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ABSTRACT

INTRODUCTION Small-area estimation methods are an alternative to direct survey-
based estimates in cases where a survey’s sample size does not suffice to ensure
representativeness. Nevertheless, the information yielded by small-area estimation
methods must be validated. The objective of this study was thus to validate a
small-area model.

METHODS The prevalence of smokers, ex-smokers, and never smokers by sex and
age group (15-34, 35-54, 55-64, 65-74, =75 years) was calculated in two
Spanish Autonomous Regions (ARs) by applying a weighted ratio estimator
(direct estimator) to data from representative surveys. These estimates were
compared against those obtained with a small-area model applied to another
survey, specifically the Spanish National Health Survey, which did not guarantee
representativeness for these two ARs by sex and age. To evaluate the concordance
of the estimates, we calculated the intraclass correlation coefficient (ICC) and
the 95% confidence intervals of the differences between estimates. To assess the
precision of the estimates, the coefficients of variation were obtained.

ResULTS In all cases, the ICC was >20.87, indicating good concordance between
the direct and small-area model estimates. Slightly more than eight in ten 95%
confidence intervals for the differences between estimates included zero. In all
cases, the coefficient of variation of the small-area model was <30%, indicating a
good degree of precision in the estimates.

concLusions The small-area model applied to national survey data yields valid
estimates of smoking prevalence by sex and age group at the AR level. These
models could thus be applied to a single year’s data from a national survey, which
does not guarantee regional representativeness, to characterize various risk factors
in a population at a subnational level.

Tob. Induc. Dis. 2023;21(September):112 https://doi.org/10.18332/tid/169683

INTRODUCTION

The most recent Spanish National Health Survey (NHS) (Encuesta Nacional
de Salud/ENSE)'? was carried out in 2017. Using the NHS, the prevalence of
different health determinants can be estimated by sex and age at a national
level and by sex at an Autonomous Region (AR) level. Based on the 2017 data,
smoking prevalence in Spain in the population aged =15 years was estimated
at 24.4% (daily and occasional use), with important variations according to sex,
age, and AR. Overall, smoking prevalence was higher among men (25.6% versus
18.8% of women) and reached maximum values for those aged 25-54 years,
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close to 30% regardless of sex. While Galicia was
the AR with the lowest prevalence (18.3%), Asturias
registered the highest prevalence (27.7%). In all ARs,
smoking was, in all cases, more prevalent among men,
though in regions such as Navarre, the male to female
prevalence ratio was estimated at 1.7 and in Castile
and Leon at 1.1.

These data highlight the great heterogeneity in
the epidemiology of smoking at a territorial level,
thereby making it necessary to have age-related
prevalence estimates for each sex at a subnational
level. Such estimates would not only allow for a
detailed characterization of the smoking epidemic but
would also improve surveillance and help draw up
and implement context-specific prevention policies.
Owing to the NHS’s sample size, prevalence cannot
be estimated for ARs by sex and age, separately. With
regard to this aspect, a key factor in the analysis of the
smoking epidemic, we only have information on some
ARs that either have risk behavior surveillance systems
or conduct their own health surveys. Two examples
are the Catalan Health Interview Survey (Encuesta
de Salud de Cataluia/ESCA)? and the Galician Risk
Behavior Data System (Sistema de Informacién sobre
Conductas de Riesgo en Galicia/SICRI)*. The design
of these surveys ensures representativeness in terms
of sex, age, and both variables in the respective
regions. For instance, the SICRI data have previously
been used to estimate the prevalence of exposure to

secondhand smoke in different scenarios by sex and
5

age’.

Though theoretically ideal, having surveillance
systems or health surveys at a subnational level is
rare. Hence, in order to have detailed prevalence by
sex and age, small-area estimation (SAE) methods
could provide an efficient alternative®'’. Based on
data collected in the NHS 2017, a small-area model
was fitted for Spain, from which smoking prevalence
at an AR level can be obtained by sex and age'. In
comparison with the direct estimator, the small-area
model yielded better precision in the estimates, with
a mean error reduction of 26% for smokers and ex-
smokers, and 25% for never smokers. The comparison
between model-based estimates and direct estimates
can be performed at different levels of aggregation
on the same data source'"'? or against an external
data source. Therefore, as a next step, this model
should be externally validated by comparing its results
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with those obtained from the ESCA and SICRI for
2017. The aim of this study was thus to complete the
validation of the previously fitted small-area model'.

METHODS

To validate the previously fitted model', smoking
prevalence obtained with the SAE model at a
subnational level, based on data collected in the NHS
2017, was compared against prevalence calculated
with the direct estimator derived from the ESCA 2017
and SICRI 2017.

Data sources

The smoking data were drawn from three surveys
(NHS, ESCA and SICRI, 2017). All three included
questions related to smoking, which were used to
create the variable smoker status. For study purposes,
a smoker (S) was defined as anyone who was smoking
at the time of the survey, an ex-smoker (ExS) was
defined as anyone who had smoked at some point
in his/her lifetime but had already quit, and a never
smoker (NS) was defined as anyone who had never
smoked. Table 1 lists the verbatim questions included
in each survey.

Spanish National Health Survey 2017

The small-area model was fitted based on data sourced
from the NHS 20172. This survey was conducted on a
sample of 29195 people, 23089 of whom were aged
>15 years and residing in main family dwellings
nationwide. Data were collected by computer-assisted
personal interviewing from October 2016 through
October 2017. The sample was selected by three-
stage stratified sampling, with the sampling units
being first-, second- and third-stage census sections,
main family dwellings, and one adult per household,
respectively.

Based on the 17 ARs and the Autonomous Cities
of Ceuta and Melilla considered jointly, sex and age
(15-34, 35-54, 55-64, 65-74, and =75 years)', 180
units of analysis or areas were defined. Then, the SAE
model was applied to estimate the prevalence of S,
ExS and NS in each area in 2017.

To validate the model, we used the results relating
to Galicia and Catalonia, which correspond to 20 areas
defined on the basis of the two ARs, sex, and five age
groups considered.

In the case of Catalonia and Galicia, the NHS 2017
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sample sizes for individuals aged =15 years were 2363
and 1335, respectively.

Catalonian Health Survey 2017

This survey® was conducted on a sample of 3780 non-
institutionalized residents in the AR of Catalonia,
who were aged =15 years and responded to a direct

Table 1. Questions and responses about tobacco
use included in the ENSE, ESCA and SICRI, in
2017, and used for the classification of interviewed
individuals according to their smoking status

ENSE 2017

Q1. Could you tell me if you smoke?

Yes, | smoke daily Smoker
Yes, | do smoke, but not daily

| do not currently smoke, but | have smoked Ex-smoker

before

| do not smoke, and | have never smoked on a Never smoker

regular basis
ESCA 2017

Q1. Of the following situations, which best describes your
smoking behavior?

Go to Q2
Smoker

You currently do not smoke at all

You currently smoke occasionally (less than
once a day)

You currently smoke every day
Q2. In the past, did you smoke?

Never smoked at all Never smoker

Had smoked less than once a day for 6 months  Ex-smoker
or more

Had smoked less than once a day for less than

6 months

Has smoked daily 6 months or more

Had smoke daily for less than 6 months

SICRI 2017

Q1. Have you ever smoked in your life?

Yes, daily Go to Q2

Yes, occasionally
No, never Never smoker

Q2. Do you currently smoke?

Daily Smoker
Occasionally, at least once a week

Sporadically, less than once a week

Never Ex-smoker
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questionnaire. Data were collected through computer-
assisted personal interviewing from January through
December 2017. The sample was selected by three-
stage stratified sampling, with the sampling units
being first-, second- and third-stage healthcare
management areas, towns, and individuals (selected
by stratified random sampling by 13 age groups and
sex), respectively.

Galician Risk Behavior Data System 2017

This survey* was conducted on a sample of 7841
persons aged >15 years residing in the AR of Galicia,
and included in the Health Card Register (Registro de
Tarveta Sanitaria). Data were collected by computer-
assisted telephone interviewing from January through
December 2017. The sample was selected by stratified
random sampling by sex and age.

Statistical analysis

Based on microdata sourced from the ESCA and
SICRI for 2017, which were available on the websites
of the Government of Catalonia, Ministry of Health
(Departamento de Salud, Generalitat de Catalunya)?
and Galician Regional Public Health Authority
(Direcciéon Xeral de Satide Piblica)?, respectively,
the prevalences of S, ExS and NS were calculated by
sex and age (15-34, 35-54, 55-64, 65-74, and =75
years)', by applying a weighted ratio estimator (direct
estimator):

zi ‘VLXL

W

where i is the individual, Xi is the value of the

p= (1)

characteristic estimated (S, ExS or NS) in individual i,
which takes values 0-1, and W, is the sampling weight
of individual i. We calculated the variance of this
estimator using a linear approach in Taylor’s series
and, on the basis of this, then obtained the coefficients
of variation (CVs).

Mixed multinomial small-area model with random
area effect

Using the NHS 2017, we obtained the prevalence of
S, ExS and NS for the 180 areas ([17 ARs + Ceuta and
Melilla] x 2 sexes x 5 age groups), applying a mixed
multinomial small-area model with a random area
effect’. This model uses aggregated data on smoking
sourced from surveys, such as the NHS, and auxiliary
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information sourced from administrative records. The
response variable is a vector with the number of S,
ExS and NS in each area. Smoking-related variables
were chosen as auxiliary data. The model is expressed

as:
~ exp(1,,)
Pu=
L+exp(n,, )+exp(1,,)
T]dk=log (Py,) =x, Bru,, d=1,..., Dand k=12 (2)

(Py5)

where p_ is the prevalence of each category &
corresponding to area d, X=X, s xdkrk)' is the set of
covariates corresponding to category k and area d, and
B.=(B,,--- B,,)" is the vector of regression parameters.
The subscript k refers to the category of S (k=1) or
ExS (k=2). The third category of NS (k=3) is taken
as reference, so that p . =I-p -p_ . The model also
considers the random effect u , associated with area
d and category k.

The CVs for the small-area model were calculated
as the square root of the mean squared error. Further
information about the model fitted can be found in
Santiago et al.'.

To evaluate the quality of the estimates yielded by
the small-area model, the estimates from the NHS
for the areas of Catalonia and Galicia were compared
against the direct estimates obtained from the ESCA
and SICRI for 2017. For comparison purposes, two
aspects were considered: 1) the similarity between
the specific estimates obtained with both methods;
and 2) the precision of the estimates. With respect to
the first aspect, we calculated the intraclass correlation
coefficient (ICC) and its 95% confidence interval (95%
CI). The ICC measures the degree of concordance
between two or more quantitative variables. Assuming
a one-way random-effects model, the individual
absolute-agreement ICC'* between two methods can
be estimated as:

., BMS-WMS

1CC=—————=(3)

BMS+WMS i i

_ (pdm_ﬁd_) _ (ﬁd ']5) _
WMS_ZdZmT’ BMS—ZdT, d=1,..., D
and m=1,2

where p =2, p /2 and p =X p,/D. WMS is the
mean squares within areas, BMS is the mean squares
between areas, d is the area, and m is the method. The
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lower and upper limits on 95% CI for ICC are:

F-1 Fj1
“FF, )

‘ BMS BMSF,
where F = WMSFI’FU: WIS ,andFland F

denote the 97.5 percentiles of the F, and F) ,
distributions, respectively.

The ICC takes values 0-1, where 1 indicates perfect
concordance. Following the guidelines of Cicchetti'®,
criteria and rules of thumb, a concordance =0.60 was
deemed acceptable.

For each area, we also calculated the differences
between the SAE and direct estimates, along with
their 95% CI obtained by Wald’s method. Under
independence, the variance of the difference between
estimates is equal to the sum of the variances. Since
the standard error (SE) is equal to the square root
of the variance, applying the Wald’s method we have
that the 95% CI = difference + 1.96 SE. No significant
differences were deemed to exist between the two
methods if the 95% CI of the differences included
zero. To evaluate the precision of the estimates, the
CV was calculated for each method. GVs <30% were
considered acceptable, taking into account the criteria
applied by the National Center for Health Statistics'.
All statistical tests were two tailed.

Model fitting was carried out with the mme package
of R", and statistical analyses were performed using
the Stata IC v17 computer software package'®.

RESULTS
After database cleaning, the small-area model was
applied to the final NHS 2017 sample of 1334
individuals in Galicia and 2354 individuals in
Catalonia. In the ESCA and the SICRI, there were no
missing records, and the samples remained unaltered.
The graphical comparisons of the prevalence estimated
with the small-area model and the direct estimator
for the ARs of Catalonia and Galicia, by sex and age,
are shown in Figures 1 and 2. The estimates are
shown in Supplementary file Tables S1 and S2. The
differences between the SAE obtained with NHS data
and with direct estimates sourced from the ESCA and
SICRI with their corresponding 95% CI, are shown
in Figures 3 and 4.

The ICC between the SAE based on the NHS and
the direct estimates for Catalonia based on the ESCA
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Figure 1 Prevalence of smokers, ex-smokers, and
never smokers in 2017, by sex and age group,
obtained using the National Health Survey with the
small-area model, and using the ESCA (Catalonia)
with the direct estimator, and their 95% confidence
intervals

Tobacco Induced Diseases

Figure 2 Prevalence of smokers, ex-smokers, and
never smokers in 2017, by sex and age group,
obtained using the National Health Survey with the
small-area model, and using the SICRI (Galicia)
with the direct estimator, and their 95% confidence
intervals
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was 0.98 (0.94-0.99) for smokers, 0.88 (0.61-0.97)
for ex-smokers, and 0.90 (0.68-0.97) for never
smokers. In the case of Galicia, the ICC between
the SAE and the direct estimates obtained from the
SICRI was 0.88 (0.62-0.97) for smokers, 0.97 for
ex-smokers (0.90-0.99), and 0.98 for never smokers
(0.91-0.99). The estimated ICC was =0.88, exceeding
the 0.60 taken as a reference.

In comparison with the ESCA-based prevalence
for Catalonia, those yielded by the small-area model
with NHS data displayed a similar precision. While
the prevalence of smokers by sex and age drawn from
both surveys was similar, in the case of men who
were ex-smokers or never smokers, the differences
were observed to increase with age. Among women
who were ex-smokers or never smokers, the main
differences were found in the youngest age groups
(Figure 1). With respect to the 95% CI of the

differences between estimates, of the 10 intervals
calculated, 10 included zero in smokers, 8 included
zero in ex-smokers, and 5 included zero in never
smokers (Figure 3).

In comparison with the SICRI-based prevalence for
Galicia, those yielded by the small-area model with
NHS data displayed a lower precision, reflected in
wider confidence intervals. Concerning the estimates,
the most marked differences were seen among
smokers of both sexes aged 16-34 years, men ex-
smokers, and women never smokers aged 16-34 years
and 55-64 years (Figure 2). Of the ten 95% CI of the
differences calculated, 8 contained zero in smokers,
10 contained zero in ex-smokers, and 8 contained
zero in never smokers (Figure 4).

As regards the precision of the estimates,
Supplementary file Figure S1 shows the CVs for the
estimated prevalence of smokers, ex-smokers, and
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Figure 3 Differences in the prevalence of smokers,
ex-smokers, and never smokers in 2017, by sex

and age group, obtained using the National Health
Survey with the small-area model, and using the
SICRI (Galicia) with the direct estimator, and their
95% confidence intervals. The dotted horizontal line
denotes zero
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Figure 4 Differences in the prevalence of smokers,
ex-smokers, and never smokers in 2017, by sex

and age group, obtained using the National Health
Survey with the small-area model, and using the
ESCA (Catalonia) with the direct estimator, and their
95% confidence intervals. The dotted horizontal line
denotes zero
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never smokers, applying the small-area model to NHS
data and the direct estimator to ESCA and SICRI 2017
data. In the case of SICRI, women smokers aged =75
years have been removed from the boxplot in order
to avoid distortions. In SICRI-2017, 512 women
aged =75 years were interviewed, but only six were
smokers. This translates into a low prevalence and
a large GV for the older group of women smokers
in Galicia. Thus, if their CV is taken into account, a
distortion occurs in the boxplot, giving the wrong idea
of the SICRI’s precision. In ex-smokers and never
smokers, the CVs for the estimated prevalence were
slightly higher with the small-area model. A greater
similarity was seen between the CVs obtained from
the ESCA and the NHS.

SAE based on the small-area model and direct
estimates proved to be consistent in terms of the
median and interquartile range (IQR) for the

prevalence of smokers and ex-smokers in Galicia, with
greater differences being in evidence between the
IQRs of ex-smokers and never smokers in Catalonia.
The range of prevalence of smokers and never
smokers in Galicia was narrower with the small-area
model than with the direct estimator (Supplementary
file Table S3).

DISCUSSION

The results of this study highlight the fact that
small-area models can furnish reliable estimates at a
subnational level in cases where national survey data
are not representative by sex and age, thus making
such models a useful alternative for acquiring context-
specific information on health policies. In this study,
the estimated prevalence of smokers, ex-smokers
and never smokers by sex and age, obtained with the
small-area model and with the direct estimator for
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Galicia, were generally similar. The main differences
are found in women smokers and never smokers aged
16-34 years and 55-64 years, and in men smokers
aged 16-34 years and 65-74 years and ex-smokers
aged 16-34 years. In the case of Catalonia, the small-
area method offers similar estimates to those obtained
with the direct estimator for women as well as men
smokers. Among men ex-smokers aged =55 years, the
small-area method tends to overestimate prevalence
compared with the direct estimator, whereas among
never smokers the opposite effect is seen. In terms
of precision of estimates, in general, the degree of
precision afforded by the small-area method is lower
than that of direct estimator when applied to data on
Galicia, but is very similar in the case of Catalonia. In
addition, the differences between the precision of the
two methods are greater in smokers, followed by ex-
smokers, and smaller in never smokers. These aspects
could be due to the sample size and the magnitude
of the prevalence.

The sample size of the SICRI was 5.9 times that
of the NHS for Galicia in 2017. The sample size
difference between both surveys, by sex and age,
ranges from a minimum of 361 individuals in the
group of women aged 65-74 years and =75 years
to a maximum of 1213 individuals in the group of
women aged 16-34 years. In the case of the ESCA, the
sample size is 1.7 times that of the NHS for Catalonia.
The sample size difference ranges from a minimum
of 16 individuals in the group of women aged 65-74
years to a maximum of 317 individuals in the group
of men aged 15-34 years. Our results indicate that
the small-area model, with almost half the sample,
can offer a degree of precision in estimates similar to
that obtained with the direct estimator applied to a
representative sample at an area level.

Analysis of the CVs shows a single value >30%,
corresponding to the group of smokers, when using
SICRI-based data: this is associated with women
smokers aged =75 years in Galicia, with a GV of 39.6%.
In 2017, the SICRI compiled data on only six women
smokers aged >75 years, due to the anecdotal nature,
until now, of smoking prevalence among women in
this age group. These data reflect the fact that direct
estimates, though asymptotically unbiased, tend to be
somewhat unreliable in cases where the sample size
is small. In this same group, the CV associated with
the small-area model is 20.6%, and the sample size is

Tobacco Induced Diseases

zero. Small-area methods enable reliable estimates
to be obtained, even in cases where the sample size
is so small that direct estimates would display great
variability or not even be calculable. In such cases,
SAEs can be obtained by using the synthetic part of
the linear predictor of the small-area model, as was
done in Santiago et al.".

Many studies have applied small-area models to
estimate the prevalence of health indicators at a
subnational level, though the methods vary from one
study to another®'*!. Some studies include external

validation of the method used?*%*

. For this purpose,
a comparator is needed, which is deemed to be the
best direct estimation available at an area level and
is based on a sufficiently large sample size to ensure
representativeness. This can be achieved by defining
areas with sufficient size for a single year, as in the
case of the ESCA and SICRI, through pooling several
survey years or increasing the sample size.

For external validation, two aspects must be
considered: the similarity between the estimates
obtained with the methods to be compared, and the
precision of the estimates. To evaluate the first aspect,
the estimates of the direct estimator and small-area
model are usually related by means of a coefficient.
In some studies, the Pearson correlation coefficient is
used to relate estimates obtained with the methods
sought to be compared. In our study, however, the
ICC was used to measure the degree of concordance
between the direct estimates and those obtained with
the small-area model. This coefficient gives a global
quantification of the extent to which the estimates
obtained with both methods agree. The Pearson
correlation coefficient, for its part, provides a measure
of the direction and strength of linear association
between two quantitative variables but does not
indicate the degree of concordance between them.
Hence, if one of the variables systematically deviates
from the other by the same margin, the correlation
between the two will be perfect, but the variables will
not be concordant. Our results show a concordance
between the prevalence of smokers, ex-smokers, and
never smokers >0.88.

Furthermore, it is common practice to analyze
whether SAEs are contained in the 95% CI of the
prevalence estimated with the direct estimator as
part of the external validation process. Due to being
obtained with different methods, the estimates are
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subject to different errors, and each has its own CI. In
this respect, we calculated the difference between the
estimates obtained with both methods and ascertain
their respective ClI. Hence, analyzing whether the CI
includes zero makes it possible to determine, for any
given area, whether there are significant differences
between the SAEs and the prevalence obtained
with the direct method. In our case, 81.6% of the
intervals analyzed include zero, meaning that there
are no significant differences between the estimates
obtained with both methods in more than 8 out of
10 areas analyzed. Furthermore, in two of the areas,
the lower limits of the 95% CI of the differences lie
very close to zero, with these being women who were
never smokers in Catalonia and Galicia aged 15-34
years, with differences of 9.22 (0.02-18.42) and -7.08
(-13.48 - -0.67), respectively.

Limitations

This study has limitations related to the data sources.
Some auxiliary variables used in the small-area model
were drawn from the 2011 Census because more up-
to-date quality data were unavailable. Due to the time
difference between 2011 and 2017, it is possible that
some of the covariates may not adequately reflect
their distribution in the year of estimation, which
could affect the results of the small-area model. This
study’s main advantage lies in validating the small-
area model in two ARs that display mutual social
and economic differences and different trends in
the smoking epidemic. For instance, the SICRI and
ESCA data show how the incorporation of women into
smoking took place in the two territories at different
points in time. In Galicia, a pronounced downward
trend was observed in the prevalence of middle-aged
women who were never smokers (45-64 years) across
the period 2005-2017. This same trend is likewise
observed in Catalonia but at more advanced ages (65-
74 years). In the latter AR, the percentage of women
who were never smokers dropped by 20 points, in the
period from 1994 through 2017.

CONCLUSIONS

External validation is fundamental for evaluating
the small-area model and its application to other
contexts. Our results suggest that, despite there being
certain differences between the estimates obtained
with the two methods in some of the areas analyzed,
SAEs nonetheless display good concordance with
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direct estimates and are reliable. They can thus be
used to characterize geographical variations at a
subnational level as well as to quantify differences
in the prevalence of risk factors in cases where there
are no survey data that guarantee representativeness.
The small-area model has been seen to be capable
of obtaining estimates with similar precision as the
direct estimator, even in cases where the sample size
is reduced to almost half, as in the case of Catalonia.
These results indicate that the small-area model
applied to national survey data yields valid estimates
of smoking prevalence by sex and age at the AR
level. Accordingly, these models could be applied to
a single year’s data from a national health survey of
any country to characterize the status of different risk
factors in a population at a subnational level and so
help configure context-specific health interventions.

REFERENCES

1. Santiago-Pérez MI, Lopez-Vizcaino E, Pérez-Rios M, et al.
Small-area models to assess the geographical distribution
of tobacco consumption by sex and age in Spain. Tob
Induc Dis. 2023;21:63. doi:10.18332/tid/162379

Ministerio de Sanidad. Encuesta Nacional de Salud de

Espafia 2017. Ministerio de Sanidad. Accessed February
17, 2023. https://www.sanidad.gob.es/estadEstudios/
estadisticas/encuestaNacional/encuesta2017.htm
Medina-Bustos A, Schiaffino A. Enquesta de salut de
Catalunya-2017. Generalitat de Catalunya; 2018. Accessed
February 17, 2023. http://hdl.handle.net/11351/4125
Servizo Galego de Satde, Conselleria de Sanidade.
SICRI-2017. Servizo Galego de Satde. Accessed February
17, 2023. https://www.sergas.es/Saude-publica/
SICRI-2017

Perez-Rios M, Santiago-Pérez MI, Alonso B, Malvar

A, Hervada X. Exposure to second-hand smoke: a
population-based survey in Spain. Eur Respir J.
2007;29(4):818-819. doi:10.1183/09031936.001580006
Cui Y, Baldwin SB, Lightstone AS, Shih M, Yu H, Teutsch
S. Small area estimates reveal high cigarette smoking

prevalence in low-income cities of Los Angeles county.
J Urban Health. 2012;89(3):397-406. do0i:10.1007/
$11524-011-9615-0

Li W, Land T, Zhang Z, Keithly L, Kelsey JL. Small-
area estimation and prioritizing communities for tobacco
control efforts in Massachusetts. Am J Public Health.
2009:;99(3):470-479. do0i:10.2105/AJPH.2007.130112
Zhang 7, Zhang L, Penman A, May W. Using small-area

estimation method to calculate county-level prevalence
of obesity in Mississippi, 2007-2009. Prev Chronic Dis.
2011;8(4):A85.

Hudson CG. Validation of a model for estimating state and

Tob. Induc. Dis. 2023;21(Septemeber):112
https://doi.org/10.18332/tid/169683

8


https://doi.org/10.18332/tid/169683
http://doi.org/10.18332/tid/162379
https://www.sanidad.gob.es/estadEstudios/estadisticas/encuestaNacional/encuesta2017.htm
https://www.sanidad.gob.es/estadEstudios/estadisticas/encuestaNacional/encuesta2017.htm
http://hdl.handle.net/11351/4125
https://www.sergas.es/Saude-publica/SICRI-2017
https://www.sergas.es/Saude-publica/SICRI-2017
http://doi.org/10.1183/09031936.00158006
http://doi.org/10.1007/s11524-011-9615-0
http://doi.org/10.1007/s11524-011-9615-0
http://doi.org/10.2105/AJPH.2007.130112

Research Paper

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

local prevalence of serious mental illness. Int J] Methods
Psychiatr Res. 2009;18(4):251-264. doi:10.1002/mpr.294
Srebotnjak T, Mokdad AH, Murray CJ. A novel framework
for validating and applying standardized small area
measurement strategies. Popul Health Metr. 2010;8:26.
doi:10.1186/1478-7954-8-26

Das S, Baffour B, Richardson A. Prevalence of child
undernutrition measures and their spatio-demographic

inequalities in Bangladesh: an application of
multilevel Bayesian modelling. BMC Public Health.
2022;22(1):1008. doi:10.1186/s12889-022-13170-4

Guha S, Chandra H. Measuring disaggregate level food

insecurity via multivariate small area modelling: evidence
from rural districts of Uttar Pradesh, India. Food Secur.
2021;13(3):597-615. doi:10.1007/s12571-021-01143-1
Lopez-Vizcaino E, Lombardia MJ, Morales D.
Multinomial-based small area estimation of labour
force indicators. Stat Modelling. 2013;13(2):153-178.
doi:10.1177/1471082X13478873

McGraw KO, Wong SP. Forming inferences about some

intraclass correlation coefficients. Psychol Methods.
1996;1(1):30-46. doi:10.1037/1082-989X.1.1.30
Cicchetti D V. Guidelines, Criteria, and Rules of
Thumb for Evaluating Normed and. Psychol Assess.
1994;6(4):284-290. doi:10.1037/1040-3590.6.4.284
Cohen RA, Bloom B. Trends in health insurance and
access to medical care for children under age 19 years:
United States, 1998-2003. Adv Data. 2005;(355):1-15.
Lopez-Vizcaino E, Lombardia M, Morales D. mme:

Multinomial Mixed Effects Models. R package version
0.1-6. CRAN; 2019. Accessed December 15, 2022.
https://cran.r-project.org/package=mme

StataCorp. Stata Statistical Software. StataCorp LLG;
2021.

Bernal RTI, de Carvalho QH, Pell JP, et al. A methodology
for small area prevalence estimation based on survey
data. Int J Equity Health. 2020;19(1):124. doi:10.1186/
$12939-020-01220-5

Ouma J, Jeffery G, Awor CA, et al. Model-based
small area estimation methods and precise district-

level HIV prevalence estimates in Uganda. PLoS
One. 2021;16(8):€¢0253375. doi:10.1371/journal.

pone.0253375
Chen T, Li W, Zambarano B, Klompas M. Small-

area estimation for public health surveillance using

electronic health record data: reducing the impact of
underrepresentation. BMC Public Health. 2022;22(1):1-
10. doi:10.1186/s12889-022-13809-2

Zheng X, Zhang X, Jorge G, Aye D. Model-based

community health surveillance via multilevel small

area estimation using state behavioral risk factor
surveillance system (BRFSS): a case study in Connecticut.
Ann Epidemiol. 2023;78:74-80. doi:10.1016/j.
annepidem.2022.12.008

Zhang X, Holt JB, Yun S, Lu H, Greenlund K], Croft JB.

24.

Tobacco Induced Diseases

Validation of multilevel regression and poststratification
methodology for small area estimation of health indicators
from the behavioral risk factor surveillance system. Am
J Epidemiol. 2015;182(2):127-137. doi:10.1093/aje/
kwv002

Hindmarsh D, Steel D. Creating local estimates from
a population health survey: practical application of
small area estimation methods. AIMS Public Health.
2020;7(2):403-424. doi:10.3934/publichealth.2020034

CONFLICTS OF INTEREST

The authors have completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. The authors declare that
they have no competing interests, financial or otherwise, related to
the current work. M. Pérez-Rios reports that since the initial planning
of the work she received support from the 'Instituto de Salud Carlos Il
(ISCII1)' (reference: P119/00288), co-funded by the European Union.

FUNDING
Instituto de Salud Carlos Il (ISCII) (reference: PI19/ 00288), co-funded
by the European Union.

ETHICAL APPROVAL AND INFORMED CONSENT
Ethical approval and informed consent were not required for this study.

DATA AVAILABILITY

The data supporting this research are available from the following
sources: https://www.sergas.es/Saude-publica/SICRI-2017, https://
scientiasalut.gencat.cat/handle/11351/4125, https://www.sanidad.gob.
es/estadEstudios/estadisticas/encuestaNacional/home.htm

AUTHORS' CONTRIBUTIONS

CGT: conceptualization, data curation, visualization, writing of
original draft. ELV and MISP: conceptualization (methods), technical-
guidance, writing, reviewing and editing. JRB, CCP, AS and LVL: review,
visualization, writing, reviewing and editing. ARR: supervision, writing,
reviewing and editing. MPR: conceptualization, funding acquisition,
supervision, writing, reviewing and editing. All authors read and
approved the final manuscript.

PROVENANCE AND PEER REVIEW
Not commissioned; externally peer reviewed.

Tob. Induc. Dis. 2023;21(Septemeber):112
https://doi.org/10.18332/tid/169683



https://doi.org/10.18332/tid/169683
http://doi.org/10.1002/mpr.294
http://doi.org/10.1186/1478-7954-8-26
http://doi.org/10.1186/s12889-022-13170-4
http://doi.org/10.1007/s12571-021-01143-1
http://doi.org/10.1177/1471082X13478873
http://doi.org/10.1037/1082-989X.1.1.30
http://doi.org/10.1037/1040-3590.6.4.284
https://cran.r-project.org/package=mme
http://doi.org/10.1186/s12939-020-01220-5
http://doi.org/10.1186/s12939-020-01220-5
http://doi.org/10.1371/journal.pone.0253375
http://doi.org/10.1371/journal.pone.0253375
http://doi.org/10.1186/s12889-022-13809-2
http://doi.org/10.1016/j.annepidem.2022.12.008
http://doi.org/10.1016/j.annepidem.2022.12.008
http://doi.org/10.1093/aje/kwv002
http://doi.org/10.1093/aje/kwv002
http://doi.org/10.3934/publichealth.2020034
https://www.sergas.es/Saude-publica/SICRI-2017
https://scientiasalut.gencat.cat/handle/11351/4125
https://scientiasalut.gencat.cat/handle/11351/4125
https://www.sanidad.gob.es/estadEstudios/estadisticas/encuestaNacional/home.htm
https://www.sanidad.gob.es/estadEstudios/estadisticas/encuestaNacional/home.htm

