the w
(0)
i weights, where w

(0)
i is the rescaled waves 1–2 longitudinal weight of

the ith respondent computed in section 2.3.3, computation of the waves 1–3 longitudinal
weights for non-smokers proceeded as follows:

Step 1: The w
(0)
i weights were re-calibrated to non-smoking prevalences. This post-

stratification adjustment was done the same way and using the same calibration
figures (i.e., column 5 of table A.1) as in step 2 of section 2.2.2. However, the 19
city/sex/age cells used in step 2 of section 2.2.2 were collapsed into 6 city/sex
cells because they now contained to few respondents; this re-calibration yielded
the w

(1)
i weights.

Step 2: As in step 3 of section 2.2.2, the w
(1)
i weights were rescaled to sum to sample size

within each city.

The coefficients of variation (cv’s) and the variable names/labels of the w
(1)
i and w

(2)
i

weights are given in tables 3 and 4 below.

2.4.5 Waves 2–3 longitudinal weights for non-smokers

Waves 2–3 longitudinal weights were computed for the 276 respondents recruited as
non-smokers at either waves 1 or 2, and that were retained and interviewed at wave 3.
Note that some of these respondents had started smoking at wave 3. However, these
longitudinal weights are designed to make those 276 respondents representative of the
population of non-smokers at the time of wave 2; not wave 1 nor wave 3. Consequently,
if a respondent recruited at wave 1 had started smoking by wave 2, he/she will not
receive a waves 2–3 longitudinal non-smoker weights, but will rather receive a waves 2–3
longitudinal smoker weights.

Starting with the w
(0)
i weights, where w

(0)
i is the rescaled cross-sectional wave 2 non-

smoker weight of the ith respondent computed in section 2.3.4, computation of the waves
2–3 longitudinal weights for non-smokers proceeded as follows:
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Step 1: The w
(0)
i weights were re-calibrated to non-smoking prevalences by city/sex/age

groups. This was done to compensate for different attrition rates between the
various city/sex/age groups. This post-stratification adjustment was done the
same way and using the same calibration figures (i.e., column 5 of table A.2)
as in step 1 (part A) of section 2.3.4. The only small difference is that the 18
city/sex/age cells only needed to be collapsed into 15 cells instead of 12. This

yielded the w
(1)
i weights.

Step 2: As in step 3 of section 2.2.2, the w
(1)
i weights were rescaled to sum to sample size

within each city. This yielded the w
(2)
i weights.

The coefficients of variation (cv’s) and the variable names/labels of the w
(1)
i and w

(2)
i

weights are given in tables 3 and 4 below.

2.4.6 Cross-sectional wave 3 weights for non-smokers

Computation of the cross-sectional wave 3 weights for 470 respondents who completed
the non-smoker section of the wave 3 survey was divided into three parts:

Part A) Construction of the cross-sectional wave 3 weights for the 273 cohort non-
smokers. These are the 276 respondents mentioned in section 2.4.5 above minus
the 3 respondents that were recruited as non-smokers, but had started smoking
by wave 3. As mentioned in section 2.4.3, these 3 respondents were assigned a
cross-sectional wave 3 weight for smokers.

Part B) Construction of the cross-sectional wave 3 weights for the 197 non-smokers newly
recruited at wave 2.

Part C) Combining the weights computed in parts A and B.

Part A) Computation of the cross-sectional wave 3 weights for cohort non-smokers
proceeded as follows:

Step 1: Each respondent was assigned a base/initial weight w
(0)
i . If ith respondent was

recruited at wave 1, his/her base/initial weight was computed in step 1 of sec-
tion 2.2.1; if ith respondent was recruited at wave 2, his/her base/initial weight
was computed in step 1 (part B) of section 2.3.4.
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Step 2: As in step 2 of section 2.2.2, the w
(0)
i weights were then calibrated to non-smoking

prevalences by city/sex/age groups. To this end, age was divided into 3 intervals
(i.e., [18, 40), [40, 55) and [55, 100)); thus yielding the 18 city/sex/age cells of
table A.2. However, some of those 18 cells contained too few respondents and
were collapsed with cells with similar non-smoking prevalences; this resulted in
a total of 14 cells. Note that age is the age of the respondent at the time he/she
completed the wave 3 survey, not the age he/she was when initially recruited to
be part of the ITC Brazil Survey.

For respondents in cell Ck (k = 1, . . . , 14), this post-stratification adjustment

consisted in multiplying their w
(0)
i weights by N̂nsmk

k /tk to produce calibrated

w
(1)
i weights. These w

(1)
i weights are such that their sum over all respondents

in cell Ck is equal to N̂nsmk
k , the estimated number of non-smokers in that cell.

Let k be the cell to which the ith respondent belongs to, the w
(1)
i weight of that

respondent is given by

w
(1)
i = w

(0)
i × N̂nsmk

k

tk
= w

(0)
i × N̂nsmk

k∑
i∈Ck

w
(0)
i

where N̂nsmk
1 , . . . , N̂nsmk

14 are given in column 5 of table A.3 and Ck is the set of all

respondents in cell k. The estimated number of non-smokers (i.e., the N̂nsmk
k ’s)

were obtained by combining the same two surveys as in step 2 of section 2.4.3,
and by simply taking 1 minus the smoking prevalence figure as the corresponding
non-smoking prevalence figure.

Step 3: Lastly, as in step 3 of section 2.2.2, the w
(1)
i weights were rescaled to sum to

sample size within each city. This yielded the w
(2)
i weights.

Part B) Computation of the cross-sectional wave 3 weights for newly recruited non-
smokers proceeded as follows:

Step 1: As in section 2.2.2, each respondent was assigned an initial weight w
(1)
i . The

initial weight of the ith respondent can be viewed as an adjustment for the prob-
ability of selection within his/her household while the non-smoker quota was.

Formally, the w
(1)
i weights are given by

w
(1)
i =

#adultsi

P̂ nsmk
i

where #adultsi is the number of adults (i.e., 18 years and older) in the household
of the ith respondent, and P̂i were given in section 2.4.3 (see step 1 of part B).
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2 WEIGHT CONSTRUCTION

Step 2: The w
(1)
i weights were then calibrated to non-smoking prevalences by city/sex/age

groups. This was done the same way as in step 2 of part A and using the same
calibration figures. The only small difference is that the 18 city/sex/age cells

needed to be collapsed into 11 cells instead of 14. This yielded the w
(2)
i weights.

Step 3: As usual, the w
(2)
i weights were rescaled to sum to sample size within each city.

This yielded the w
(3)
i weights.

Part C) Combining the weights computed in parts A and B:

• Combining the rescaled weights is trivial, and simply consists of putting the w
(2)
i

weights computed in part A together with the w
(3)
i weights computed in part B in

a single column.

• The combined inflation weights are the combined rescaled weights computed above
and then re-calibrated to smoking prevalences as in step 2 of part A.

The coefficients of variation (cv’s) and the variable names/labels of the rescaled and
inflation weights obtained in part C are given in tables 3 and 4 below.

CV
Weight Section Inflation Rescaled
Smokers

Waves 1–3 longitudinal weights 2.4.1 1.00 0.63
Waves 2–3 longitudinal weights 2.4.2 1.08 0.95
Cross-sectional wave 3 weights 2.4.3 1.33 1.01

Non-Smokers
Waves 1–3 longitudinal weights 2.4.4 1.01 0.68
Waves 2–3 longitudinal weights 2.4.5 1.22 0.77
Cross-sectional wave 3 weights 2.4.6 1.14 0.74

Normally, multiplying by a constant does not change the value of the cv. However, rescaling is

done on a per city basis in the ITC Brazil (see step 3 of section 2.2.1 for example). Since the

three cities have very different population sizes, the average of the inflation weights is quite

different in each city. Consequently, rescaling on a per city basis results in a different cv.

Table 3: Coefficients of variation (cv’s) of the various wave 3 weights.
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3 WHICH WEIGHTS SHOULD BE USED

Sections Varname/label
Weight Smokers Non-smokers Inflation Rescaled
Waves 1–3 longitudinal weights 2.4.1 2.4.4 cDE57921v cDE57923v

Waves 2–3 longitudinal weights 2.4.2 2.4.5 cDE57925v cDE57927v

Cross-sectional wave 3 weights 2.4.3 2.4.6 cDE57915v cDE57919v

For each of those set of weights, no respondent can have both a smoker and a non-smoker

weight. Hence, the same two labels are used for both the smoker and the non-smoker weights.

Variables aFR57305, bFR57305 and cFR57305 allow data users to easily identify which

respondents are smokers and which are non-smokers at waves 1, 2 and 3, respectively.

Table 4: Variable names/labels of the various wave 3 weights in the Brazil dataset.

3 Which weights should be used

In conjunction with the description of weight construction provided in sections 2.2–2.4,
this section provides some guidance on which weights to use depending on the analysis
being carried out.

It should first be mentioned that females are over-represented in the ITC Brazil sample.
This was not done on purpose, and fieldwork was conducted at various times of the
day and on different days of the week (including the weekend). Even so, women were
more likely to complete the survey than men. To correct for this, gender quotas were
introduced. However, this was only implemented starting with the wave 3 replenishment
sample. Consequently, 701 of the 1358 (or 51.6%) respondents who completed the smoker
section of the wave 3 survey are women; whereas about 44.0% of the smoker population
of the three cities combined are women. It is thus essential to use survey weights in
all analyses, as results will be biased towards opinions and attitudes of female smokers
otherwise.

A total of 12 sets of weights were computed for the ITC Brazil Survey:

• The target population for the 6 sets of weights for smokers is the adult (i.e., 18
years and older) population of smokers1 residing in São Paulo, Rio de Janeiro and
Porto Alegre.

◦ The cross-sectional wave 1 weights for smokers (computed in section 2.2.1) are
designed to make the 1215 smokers, who completed the wave 1 survey, represen-
tative of the target population of smokers at the time of wave 1 (i.e., Apr – Jun
2009). They are the most appropriate weights to use in analyses involving wave 1

1In the ITC Brazil Survey, a smoker is defined as someone who has smoked 100 cigarettes or more
in his/her lifetime and smoked at least once in the 30 days prior to being recruited.
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3 WHICH WEIGHTS SHOULD BE USED

data only, and to make descriptive and/or analytical inference on that popula-
tion at that given point in time. They are also the weights we recommend using
for respondents recruited at wave 1 in generalized estimating equation (GEE)
analyses involving data from multiple waves (see below).

◦ The cross-sectional wave 2 weights for smokers (computed in section 2.3.2) are
designed to make the 1222 respondents, who completed the smoker section of
the wave 2 survey, representative of the target population of smokers at the time
of wave 2 (i.e., Oct 2012 – Feb 2013). They are the most appropriate weights
to use in analyses involving wave 2 data only, and to make descriptive and/or
analytical inference on that population at that given point in time. They are
also the weights we recommend using for respondents recruited at wave 2 in
generalized estimating equation (GEE) analyses involving data from multiple
waves (see below).

◦ The cross-sectional wave 3 weights for smokers (computed in section 2.4.3) are
designed to make the 1358 respondents, who completed the smoker section of the
wave 3 survey, representative of the target population of smokers at the time
of wave 3 (i.e., Sep 2016 – Feb 2017). They are the most appropriate weights
to use in analyses involving wave 3 data only, and to make descriptive and/or
analytical inference on that population at that given point in time. They are
also the weights we recommend using for respondents recruited at wave 3 in
generalized estimating equation (GEE) analyses involving data from multiple
waves (see below).

◦ The waves 1–2 longitudinal weights for smokers (computed in section 2.3.1) are
designed to make the 488 smokers (and recent quitters), who completed both
the waves 1 and 2 surveys, representative of that same target population at
the time of wave 1. They are the most appropriate weights when conducting
longitudinal analyses using respondents who completed both waves, and to make
analytical inference on how the target population evolved between waves 1 and 2.
For example, longitudinal studies of how proximal variables predict outcomes
in the subsequent waves, and how baseline differences in policies affect those
relationships.

◦ The waves 1–3 longitudinal weights for smokers (computed in section 2.4.1) are
designed to make the 209 smokers (and recent quitters), who completed all three
waves, representative of the target population at the time of wave 1. Because
of attrition, the longitudinal sample gets a little less representative of the target
population at each wave.

◦ The waves 2–3 longitudinal weights for smokers (computed in section 2.4.2) are
designed to make the 478 smokers (and recent quitters), who completed waves 2
and 3, representative of that the target population at the time of wave 2.
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3 WHICH WEIGHTS SHOULD BE USED

• The target population for the 6 sets of weights for non-smokers is the adult (i.e., 18
years and older) population of non-smokers1 residing in São Paulo, Rio de Janeiro
and Porto Alegre.

The explanations and recommendations given above for the 6 sets of weights for
smokers also apply here; after making the obvious updates to section numbers
and changing the number of smokers to the number of non-smokers. For example,
the cross-sectional wave 1 weights for non-smokers (computed in section 2.2.2)
are designed to make the 610 non-smokers, who completed the wave 1 survey,
representative of the target population of non-smokers at the time of wave 1 (i.e.,
Apr – Jun 2009). They are the most appropriate weights to use in analyses involving
wave 1 data only, and to make descriptive and/or analytical inference on that
population at that given point in time. They are also the weights we recommend
using for respondents recruited at wave 1 in generalized estimating equation (GEE)
analyses involving data from multiple waves (see below).

As with other surveys and other longitudinal surveys, it is good practice to include the
survey design variables and the variables used in the weight construction, when fitting
statistical models (e.g, linear or logistic regression models) using ITC Brazil data. Hence,
we highly recommend that any statistical model includes age (labelled age, continuous,
and agegrp, categorical, in the dataset) and gender (labelled sex in the dataset) as
covariates, and city (labelled astrata, bstrata and cstrata in the dataset) either as a
covariate or as the stratification variable.

3.1 Inflation versus rescaled weights

As noted above, 12 sets of weights were computed for the ITC Brazil Survey. In each set,
every qualified respondent was assigned two weights: an inflation or un-rescaled weight,
and the corresponding rescaled weight. Both are calibrated to smoking (non-smoking)
prevalences. In addition, the rescaled weights were multiplied by a constant to ensure
that they sum to the corresponding sample size (e.g., see step 3 of section 2.2.1). As
mentioned at the beginning of section 2.2.1, the main reason for this rescaling is to
facilitate joint analyses involving data from all three cities, as well as comparisons with
other countries part of the ITC Project.

Using the data from table A.3, there were about 1.2 million smokers in São Paulo at the
time of wave 3, and the inflation weights thus sum to that figure. If we compare to the
other two cities, there were about 169,000 smokers in Porto Alegre and about 635,000
smokers in Rio de Janeiro at the time of wave 3. Hence, if the wave 3 inflation weights

1In the ITC Brazil Survey, a non-smoker is defined as someone who has smoked less that 100 cigarettes
in his/her lifetime or did not smoked in the 30 days prior to begin recruited.
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3 WHICH WEIGHTS SHOULD BE USED

are used, any analysis using data from all three cities will be dominated by São Paulo
(as its population of smokers is twice that of Rio de Janeiro and 7 times larger than that
of Porto Alegre). This is a valid approach if the aim is to make descriptive inference on
the overall population of 2 million smokers residing in the three cities.

On the other hand, the rescaled wave 3 weights (computed in section 2.4.3) will sum to
460 in São Paulo (the number of adult smokers who completed the wave 3 survey), 449
in Porto Alegre and 449 in Rio de Janeiro. Hence, if the rescaled weights are used, the
three cities will have about the same impact on the results. These are the weights to use
when the aim is analytical inference (i.e., statistical inference about probabilistic models,
causal mechanisms or parameters of a super-population) on smokers residing in the three
cities. In summary, rescaling the weights to sum to sample size is a simple and efficient
way to make cities (and countries) with vastly different population sizes comparable.

3.2 Generalized estimating equations

Generalized estimating equations (GEE) is a popular statistical tool when analysing ITC
data. It is especially useful when the aim is to assess the effect of a new tobacco control
policy in a given country. In such a situation, the GEE analysis would involve data from
both the wave prior to that new policy and the wave post policy for that given country,
as well as data from one or more other ITC country(ies) where no such policy was(were)
implemented to act as a “control” group(s). The analysis would then test if the changes
between the pre and post waves in that given country were statistically different than
changes happening in other countries over the same (or comparable) time period. Which
sampling weights should be used for such analyses, and for GEE analyses in general?
Though this is still an active research topic in survey methodology and that there is
thus no formal consensus at this point in time, we recommend using the cross-sectional
weights at the wave the respondent was recruited. For example, if a respondent was
recruited at wave 1, then his/her wave 1 cross-sectional weight would be used for all of
his/her data points (i.e., his/her wave 1 responses obviously, but also his/her waves 2, 3,
etc. responses). Likewise, if the respondent was recruited at wave 2, then his/her wave 2
cross-sectional weight would be used for all of his/her data points.
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APPENDIX

Appendix: Benchmark/calibration figures

The estimated number of smokers and non-smokers given in table A.1 were obtained by
combining population estimates from the Instituto Brasileiro de Geografia e Estat̀ıstica
(IBGE; Brazilian Institute of Geography and Statistics) to prevalence estimates from the
2003 Brazilian National Household Survey, which was also conducted by the IBGE. To
estimate the number of smokers, population estimates for a given city/sex/age group
combination were simply multiplied by the smoking prevalence for the same city/sex/age
group combination. Estimation of the number of non-smokers proceeded the same way,
except that population estimates were multiplied by one minus the smoking prevalence
of the corresponding city/sex/age group combination. The population estimates are for
2008, and are based on the 2000 Brazilian Census.

The estimated number of smokers and non-smokers given in tables A.2 and A.3 were
obtained in a similar manner, but using updated population and smoking prevalence
estimates; see step 2 of part A in section 2.3.2 for table A.2, and step 2 of part A in
section 2.4.3 for table A.3.

31

https://ww2.ibge.gov.br/english/


APPENDIX

City Sex Age #smokers #non-smokers

São Paulo male [18, 25) 128,410 513,638a

male [25, 40) 277,956 1,084,572a

male [40, 55) 327,369 632,657
male [55, 100) 163,944 536,670
female [18, 25) 81,648 587,595b

female [25, 40) 324,219 1,176,794b

female [40, 55) 222,939 914,506
female [55, 100) 133,113 867,733

Rio de Janeiro male [18, 25) 37,776 290,712c

male [25, 40) 132,563 576,331c

male [40, 55) 166,502 394,112
male [55, 100) 92,175 392,957
female [18, 25) 27,045 306,848
female [25, 40) 132,562 633,694
female [40, 55) 174,592 502,120
female [55, 100) 75,688 652,081

Porto Alegre male [18, 25) 24,000 58,475d

male [25, 40) 51,506 114,108d

male [40, 55) 42,360 87,182
male [55, 100) 24,081 82,944
female [18, 25) 21,282 59,947e

female [25, 40) 41,892 134,869e

female [40, 55) 48,349 110,173
female [55, 100) 23,208 144,965

Cells sharing the same letters (a, b, etc.) were collapsed when computing

the wave 1 non-smoker weights (see section 2.2.2).

Table A.1: Estimated # of smokers and non-smokers, per city/sex/age group, used for
calibration of the wave 1 weights, and of the waves 1–2 and 1–3 longitudinal weights.
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City Sex Age #smokers #non-smokers

São Paulo male [18, 40) 397,401 1,706,400a

male [40, 55) 286,091 754,239a

male [55, 100) 144,278 644,126a

female [18, 40) 282,431 1,962,333
female [40, 55) 240,265 967,099
female [55, 100) 116,323 1,002,171

Rio de Janeiro male [18, 40) 203,830 897,408b

male [40, 55) 127,114 469,663b

male [55, 100) 104,694 418,776b

female [18, 40) 118,144 1,044,211
female [40, 55) 135,883 568,174
female [55, 100) 85,945 695,372

Porto Alegre male [18, 40) 62,568 183,882c

male [40, 55) 37,726 91,916c

male [55, 100) 20,757 94,559c

female [18, 40) 48,178 213,421
female [40, 55) 37,131 120,873
female [55, 100) 23,600 155,188

Cells sharing the same letters (a, b, etc.) were collapsed when computing the

cross-sectional wave 2 weights for non-smokers (see part A of section 2.3.4).

Table A.2: Estimated # of smokers and non-smokers, per city/sex/age group, used
for calibration of the cross-sectional wave 2 weights, and of the waves 2–3 longitudinal
weights.
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City Sex Age #smokers #non-smokers

São Paulo male [18, 40) 269,506 1852,433a

male [40, 55) 236,306 927,762a

male [55, 100) 155,554 781,518a

female [18, 40) 227,639 1,959,440b

female [40, 55) 178,556 1,096,844b

female [55, 100) 174,278 1,126,305

Rio de Janeiro male [18, 40) 169,662 930,187
male [40, 55) 78,455 544,203c

male [55, 100) 90,788 498,746c

female [18, 40) 104,766 997,313d

female [40, 55) 118,893 568,351d

female [55, 100) 72,302 788,437

Porto Alegre male [18, 40) 50,684 205,637
male [40, 55) 22,408 107,118e

male [55, 100) 15,317 120,228e

female [18, 40) 35,205 229,951f

female [40, 55) 24,983 125,517f

female [55, 100) 20,404 185,699

Cells sharing the same letters (a, b, etc.) were collapsed when computing the

cross-sectional wave 3 weights for non-smokers (see part A of section 2.4.6).

Table A.3: Estimated # of smokers and non-smokers, per city/sex/age group, used for
calibration of the cross-sectional wave 3 weights.
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