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Abstract

The objective of this study is to assess the impact of applying prevalences derived from a small-area model at a
regional level on smoking-attributable mortality (SAM). A prevalence-dependent method was used to estimate
SAM. Prevalences of tobacco use were derived from a small-area model. SAM and population attributable frac-
tion (PAF) estimates were compared against those calculated by pooling data from three national health surveys
conducted in Spain (2011-2014-2017). We calculated the relative changes between the two estimates and
assessed the width of the 95% Cl of the PAF. Applying surveys-based prevalences, tobacco use was estimated
to cause 53825 (95% Cl: 53 182-54 342) deaths in Spain in 2017, a figure 3.8% lower obtained with the small-area
model prevalences. The lowest relative change was observed in the Castile-La Mancha region (1.1%) and the
highest in Navarre (14.1%). The median relative change between regions was higher for women (26.1%), popu-
lation aged >65years (6.6%), and cardiometabolic diseases (9.0%). The differences between PAF by cause of
death were never greater than 2%. Overall, the differences between estimates of SAM, PAF, and confidence
interval width are small when using prevalences from both sources. Having these data available by region will
allow decision-makers to implement smoking control measures based on more accurate data.

Introduction

moking is one of the leading causes of death in developed coun-

tries, and to assess its impact at a population level, different
indicators for monitoring have been developed. In Spain, there are
several data sources that furnish information on smoking preva-
lence. Two of these are the National Health Survey (Encuesta
Nacional de Salud de Espana/ENSE) [1] and the European Health
Survey in Spain (Encuesta Europea de Salud para Espana/EESE) [2].
However, the capacity of national health surveys for furnishing
prevalence of risk factors at a regional level is limited when it is
estimated by sex and age. This is due to their sample size (approxi-
mately 23 000 persons/year in the National Health Survey and 22 000
persons/year in the European Health Survey in Spain), which does
not allow for accurate estimates of regional tobacco use broken
down by sociodemographic variables.

In Spain, the impact of tobacco use on mortality has been esti-
mated, but these estimates have generally been made at a national
level [3, 4]. In 2017, smoking-attributable mortality (SAM) was first
estimated in the country’s 17 autonomous regions by applying a
prevalence-dependent method [5]. In order to obtain smoking
prevalence at the autonomous regions level by sex and age group,

with adequate precision, the information furnished by two National
Health Surveys (2011-2012 and 2017) and one European Health
Survey in Spain (2014) [2, 6] had to be analysed jointly. The draw-
back of this method is that the impact of pooling the three surveys
on the finally estimated prevalence will vary depending on the evo-
lution of the tobacco epidemic in each of the 17 autonomous
regions. Hence, if the sex- and age-related prevalence in the respect-
ive autonomous regions is stable, the impact will be limited, but if
there are changes in prevalence, these might be diluted as a conse-
quence of the pooling of the surveys. As smoking prevalence is one
of the data needed to estimate SAM, changes in this indicator will
also affect estimates of attributed mortality. Thus, the problem with
pooling surveys from different years is that they may be stabilizing
increases and decreases in smoking prevalence, resulting in them
overestimating or underestimating mortality attributed to tobacco
use. In order to overcome this limitation, a small-area model was
fitted, making it possible, for the first time in Spain, to obtain the
prevalence of smokers, ex-smokers, and never-smokers for the 17
autonomous regions, by sex and five age groups [7]. This model is
based on aggregated data from a single health survey and smoking-
related auxiliary variables sourced from administrative records.
These auxiliary variables included educational level, degree of
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urbanization, percentage population living on the coast or in the
interior, occupation, and percentage of hospitalizations due to lung
cancer or chronic obstructive pulmonary disease (COPD), among
other variables [7].

Thus, the dual aim of this study was: first, to estimate SAM in
2017, along with its 95% confidence interval (95% CI), by sex and
age group in the 17 autonomous regions, applying smoking preva-
lence based on a small-area model; and second, to compare these
results against the previous SAM estimate obtained for the 17 au-
tonomous regions in 2017 using prevalence derived from the pool-
ing of three national health surveys.

Methods

Calculation procedure

To estimate SAM, we used a prevalence-dependent method based on
the calculation of population attributable fractions (PAFs), in accord-
ance with the STREAMS-P tool guidelines [8]. The PAF is based on
knowledge of the prevalence of smokers, ex-smokers, and never-
smokers, and the risk of smokers and ex-smokers to develop
tobacco-related disease as compared with never smokers [9]. Once
the PAFs have been calculated, these are then multiplied by the
observed mortality to get the SAM. More detailed information on
the calculation methodology can be found in a previous publication [5].

Data sources

Observed mortality was obtained from the National Statistics
Institute of Spain for 2017, by sex, age group, and smoking-
related causes of death according to the most recent Surgeon
General’s report [10]. Observed all-cause mortality deaths by sex,
along with their International Classification of Diseases-10th
Revision (ICD-10) codes, are shown in Supplementary Tables S1
and S2. The relative risks (RRs) for smokers and ex-smokers as
compared with never smokers, by cause of death, sex, and age group,
come from the follow-up of five US cohorts [10], which involved
almost 1 million people across the period 2000-2010. The RRs used
are listed in Supplementary Table S3. The prevalence of smokers, ex-
smokers, and never-smokers by autonomous region, sex, and age
group was estimated using a mixed multinomial logistic model with
random area effects, applying data from the 2017 National Health
Survey. This model relates aggregated data on smoking by autono-
mous region, sex, and age group (areas) with auxiliary information
at an area level sourced from different administrative records. From
now on, this model will be referred to as the small-area model. In
both the nine editions of the National Health Survey published be-
tween 1987 and 2017 and the three editions of the European Health
Survey in Spain published between 2009 and 2020, the question to
define tobacco use was ‘Do you currently smoke? A smoker was
defined as a person who answered ‘yes, I smoke daily’ or ‘yes, I
smoke, but not daily’; an ex-smoker was defined as a person who
answered ‘I do not smoke, but I have smoked’; and a never smoker
was defined as a person who answered ‘I do not smoke, nor have I
ever smoked on a regular basis’. The prevalence obtained with the
small-area model is shown in Supplementary Table S4. More
detailed information on the methodology of calculating the preva-
lence can be found in a previous study [7].

Ethical approval was not required as this study is not conducted
on human participants including identifiable human material or
identifiable data and no human intervention is performed.

Analysis

The PAFs and SAM were estimated for each autonomous region by
sex, age group (35-64, 65 years and over), and large groups of causes
of death (tumors, cardiometabolic, and respiratory diseases). The
SAM and PAF estimates were accompanied by their 95% Cls. The
95% CI of the PAF was calculated using a naive bootstrap procedure,

and based on this, the CI of SAM was obtained. As a first step, we
generated a bootstrap sample of 1000 replications of the prevalence
of smokers, ex-smokers, and never smokers, and on the basis of this
sample, then obtained a bootstrap sample of PAF, assuming that the
RRs were measured without sampling error. The CI of the PAF was
calculated using the Efron percentile method, so that the 95% CI
limits are the 2.5th and 97.5th percentiles of the bootstrap distribu-
tion [11].

The SAM and PAF estimates based on pooled-survey prevalence
[5] were compared with those obtained using prevalence from the
small-area model [7], by reference to the percentage of relative
change. The relative change was calculated on the basis of the
PAF, taking survey-based estimates as reference:

PAF); — PAF PAF
RC ="M TE L 100 = M _ 1) %100
PAF; F

where RC is the relative change, PAF); is the PAF calculated using
prevalence from the small-area model, and PAFy is the PAF calcu-
lated using survey-based prevalence.

To compare the precision of the two estimates, we used the width
of the 95% CI of the PAFs, which were broken down by sex, age
group, and cause of death via quartiles.

The comparison refers to 2017 as it is the year for which the SAM
in the previous study was estimated. However, no changes are
expected in the conclusions if the estimate refers to another year.

All calculations were performed using the Stata v16.1 computer
software program.

Results

In 2017, 53 825 (95% CI: 53 182-54 342) persons died in Spain due
to tobacco use when SAM was estimated using pooled survey-based
prevalences. When SAM was estimated using prevalences derived
from the small-area model, 55847 (95% CI: 55065-57082) died,
amounting to a difference of 3.8% between the two estimates. If
the data are analysed by autonomous regions, then SAM estimated
on the basis of prevalence from the small-area model rises in all
autonomous regions except Andalusia, where it falls by 2.4%, going
from 9469 (95% CI: 9177-9743) to 9243 deaths (95% CI: 8852-
9646). In the remaining autonomous regions, the relative changes
in SAM ranged from 1.1% in Castile-La Mancha (from 2488 [95%
CI: 2350-2601] to 2516 [95% CI: 2430-2684]) to 14.1% in Navarre
(from 716 [95% CI: 671-759] to 817 [95% CI: 782-862]) (Table 1).
When SAM estimates in the autonomous regions were broken down
by sex, age group, and cause of death, the highest relative changes
were observed in women, with a median of 26.1% versus 0.8% in
men and in the >65-year age group versus the 35-64 age group
(6.6% vs. 0). By cause of death, the median relative change was 9.0%
for cardiometabolic diseases, 4.0% for respiratory diseases, and 3.1%
for tumors (Supplementary Table S5). SAM estimated using the
small-area model prevalence and pooled survey-based prevalence
by region, cause of death, and sex can be found in Supplementary
Tables S6 and S7.

In terms of the PAF, the estimate for Spain overall went from 25.9%
(95% CI: 25.6-26.2) using survey-based prevalence to 26.9% (95% CI:
26.5-27.5) using prevalence from the small-area model. The difference
of the widths of the CIs was also higher for estimations based on the
prevalence from the small-area model (0.95 vs. 0.54). In men, the most
pronounced differences between PAFs were observed in Navarre,
where the PAF ranged from 36.3% (95% CI 33.6-38.5) using survey-
based prevalence to 38.9% (95% CI 37.2-40.6) using prevalence derived
from the small-area model. In women, these differences were observed
in La Rioja, where the PAF ranged from 7.3% (95% CI: 5.9-8.8) using
survey-based prevalence to 11.0% (95% CI: 10.2-12.3) using small-area
model prevalence (Table 2). Figure 1 shows the PAF estimates obtained
using prevalence from the small-area model and the surveys, along with
their 95% ClIs, by autonomous region and cause of death. Except for
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Table 1. Smoking-attributable mortality (SAM) overall and in men and women, using prevalences based on a small-area model and on
pooled population surveys, accompanied by their 95% confidence intervals (95% Cls)

Overall

Men

Women

Model-based

prevalences

Pooled survey-based
prevalences

Model-based
prevalences

Pooled survey-based
prevalences

Model-based

prevalences

Pooled survey-based
prevalences

Autonomous SAM 95% CI SAM  95% CI SAM 95% Cl SAM  95% CI SAM 95% Cl SAM  95% QI
region

Andalusia 9243 8852 9646 9469 9176 9743 7810 7508 8111 8218 7970 8443 1433 1209 1676 1251 1100 1414
Aragon 1918 1827 2023 1805 1732 1880 1588 1495 1665 1550 1490 1612 329 298 397 256 215 295
Asturias, Principality of 1702 1630 1799 1616 1530 1692 1411 1340 1483 1357 1282 1425 291 262 347 258 219 298
Balearic Isles 1211 1165 1285 1173 1114 1227 947 897 1015 942 897 983 264 248 291 231 192 266
Canary Islands 2325 2190 2506 2298 2170 2408 1792 1695 1904 1831 1748 1906 533 440 684 467 370 552
Cantabria 792 754 844 755 722 785 637 606 678 635 607 660 154 136 183 119 103 136
Castile and Leon 3435 3282 3631 3256 3127 3374 2894 2769 3018 2856 2752 2957 541 475 694 400 338 468
Castile-La Mancha 2516 2430 2684 2488 2350 2601 2244 2143 2370 2260 2157 2342 272 254 368 228 150 318
Catalonia 8880 8619 9228 8283 8048 8513 7344 7079 7616 7129 6921 7320 1535 1451 1690 1154 1044 1274
Valencian Region 6183 5904 6523 5968 5754 6152 5012 4738 5260 5031 4855 5205 1171 1068 1380 936 836 1043
Extremadura 1623 1570 1727 1562 1502 1618 1424 1362 1491 1426 1379 1472 199 184 272 136 106 169
Galicia 3720 3589 3883 3618 3462 3770 3097 2964 3234 3099 2966 3227 622 577 698 519 435 605
Madrid Region 6664 6299 7054 6310 6075 6504 4869 4643 5092 4818 4675 4951 1795 1503 2126 1492 1331 1659
Region of Murcia 1565 1504 1651 1446 1366 1515 1358 1297 1433 1289 1218 1351 207 192 239 157 126 190
Navarre 817 782 862 716 671 759 635 608 663 593 549 629 182 156 218 123 102 148
Basque Country 2902 2752 3077 2738 2625 2850 2235 2117 2344 2208 2123 2298 667 555 821 529 449 607
Rioja, La 351 334 373 325 305 345 280 263 297 277 259 294 72 67 80 48 38 57

Table 2. Population attributable fractions (PAFs) in each autonomous region and their relative change (RC), overall and in men and
women, using prevalences based on a small-area model and on pooled population surveys, accompanied by 95% confidence intervals

(95% Cls)

Overall Men Women

Model-based Pooled Model-based Pooled Model-based Pooled

prevalences survey-based prevalences survey-based prevalences survey-based

prevalences prevalences prevalences

Autonomous PAF 95% Cl PAF 95% Cl % PAF 95% Cl PAF 95% CI % SAM 95% ClI SAM 95% ClI %
region RC RC RC
Andalusia 253 242 264 259 25.1 26.6 -2.4 383 36.8 39.8 403 39.1 414 -50 89 75 104 7.7 6.8 87 146
Aragon 255 243 269 241 231 250 6.2 377 355 396 368 354 383 25 100 90 120 78 65 9.0 287
Asturias, Principality of 25.8 24.7 27.3 245 23.2 257 53 392 37.2 411 377 356 395 40 97 88 116 86 73 100 126
Balearic Isles 29.4 283 312 285 27.0 298 33 407 385 436 405 385 422 05 147 138 16.2 129 10.7 149 145
Canary Islands 30.5 287 32.8 30.1 284 315 1.2 40.2 38.1 428 41.1 393 428 -2.1 167 138 215 147 116 17.3 142
Cantabria 27.4 26.1 29.2 26.1 25.0 27.2 49 388 369 413 386 369 40.2 03 124 109 147 96 83 11.0 293
Castile and Leon 24.2 23.1 25.6 229 22.0 237 55 364 348 379 359 346 372 13 8.6 76 11.1 64 54 75 350
Castile-La Mancha 253 244 269 250 236 26.1 1.1 395 37.7 417 398 380 412 -07 63 59 86 53 35 74 193
Catalonia 284 27.6 295 26.5 258 273 7.2 414 399 429 40.2 390 413 3.0 11.4 108 125 8.6 7.7 94 33.0
Valencian Region 275 26.2 29.0 265 256 274 3.6 39.6 374 416 398 384 411 -04 119 109 140 95 85 10.6 25.1
Extremadura 27.0 26.1 28.8 26.0 25.0 269 3.9 416 39.8 435 41.7 403 430 -0.1 7.7 71 105 53 41 6.6 457
Galicia 23.0 222 240 224 214 233 28 355 340 37.1 355 340 37.0 -0.1 84 78 94 7.0 58 8.1 200
Madrid Region 304 287 322 288 27.7 297 56 41.1 39.2 43.0 40.7 395 418 1.1 17.8 149 21.1 148 13.2 16.5 203
Region of Murcia 27.1 26.1 28.6 25.0 23.7 26.2 82 412 394 435 39.1 370 410 54 84 77 96 63 51 7.7 320
Navarre 29.0 27.8 30.6 254 238 269 14.1 389 37.2 406 36.3 336 385 7.2 154 13.2 184 104 86 125 474
Basque Country 285 27.0 30.2 269 258 280 6.0 387 36.7 406 382 368 398 12 151 126 186 120 10.2 13.8 26.1
Rioja, La 23.8 226 252 220 206 233 82 338 31.8 359 335 314 356 08 11.0 102 123 73 59 88 508

The RC was calculated, taking survey-based prevalences as reference.

Andalusia, the PAFs were always higher with the small-area model
prevalence, as was also the case for SAM rates. The negative differences
between PAFs never exceeded one percentage point, and the positive
differences were generally below two percentage points. The greatest
difference was observed for the PAF for respiratory diseases in Navarre,
which went from 48.9% (95% CI: 46.0-51.1) to 53.8% (95% CI: 52.0-
55.6), when prevalence from the small-area model was applied.

In general, the width of the CI of the PAF was greater for esti-
mates based on the prevalence from the small-area model, but the
differences were small. Hence, the median width of the CI in the
case of cancer was 2.3 for survey-based prevalence and 2.9 for
model-based prevalence, with an interquartile range (IQR) of 0.3

and 0.7, respectively. For cardiometabolic diseases, the median
went from 1.9 (IQR: 0.5) to 2.3 (IQR: 0.7) when the model-based
prevalence was used. For respiratory diseases, it remained practically
the same with values of 3.8 (IQR: 1.9) and 3.7 (IQR: 0.5), respect-
ively, but with considerably lower variability. Broken down by sex,
the median width of CI in men was 3.0 (IQR: 1.0) for survey-based
prevalence and 4.0 (IQR: 0.8) for model-based prevalence, with the
equivalent values for women being 2.6 (IQR: 1.3) and 3.0 (IQR: 1.4),
respectively. Among subjects under the age of 65 years, the median
went from 2.9 (IQR: 1.0) with survey-based prevalence to 4.4 (IQR:
1.1) with model-based prevalence. In the population aged 65 years
and over, it went from 2.4 (IQR: 0.8) with survey-based prevalence
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Figure 1. Population attributable fractions (PAFs) in each autonomous region by cause of death estimated using prevalences based on
pooled population surveys and on a small-area model, accompanied by their 95% confidence intervals.

to 2.9 (IQR: 0.5) with model-based prevalence (Fig. 2 and
Supplementary Table S8).

Discussion

When prevalences derived from a small-area model were applied,
tobacco use was associated with 55 847 deaths in Spain in 2017. This
estimate is 3.8% higher than that observed when prevalences from
the three pooled health surveys are applied. The changes in SAM
vary among the autonomous regions, and in some regions, these
changes can be as much as 14%. The median of the relative change
between regions was higher for women (26.1%), persons aged
>65years (6.6%), and cardiometabolic diseases (9.0%). With the
sole exception of Andalusia, the estimated SAM and PAFs are higher
when prevalences from the small-area model are used, and this same
effect is seen in the width of the 95% CI of the PAF.

In other countries like Canada, United States, Poland, China,
Portugal, Germany, and Belgium, SAM has been estimated, as in
Spain, at a regional level. Most of the studies [12-16] applied a
method that uses lung cancer mortality rates to obtain SAM, an

approach that is used as an alternative when prevalence figures
are unavailable [17, 18]. Some studies have used a method based
on smoking prevalences, such as some conducted in the United
States [19], whose data source was a single survey which does not
guarantee regional representativeness. Other studies have, however,
used different alternatives. A study undertaken in British Columbia
(Canada) [20] reported that the limited sample size of the survey in
some age groups had to be resolved by calculating a weighted mean
smoking prevalence from three surveys conducted in consecutive
years. Furthermore, in another study conducted in 589 towns and
cities in Belgium [21], the limited sample size of the health surveys
was, as in our study, overcome by applying a small-area model to
obtain prevalences at a municipal level. However, the precision of
the estimates obtained with respect to other data sources, such as
population surveys, was not analysed.

Knowledge of smoking prevalences and SAM at a regional level is
fundamental for some reasons. First, because this provides a more
detailed view of the evolution of the smoking epidemic in the
Spanish population. This can help to better understand why the
prevalence of consumption and the figures of SAM is higher in
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Figure 2. Width of confidence intervals of population attributable fractions calculated using prevalences based on pooled population
surveys and a small-area model, overall and by sex, age group, and cause of death.

some autonomous regions than in others. On the other hand, the
availability of this information permits the design of prevention
measures appropriate to the needs of each region. In Spain, autono-
mous regions have the authority to develop public health policies at
the local level. Therefore, having this data available facilitates au-
tonomous region decision-makers to implement new tobacco con-
trol measures by basing their decisions on more accurate data.

While regional data are essential, they tend not to be available as
the conduct of these surveys is expensive, largely driven by a larger
sample size. The use of a small-area model is therefore postulated as
an alternative, making it possible to estimate tobacco use prevalen-
ces for smokers, ex-smokers, and never smokers. A small-area
model was applied in previous studies to obtain smoking prevalen-
ces at a local level [22-24]; however, several methodological aspects
vary among them. For example, Srebotnjak et al. [25] used two
independent models for each sex, which may be appropriate for
estimating smoking prevalence in Spain because the evolution of
smoking prevalence differs between men and women. However,
the Santiago-Pérez et al. [7] model used for this study offered greater
precision when both sexes were included. On the other hand, there
are other studies in which prevalences were calculated for the cate-
gories of smoker and non-smoker [24], whereas in the model used
by Santiago-Pérez et al. [7], prevalences were obtained for smokers,
ex-smokers, and never smokers, which is essential for the calculation
of SAM. Moreover, these models can be used to estimate the prev-
alences of other risk factors such as alcohol [24, 26], obesity [27], or
overweight [28]. However, it should be noted that in a study that
compared the use of these models to estimate prevalences of tobacco
and alcohol consumption, it was indicated that this model works
better in estimating prevalences of tobacco use [24]. These advan-
tages must be weighed against the disadvantage; it should be noted
that the complexity associated with developing the model and, in
some cases, the difficulty of access to auxiliary variables can
be obstacles.

The pooling of several databases conducted within a short time of
one another is another alternative for obtaining smoking prevalen-
ces at a regional level [7], though this alternative is subject to lim-
itations. It should be borne in mind that the impact of pooling
several surveys on the prevalence that is finally estimated may be
variable. If prevalences remain stable, this impact will be minimal.

However, if prevalences vary between surveys, prevalence data that
have undergone changes could be stabilized. For instance, one of the
prevalences used in this study came from pooling three surveys
separated by six-year gap between the first (2011) and the last
(2017) survey. During the period 2011-2017, smoking prevalence
among men decreased in all autonomous regions, while among
women, smoking prevalence also decreased in some regions and
remained stable in others [29]. The fact that prevalences in 2011
were slightly higher than those in 2017 might give rise to a situation
where prevalences derived from the pooling of surveys may be
slightly higher than those based on the small-area model, which
uses prevalence data pertaining to a single year, in this case, 2017.
This may be one of the reasons for the differences in the SAM
estimates found in this study. In addition, the pooling of surveys
can give rise to other doubts, such as how many surveys should be
pooled, what sample size should be achieved, or how great a gap
there can be between the pooled surveys. These doubts highlight the
fact that pooling a number of surveys does not follow an established
methodology of calculation and could thus be researcher-dependent.

Analysis of the results showed that, at a national level, the differ-
ences in the SAM estimates obtained on using model-based or
pooled-survey-based prevalences are not important. Yet, when
SAM is estimated at a regional level, the estimates display variation
in specific groups, such as women, the population aged 65 years and
over, and cardiometabolic diseases. In women, variability in the
SAM figures may be related with the fact that smoking prevalences
are low [1, 2], which renders prevalences more unstable and prone
to greater variability. In the population aged 65 years and over, the
explanation may also be related with the fact that prevalences of
smokers above this age tend to decline [1, 2]. Indeed, the group of
women aged 75 years and over registers very low smoking prevalen-
ces in all autonomous regions.

This study has limitations related to the estimation method, the
data sources, and the use of a small-area model to obtain prevalences
of tobacco use. The prevalence-dependent method does not respect
the causality criterion of temporality proposed by Bradford Hill
because the prevalences of tobacco use (cause) and observed mor-
tality (effect) are from the same year. Therefore, the time required
for tobacco use to cause a death associated with its use is not
respected. This limitation associated with the use of the
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prevalence-dependent method may result, in the case of Spain, in an
underestimation of the real impact of tobacco use on mortality. This
is due to the fact that the prevalence of tobacco use in Spain has
been decreasing since 1987 among men and since 2001 among all
age groups [29] so that when using prevalences contemporaneous
with mortality, these would be lower than those of two or three
decades ago. A previous study that compared the use of this method
with another that approximates the latency period of tobacco use
with respect to lung cancer by using mortality rates found that the
differences were not important at the national level. However, larger
differences were found in subgroups where smoking prevalence was
lower, such as women or people aged over 65years of age [30].
Regarding data sources, this study used RRs from five US cohorts
given that Spanish cohort studies assessing the risk of tobacco-
related diseases in smokers and ex-smokers versus never smokers
are not available. However, by using these RRs, we are assuming that
the evolution of the tobacco epidemic is the same in Spain as in the
United States. Smoking prevalences derived from surveys are used,
which may result in concealment of consumption and underestima-
tion of prevalences. However, previous studies observed that in
adults the degree of agreement between self-reported consumption
and biological measurements is high [31]. Among the limitations
associated with the use of a small-area model are those related with
the obtaining of auxiliary variables. Access to such data is often very
complicated, as is finding data for the years for which the estimate of
prevalences is sought. In addition, there is the difficulty of these data
being available at the level of geographic breakdown for which prev-
alences are to be estimated. Furthermore, it must be borne in mind
that the quantity of auxiliary variables and their relationship with
the outcome variable (smoking prevalence) by reference to the geo-
graphic setting may affect the model’s goodness-of-fit and its pre-
dictive capacity.

Overall, the differences between the estimates of SAM, PAF, and
the width of the CI are small, when estimates based on prevalences
from a small-area model are compared with those based on preva-
lences from pooled population surveys. Small-area models could be
a valid alternative to the pooling of surveys in cases where
prevalence-dependent methods are applied to estimate SAM at a
regional level, especially in countries in which prevalence may be
changing. In addition, the small-area models only require data from
a single health survey, and the precision in the estimates of attrib-
uted mortality is good.
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Key points

o The results suggest that using prevalences from a small-area
model to estimate smoking-attributed mortality is a good
alternative to have data at the regional level according to sex,
age, and cause of death.

o The differences found were small, although the largest
differences were observed in groups in which the prevalence of
tobacco use is smaller (women and population aged
>65 years).

o The availability of these estimates allows improved
surveillance and monitoring of the tobacco epidemic in a
population in order to design and implement the most
appropriate preventive measures at a more local level.
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