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KEYWORDS Abstract

Asthma; Objectives: This study aimed to verify the prevalence of asthma in Brazilian adolescents and its
Asthma prevalence; geographic pattern carried through a systematic review and meta-analysis.

Adolescents; Sources: A survey of databases (Pubmed, Chocrane, LILACS, SCIELO and SCOPUS) was carried
Brazil; out, following the PRISMA statement, between the years 2013 and 2023 (PROSPERO-ID-
Geography and health CRD42023427988). Articles that presented a measure relative to the prevalence of asthma in

adolescents were included. The methodological quality regarding risk of bias was assessed
according to the approach proposed by the Joanna Brigg Institute.

Summary of the findings: Ten of a total of 3140 studies were included. Six studies were collected
before 2015. The prevalence of active asthma, severe asthma, and diagnosed asthma were 18 %,
6 %, and 14 %, respectively. The studies were presented in large urban centers and capitals, had
a high methodological quality, and showed high heterogeneity. Subgroup analysis was carried
out, separating the cities according to the different regions of Brazil (north, northeast, center-
west, south, and southeast). The northeast was the region with the lowest prevalence of active
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asthma (14 %, 95 % Cl = 12—17 %, p < 0.001). There was no difference between regions in terms
of diagnosed asthma and severity.

Conclusion: A high proportion of Brazilian adolescents reported having active asthma, with the
northeast region having the lowest prevalence. Most of the studies were collected more than
eight years ago and regard capitals and large urban centers. The high heterogeneity found dem-
onstrates uncertainty in asthma prevalence in Brazil and highlights the need for clearer protocols
addressing the multifactorial nature of the disease.

© 2025 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Key message

e This meta-analysis did not allow us to define a consis-
tent geographic pattern of asthma prevalence in Brazil,
even when subdivided by region.

e The cartographic representations helped to identify
spatial inequalities regarding the prevalence of asthma
and showed that most studies carried out in Brazil are
in capitals and coastal cities.

e The lack of detailed asthma data in smaller cities can
highlight a lack of scientific, political, and investment
interest and serves as a warning so that other regions of
the world do not present this same scenario.

e State policies need to take into account the multi-
factorial nature of the disease, considering cultural,
social, economic, climatic and geographic differences,
in addition to environmental aggression.

Introduction

Asthma is a chronic inflammatory disease of the airways
common in young people, clinically characterized by
recurrent episodes of wheezing, shortness of breath, and
cough.'? It is considered a global health problem, affecting
around 339 million people (Brazil approximately 20 mil-
lion).® In addition to the respiratory component, there are
reports that asthmatic adolescents can compromise their
quality of life in general, including difficulty in practicing
physical activity and repercussions on mental health.®”

The need to obtain reliable data in response to the
growing increase in the prevalence of asthma world-
wide, especially in the early 1990s, demanded the
development of epidemiological studies with international
collaboration.'®'® The “International Study of Asthma and
Allergies in Childhood (ISAAC)”, validated for use in several
languages, stands out in this context."" In Brazil, ISAAC had
its first phase completed in 1996 (in seven research centers),
and was carried out jointly with 56 countries and 155 centers
totaling 463,801 adolescents (13 to 14 years old)."" The
results of this first phase showed a prevalence of active
asthma in adolescents worldwide ranging between 1.8 and
36.7 % (Brazil = 19.5 %)."'>"3

Seven years after the conclusion of Phase I, phase Il
occurred,’® when the number of participating centers
increased significantly (233 centers from 97 countries). World-
wide, there was a slight increase in the average prevalence of
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current asthma among adolescents (average annual increase
of 0.06 %)."” In Brazil, there was an increase in the number of
participating centers and adolescents interviewed (repre-
sented by all regions of the country) with the prevalence of
asthma reaching 19.0 % (ranging from 11.8 to 30.5 %).'® After
the creation of ISAAC, its questions have been used in several
epidemiological studies around the world."” "%’

In Brazil, three large national school-based studies that
were collected between 2011 and 2014 stand out.?%?? It is
noteworthy that most of the studies found were collected
>10 years ago and focused on larger cities, mainly capitals
whose majority are located on the coast or in subtropical
regions in the states of the South/Southeast region.?*?*

Due to its high prevalence, asthma attracts great interest
from the scientific community, '>'® however, despite current
knowledge about its distribution in different regions of the
world and its multifactorial nature (genetics, socioeco-
nomic, behavioral, demographic, dietary, environmental,
regional and health),?*3%3 the cause of the wide variation
found in its prevalence is still unclear. In this sense, Brazil
presents a very diverse territory in environmental, socioeco-
nomic, and geographic terms and few studies have explored
regional disparities.??> This may compromise a more in-
depth analysis of the data and the direction of state policies
that may prioritize smaller cities and capitals, without tak-
ing into account environmental and regional issues and the
multifactorial nature of the disease.?’3°

Most studies on the prevalence of asthma seem to be con-
centrated in regions of greater economic interest in large cit-
ies.?%22 This fact can limit broader interpretations and make
it difficult to plan to combat the disease in a more equitable
and universal way. Brazil is a country with large territorial
dimensions and there is no detailed data on possible geo-
graphic inequalities in its territory. This study carries out a
systematic review with meta-analysis to verify the prevalence
of asthma in Brazilian adolescents and its geographic pattern.
During this study, important questions were raised to answer
the present study’s objective, such as: (1) Can this study
define a consistent pattern of asthma in Brazilian territory?
(2) Have current studies on asthma taken climate factors into
account? (3) Where are most studies located?

Material and methods
Protocol and registration

The systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
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Table 1 Search strategy in electronic databases.

Data base Search strategy

PubMed

"Adolescent”[Mesh] OR Adolescen* OR Teen* OR Youth* OR (Adolescent*, Female) OR (Female Adolescent*) OR (Ado-

lescent*, Male) OR (Male Adolescent*) AND "Asthma“[Mesh] OR Asthmas OR (Bronchial Asthma) OR (Asthma, Bron-
chial) AND "Prevalence"[Mesh] OR Prevalences OR (Period Prevalence) OR (Period Prevalences) OR (Prevalence,
Period) OR (Point Prevalence) OR (Point Prevalences) OR

(Prevalence, Point) AND "Brazil"[Mesh] OR Brazil* OR Brasil OR (Minas Gerais) OR (Sao Paulo) OR (Espirito Santo) OR
(Rio de Janeiro) OR Bahia OR Para OR (Mato Grosso) OR (Mato Grosso do Sul) OR Goias OR (Rio Grande do Sul) OR
Ceara OR Pernambuco OR (Santa Catarina) OR Amazonas OR Maranhao OR Tocantins OR Piaui OR Rondonia OR Ror-
aima OR Parana OR Acre OR Amapa OR Paraiba OR (Rio Grande do Norte) OR Alagoas OR Sergipe OR (Distrito Federal)

SCOPUS

asthma AND prevalence; asthma AND prevalence AND adolescent; asthma AND prevalence AND brazil; asthma AND

prevalence AND adolescent AND brazil; asthma AND frequency; asthma AND associated factors; asthma AND risk

factor; asthma AND factor intervenient.
LILACS

"Adolescent”[Mesh] OR Adolescen* OR Teen* OR Youth* OR (Adolescent*, Female) OR (Female Adolescent*) OR (Ado-

lescent®, Male) OR (Male Adolescent*) AND "Asthma“[Mesh] OR Asthmas OR (Bronchial Asthma) OR (Asthma, Bron-
chial) AND "Prevalence”[Mesh] OR Prevalences OR (Period Prevalence) OR (Period Prevalences) OR (Prevalence,
Period) OR (Point Prevalence) OR (Point Prevalences) OR

(Prevalence, Point) AND “Brazil"[Mesh] OR Brazil* OR Brasil OR (Minas Gerais) OR (Sao Paulo) OR (Espirito Santo) OR
(Rio de Janeiro) OR Bahia OR Para OR (Mato Grosso) OR (Mato Grosso do Sul) OR Goias OR (Rio Grande do Sul) OR
Ceara OR Pernambuco OR (Santa Catarina) OR Amazonas OR Maranhao OR Tocantins OR Piaui OR Rondo6nia OR Ror-
aima OR Parana OR Acre OR Amapa OR Paraiba OR (Rio Grande do Norte) OR Alagoas OR Sergipe OR (Distrito Federal)

SciELO

"Adolescent”[Mesh] OR Adolescen* OR Teen* OR Youth* OR (Adolescent*, Female) OR (Female Adolescent*) OR (Ado-

lescent*, Male) OR (Male Adolescent*)) E ("Asthma"[Mesh] OR Asthmas OR (Bronchial Asthma) OR (Asthma, Bron-
chial)) E ("Prevalence"[Mesh] OR Prevalences OR (Period Prevalence) OR (Period Prevalences) OR (Prevalence,
Period) OR (Point Prevalence) OR (Point Prevalences) OR (Prevalence, Point)) E ("Brazil"[Mesh] OR Brazil* OR Brasil
OR (Minas Gerais) OR (Sao Paulo) OR (Espirito Santo) OR (Rio de Janeiro) OR Bahia OR Para OR (Mato Grosso) OR
(Mato Grosso do Sul) OR Goias OR (Rio Grande do Sul) OR Ceara OR Pernambuco OR (Santa Catarina) OR Amazonas OR
Maranhao OR Tocantins OR Piaui OR Rondonia OR Roraima OR Parana OR Acre OR Amapa OR Paraiba OR (Rio Grande
do Norte) OR Alagoas OR Sergipe OR (Distrito Federal)

Meta-Analyses (PRISMA)®® recommendations. The review
protocol was registered in the International Prospective Reg-
ister of Systematic Reviews (PROSPERO), under registration
CRD42023427988.

Search strategy

The bibliographic search included articles published
between 2013 and 2023 and listed in the following data-
bases: Pubmed, Chocrane, LILACS, Scientific Electronic
Library Online (SciELO), and SCOPUS. A search was carried
out using the PECO strategy regarding the concepts:
P Population (population: adolescents in Brazil),
E = Exposure (exposure: asthma), C = Comparator (control:
none) and O = Qutcomes (outcome: none), as recommended
by The Cochrane Handbook for Systematic Reviews of Inter-
ventions.?” The search terms and the queries applied are
presented in Table 1.

Eligibility criteria

Articles that presented a measure relative to the prevalence
of asthma in adolescents of both sexes available in full in
English were included. Studies that were published between
2013 and December 2023 were included. Regarding data col-
lection, studies that occurred from 2012 onwards or that
were collected before, but ended in 2012, were included.
Exclusion criteria for the studies were: nonoriginal research
(e.g. systematic or literature reviews) or not published in
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a final peer-reviewed journal (e.g. letters to the editor, edi-
torials, comments, and presentations at conferences, con-
gresses, or seminars), as well as dissertations or course
completion work.

Selection of studies

Two independent reviewers (M.C.P.O. and E. K. S. M.)
selected studies in two steps: (1) title and abstract screen-
ing; (2) and full-text reading. Eligibility for inclusion in
the two-rater review was coded as ‘yes’, ‘no’ or ‘maybe’.
Duplicate studies were excluded. Disagreements between
reviewers were resolved by consensus and, when necessary,
the third researcher (MAVCJ) was consulted to make the final
decision. Figure 1 shows the flowchart containing the stages
of the process of searching and selecting articles included in
this systematic review. Database provided by the authors
were also consulted when necessary.

Data extraction

Two reviewers independently (M.C.P.O. and E. K. S. M.)
extracted data from published articles, using a standard
form from the Cochrane Collaboration model.*” Studies that
met the eligibility criteria were entered into a Microsoft
Excel software spreadsheet (Microsoft Corporation, WA,
USA) containing the following information: authors, year of
publication, region, age, year of collection, sample size,
information about sex, how the outcome was assessed (data
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Records identified through
databases
(n =3.140)

Identification

Records screened
(n=2.880)

v

Reports assessed for eligibility
(n=47)

Screening

Studies included in review
(n=10)

Included

Figure 1

collected) and whether there was funding and conflict of
interest. Additional information was requested by email
(one study). Some data needed to be calculated from the
results shown in the tables and figures (four studies).

Assessment of methodological quality: risk of bias

To assess the risk of bias, the Joanna Brigg Institute (JBI) tool
was used (prevalence studies).*® Each item can be answered
with “yes”, “no”, “unclear” and “not applicable”, with the
answer “yes” suggesting a good-quality resource of the study
and the answer “no” of a poor-quality resource. The evalua-
tion was carried out independently by the two evaluators.
When disagreement occurred, the authors discussed their
reasons, and the final decision was made by consensus.
Methodological quality was categorized as “Low” when the
study obtained up to four “Yes” answers to the items evalu-
ated; “Moderate” when the study obtained five or seven
“Yes” responses; and “High” when the study reached eight
or more “Yes” responses. This classification was included to
facilitate interpretation and is permitted by the guidance
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Duplicate records removed
(n = 260)

Records excluded based on title
and abstract evaluation
(n=2.833)

Reports excluded (n=37):
Reasons:
- Prevalence of asthma in
children or no age statement
(n=14)
-Other diseases / Collection
period outside the criteria
(n=10)
-Prevalence of asthma in
adults (n=8)
-Associated factors with
asthma without prevalence
data (n=5)

Study selection flowchart.

JBI manual for assessing the methodological quality of prev-
alence studies.*®

Statistical analysis

Analyses and graphs were performed using R-studio statisti-
cal software, version 4.1.3 (R-studio Inc). A meta-analysis of
proportions was carried out with a random effect model
using the DerSimonian and Laird estimator to calculate Tau-
square (r2).% Heterogeneity was assessed using the Higgins
inconsistency index (12).“ The Freeman—Tukey double-arc-
sine transformation method was used to stabilize the vari-
ance of each study’s proportion.' To stipulate the weight of
the studies included in the analysis, the effect size of each
study was weighted using the inverse variance method, cal-
culating the estimate based on the inverse proportion of the
study’s variance.*' The 95 % confidence intervals (95 % Cl)
were calculated using the Clopper-Pearson method. To eval-
uate possible causes of heterogeneity, subgroup analysis was
analysed according to region.

In the persistence of heterogeneity, possible confounding
factors were explored according to the moderating variable.
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In this way, subgroup analysis was performed, dividing the
meta-analysis groups according to the category of regions of
Brazil used in the studies.

A sensitivity analysis was performed to assess whether
studies classified as high risk of bias would influence the
effect size. The graphical assessment of the existence of
publication bias was carried out using the funnel plot, in
addition to the Egger test, to assess the existence of asym-
metry.

Results
Identification and selection of studies

After removing duplicates and analyzing titles and abstracts,
of the 3.140 titles, 47 articles remained to be reviewed and
analyzed in full, of which 10 were considered relevant for
this review. An in-depth analysis defined the exclusion of 37
publications: 1- Prevalence of asthma in children and school-
children, 2- Other diseases / Collection period outside the
criteria, 3- Prevalence of asthma in adults, and 4- Factors
associated with asthma (Figure 1).

Characteristics of the studies

Table 2 summarizes the description of the characteristics of
the included studies. All studies used the questions from the
ISAAC instrument to assess active asthma (“In the last 12
months, have you had wheezing?”), severe asthma (those
adolescents classified as having active asthma who reported
chest wheezing that was strong to the point of affecting
speech), and diagnosed asthma (‘“‘Have you ever had asthma
in your life?”’). The years of publication ranged from 2014 to
2021. The age of the adolescents ranged between 10 and
19 years old. Regarding data collection, six publications
were collected before 2015, one in 2016—2018, one without
information, and two in 2018. The National Adolescent
School-based Health Survey (PeNSE 2012)?° and Cardiovascu-
lar Risks in Adolescents (ERICA)?" studies did not report the
names of cities that were not capitals.

Risk of bias

The methodological quality of the studies is summarized in
Table 3. Two studies presented moderate methodological
quality, as they lost points in the detailed description of the
subjects researched and because they did not detail
whether there were losses in the study. The remaining stud-
ies presented high methodological quality.

Meta-analysis, geographic pattern, and level of
evidence

The prevalence of active asthma, severe asthma and diag-
nosed asthma in Brazil was 18 %, 6 % and 14 %, respectively
(Figure 2A, B, and C). The effects of individual studies
showed a high level of heterogeneity.

To explore heterogeneity, subgroup analysis was per-
formed, separating the cities according to the different
regions of Brazil (north, northeast, central-west, south, and
southeast). The Northeast region had a lower prevalence,

316

Characteristics of the included studies.

Table 2

Conflict of interest

Funding

Data collected

n Sex

Year of collection

Age (Years)

Region

Authors, year

3/%2

ND

AT/DA

47,6 / 52,4°
49,7 /50,3

61.145¢
1.591

2012

13—15
13—14

12—17
13—14

13—-14
10-19

N/NE/CW/SE/S

NE

Barreto et al.?°

NI

AT/SA/DA
AT/DA

2014

Correia et al.?®

44,7 / 55,3¢
45,9 / 54,1

45,5 / 54,5

35,8 / 64,2

47,9 / 52,1

NI / NI

55.628¢
3.268
1.132

187
964

2013-2014

N/NE/CW/SE/S

NE

Kuschnir et al.?"-2

NI

AT/SA/DA
AT/SA/DA

AT/DA

Medeiros et al.?*
Neto et al.?®

NI

2018

NE

2018°

Oliveira et al.?®¢
Schuh et al.?’

NI

NI

AT/AD

2013

10—18

AT/SA/DA
AT/SA/DA
AT/SA/DA

20.099
1.058
2.563

2011-2012°
20162018

2012°

13—-14
13—14

12—14

N/NE/S/SE

Solé et al.??

55,1/ 44,9

NI / NI

Urrutia-Pereira et al.?®

Wilmer et al.?’

NI

NI

All studies were cross-sectional and classified according to ISAAC.

N, North (for region); NE, Northeast; CW, Central West; SE, Southeast; S, South; AT, Active Asthma; SA, Severe Asthma; DA, Diagnosed Asthma; N, No; Y, Yes; ND, Nothing to declare; NI, Not

informed; 3, Male; ¢, Female.

@ The authors inserted the term “crises” in the original ISAAC question.

b Data collected or finalized above 2012 were considered.

¢ Only population-based study (the other studies were school-based).

9 The National Adolescent School-based Health Survey (PeNSE)?° and Cardiovascular Risks in Adolescents (ERICA)?" studies did not report the names of cities that were not capitals.

¢ Data taken from total prevalence.
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Table 3 Assessment of methodological quality of the studies.

Joanna Brigg Institute quality assessment tool (prevalence studies)
Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total Quality
Barreto et al.”’ Y Y Y NA Y Y Y Y N 07 Moderate
Correia et al.?? Y Y Y Y Y Y Y Y Y 09 High
Kuschnir et al.”' Y Y Y NA Y Y Y Y N 07 Moderate
Medeiros et al.* Y Y Y Y Y Y Y Y N 08 High
Neto et al.?® Y Y Y Y Y Y Y Y Y 09 High
Oliveira et al.?® Y Y Y Y Y Y Y Y N 08 High
Schuh et al.?”’ Y Y Y Y Y Y Y Y N 08 High
Solé et al.?? Y Y Y Y Y Y Y Y N 08 High
Urrutia-Pereira et al.?® Y Y Y Y Y Y Y Y N 08 High
Wilmer et al.?’ Y Y Y Y Y Y Y Y Y 09 High

Q1: Was the sample frame appropriate to address the target population?; Q2: Were study participants recruited in an appropriate way?;
Q3: Was the sample size adequate?; Q4: Were the study subjects and setting described in detail?; Q5: Was data analysis conducted with
sufficient coverage of the identified sample?; Q6: Were valid methods used for the identification of the condition?; Q7: Was the condition
measured in a standard, reliable way for all participants?; Q8: Was there appropriate statistical analysis?; Q9: Was the response rate ade-
quate, and if not, was the low response rate managed appropriately?

Y, Yes; N, No; NC, Unclear; NA, Not Applicable.

p < 0.001 (Figures 3 and 4A). There was no difference
between regions in relation to severe asthma and diagnosed
asthma (supplementary materials 1 and 2). A total of 31 cit-
ies were evaluated, of which 27 (87.1 %) were capitals of the
federative units (Figure 4A). Figure 4B shows the prevalence
of active asthma according to the studies and their dimen-
sions on the cartographic map. The Koppen climate classifi-
cation*” of Brazil is present in the supplementary material 3.

According to the GRADE assessment (Table 4) the quality
of evidence was very low due to high heterogeneity (incon-
sistency) and wide Cls (imprecision) in the estimates
obtained.

Reporting bias and sensitive analysis

Analysis of the active asthma funnel plot demonstrated that
studies with smaller samples, and consequently larger stan-
dard errors, were distributed symmetrically in the widest
part of the funnel plot for both sides of the estimate, sug-
gesting the absence of publication bias (Supplementary
material 4). Likewise, the Egger test confirmed the absence
of publication bias (p = 0.955).

Sensitivity analysis was performed to verify the influence
of the studies by Barreto et al.?%, and Kuschinir et al.?", as
they were classified as having a moderate risk of bias. The
overall meta-analysis estimates for active, severe, or diag-
nosed asthma did not change significantly after sensitivity
analysis.

Discussion

This systematic review with meta-analysis found a high pro-
portion of Brazilian adolescents who reported active asthma
(18 %), with the northeast region (14 %) having the lowest
prevalence. These results are generally higher than the
global prevalence of asthma (14.1 %), as well as those found
in North America (21.6 %), in contrast to India (7 %), Africa
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(14 %), Western Europe (14.3 %) and Eastern Europe
(9.7 %)."° The prevalence of severe asthma and diagnosed
asthma was 6 % and 14 %, respectively, with no statistically
significant differences between regions. Most of the munici-
palities studied are located in capitals and large urban cen-
ters. Due to the high heterogeneity observed between
studies, it is difficult to identify a geographic pattern for
asthma prevalence.

School-based epidemiological studies on the prevalence
of asthma in adolescents are important to identify the distri-
bution and scenario of the disease, in addition to providing
information so that state policies can be implemented based
on scientific evidence.'®'®2022 The compilation of data
from previous studies with a similar methodology synthe-
sized in a meta-analysis can provide a strategic vision of
where to take a more careful look and consequently direct
more investment with higher quality.'>*® Brazil has around
5500 municipalities represented by 27 federative units (26
state capitals and one federal capital). The present results
show that all 27 capitals were represented in this systematic
review of a total of 31 municipalities. In this sense, the pan-
orama shown in this research presents that most studies
were carried out in capitals and large urban centers, which
may present a bias regarding the population studied, show-
ing the need to understand other contexts in Brazil, consid-
ering the high spatial disparities and the multifactorial
nature of the disease.

Another fact that draws attention is the wide variation
found in asthma prevalence, even when evaluated in the
same city. In Brazil, three studies?’?? stand out for having
records in all regions of the territory. National Adolescent
School-based Health Survey (PeNSE 2012)° and an ISAAC fol-
low-up study (2003—2012)%? data collection were developed
in 2012 and showed a prevalence of active asthma of 23.2 %
and 17.5 % for ages 13 to 14 years and 13 to 15 years, respec-
tively. A lower prevalence (13.1 %) was reported by the
Study of Cardiovascular Risks in Adolescents (ERICA)?" when
investigating adolescents aged 12 to 17 (collection years
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A

Study Events Total Weight Proportion [95% CI] Active asthma
Barreto ML, et al. 2014 14382 61145 10.4% 0.24[0.23;0.24] ]
Correia Junior MAV, et al. 2017 222 1591 101%  0.14[0.12;0.16] =

Kuschnir FC, et al. 2016 6275 55628 104%  0.11[0.11;0.12] O

Medeiros ML, et al. 2014 433 3268 103%  0.13[0.12;0.14] =

Neto JJP, et al. 2019 299 1132 10.0%  0.26[0.24;0.29] —3—
Oliveira TB, et al. 2020 55 187 83%  0.29[0.23;0.37] —
Schuh C, et al. 2015 144 964 99%  0.15[0.13;0.17] ——

Solé D etal. 2015 3515 20099 10.4%  0.17[0.17;0.18] cl

Urrutia-Pereira M, et al. 2021 167 1058  100%  0.16[0.14;0.18] —+
Wilmer FAP, et al. 2015 415 2563 102%  0.16[0.15;0.18] B+

Random effects model 25907 147635 100.0%  0.18 [0.14; 0.21] —ema——
Heterogeneity: Tau® = 0.0052: Chi® = 3260.52, df = 9 (P = 0); I = 100% ' ' ' ' '
01 015 02 025 03
Prevalence rate

B

Study Events Total Weight Proportion [95% CI] Severe asthma
Correia Junior MAV, et al. 2017 165 1591  165%  0.10[0.09;0.12] ——
Medeiros ML, et al. 2014 116 3268 17.0%  0.04[0.03;0.04] =

Neto JJP, etal. 2019 96 1132  162%  0.08[0.07;0.10] P —

Solé D et al. 2015 935 20099 17.4%  0.05[0.04;0.05] B

Urrutia-Pereira M, et al. 2021 47 1058  16.1% 0.04[0.03; 0.06] ——

Wilmer FAP, et al. 2015 171 2563  16.9% 0.07 [0.06; 0.08] —B-

Random effects model 1530 29711 100.0%  0.06 [0.04; 0.08] ———
Heterogeneity: Tau® = 0.0027: Chi® = 125.35, df = 5 (P < 0.01): > = 96% L L

0.02 0.04 0.06 008 01 0.12
Prevalence rate

C

Study Events Total Weight Proportion [95% CI] Diagnosed asthma
Barreto ML, et al. 2014 10583 61145 11.7% 0.17[0.17,0.18] =]

Correia Junior MAV, et al. 2017 284 1591  113%  0.18[0.16;0.20] -
Kuschnir FC, et al.2016 5402 55628 117%  0.10[0.09;0.10] O

Medeiros ML, et al. 2014 509 3268 115%  0.16[0.14;0.17] 5

Neto JJP, etal. 2019 190 1132 111%  0.17[0.15;0.19] —4—
Oliveira TB, et al. 2020 30 187 8.6% 0.16[0.11;0.22] —
Solé D et al. 2015 3513 20099 117%  0.17[0.17;0.18] O
Urrutia-Pereira M, et al. 2021 74 1058 11.0%  0.07[0.06;0.09] &

Wilmer FAP, et al. 2015 284 2563 114%  0.11[0.10;0.12] =

Random effects model 20869 146671 100.0% 0.14[0.11; 0.17] =i
Heterogeneity: Tau® = 0.0036; Chi® = 1786.57, df = 8 (P = 0); I> = 100% ! ! 5 ;

005 01 015 02

Forest Plot graph of active (A), severe (B) and diagnosed asthma (C). In relation to the ERICAZ' and PeNSE?° studies, this
meta-analysis used data extracted directly from the table published by the authors that showed the prevalence of active asthma by

2013 and 2014). The authors' presented two
justify this lower prevalence. The first was in
broader age range, however, the researchers?’ explain that
there was no significant change in prevalence when adjusted

hypotheses to
relation to the

for age. A second fact concerns a modification of the
ISAAC questionnaire question. The words “crises of” were
added before the original question “wheezing in the last
12 months”, which may have reduced the sensitivity of
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Weight Proportion [95% CI] Active asthma

Study or

Subgroup Events Total
Region = north

Barreto ML, et al. 2014 (Porto Velho) 428 2002
Bareto ML, et al 2014 (Paimas) 423 1778
Barreto ML, et al. 2014 (Rio Branco) 446 1735
Barreto ML, et al 2014 (Boa Vista ) 525 2027
Barreto ML, et al. 2014 (Manaus) 521 2019
Barmeto ML, et al 2014 (Belém) 517 1974
Barreto ML, et al 2014 (Macapd) 653 2437
Solé D et al. 2015 (Belém) 767 3708
Kuschnir FC, et al 2016 (Rio Branco) 155 1740
Kuschnir FC, et al 2016 (Manaus) 362 3549
Kuschnir FC, et al 2016 (Boa Vista) 86 750
Kuschnir FC, et al 2016 (Belém) 247 2329
Kuschnir FC, et al 2016 (Macapd) 177 1370
Kuschnir FC, et al 2016 (Paimas) 127 1170
Kuschnir FC, et al 2016 (Porto Velho) 148 1349
Random effects model 5588 29937

15%  021{020;023)
15%  024[022026]
15%  026(0.24;028)
15%  026[0.24,028)
15%  0.26[0.24,028)
15%  026[024,028]
15%  027[025,029]
15%  021[0.19,022) =2

0
paan®

Heterogeneity. Tau® = 00093, Chi” = 1036.06, df = 14 (P < 0.01), I = 99%

Region = northeast

Barreto ML, etal. 2014 (Séo Luis) 487 2675
Bareto ML, et al. 2014 (Teresina) 440 2317
Barreto ML, et al 2014 (Macei6) 338 1819
Bareto ML, et al. 2014 (Salvador) 388 2064
Barreto ML, et al 2014 (Recife) 580 3006
Barreto ML, et al 2014 (Jodo Pessoa) 517 2610
Barreto ML, et al 2014 (Natal) 493 2384
Barreto ML, et al 2014 (Aracaju) 552 2640
Barreto ML, et al 2014 (Fortaleza) 494 2266
Medeiros ML, et al 2014 (Macei6) 433 3268
Solé D etal 2015 (Aracaju) 385 3009
Solé D etal. 2015 (Maceid) 479 3628
Solé D etal 2015 (Recife) 225 1149
Kuschnir FC, et al 2016 (Sdo Luis) M 2577
Kuschnir FC, et al 2016 (Teresina) 109 1733
Kuschnir FC, et al 2016 (Fortaleza) 274 2665
Kuschnir FC, et al 2016 (Natal) 212 1944
Kuschnir FC, et al 2016 (Jodo Pessoa) 152 1956
Kuschnir FC, et al 2016 (Recife) 243 2534
Kuschnir FC, et al 2016 (Maceid) 166 2082
Kuschnir FC, et al 2016 (Aracaju) 168 1788
Kuschnir FC, et al 2016 (Savador) 150 1890
Correia Junior MAV, et al 2017 (Petrolina) 222 1591
Neto JJP, et al 2019 (imperatnz) 299 1132
Random effects model 8006 54787

Heterogenety: Tau® = 0.0086; Chi’ = 1247 72, df = 23 (P < 0.01); I’ = 98%

Region = central west

Barreto ML, et al. 2014 (Cuiabd) 372 1539
Barreto ML, et al 2014 (Campo Grande) 476 1953
Barreto ML, et al 2014 (Goidnia) 776 3044
Barreto ML, et al 2014 (Distrito Federal) 763 2934
Kuschnir FC, et al 2016 (Brasfiia) 398 2689
Kuschnir FC, et al 2016 (Goiania) 246 1598
Kuschnir FC, et al 2016 (Campo Grande) 134 1223
Kuschnir FC, et al 2016 (Cuiaba) 220 1910
Random effects model 3385 16890

15%  009[008,0.10] =
15%  0.10(0.09,0.11] =]
14%  011[009,0.14) -
15%  011[0.09,012 i
15%  013[0.11;015] o
15%  0.11[0.09,013] =S
15%  0.11[0.09,0.13] =
221%  0.18[0.14;0.22) e
15%  0.18(0.17,020] &5
15%  0.19[0.17,020] o
15%  0.19[0.17,020] B
15%  019(0.17;021) b=
15%  0.19(0.18,021) =
15% 020[0.18;021] E=3
15%  021(0.19,022] -
15%  021[0.19,023] =
15%  022[020,024] .
15% 013[012,014] RG]
15%  013[0.12,014] =
15%  0.13[0.12,0.14] =
15%  020[0.17,022] =
15%  007(0.06;008] =] i
15%  006[0.05;008] 4
15%  0.10[0.09,0.11] =
15% 0.11[010;0.12] =
15%  008(0.07,009] =
15%  0.10[0.08;0.11) )
15%  008[0.07,009] &
15%  0.09[0.08;0.11] &
15%  0.08(0.07;,0.10] =5
15%  0.14(0.12,0.16] R
15%  026(024;029) i =
354%  0.14[0.12;0.17) o
15% 0.24(0.22;026] -
15%  024[0.22,026] =
15%  025[024,027] RCg
15%  026(024,028) R
15% 015[013;0.16] Ly
15%  0.15[0.14,017) £
15%  0.11[0.09,013] -
15%  0.12[0.10,0.13] &
118%  0.19[0.14; 0.24) ——

Heterogenety: Tau” = 0.0071; Chi’ = 405.04, of = 7 (P < 0.01), I = 98%

Region = south

Barreto ML, et al. 2014 (Flonanopolis) 630 2539
Barreto ML, et al 2014 (Porto Alegre) 388 1455
Barreto ML, et al 2014 (Curitiba) 596 2153
Schuh C, et al 2015 (Porto Alegre) 144 964
Wilmer FAP, et al 2015 (Florian6polis) 415 2563
Solé D etal. 2015 (Curitiba) 621 3530
Kuschnir FC, et al 2016 (Curitiba) 370 2532
Kuschnir FC, et al 2016 (Florianopolis) 143 1145
Kuschnir FC, et al 2016 (Porto Alegre) 290 1948
Oliveira TB, et al 2020 (Santo Angelo) 55 187
Unutia-Pereira M, et al 2021 (Uruguaiana) 167 1058
Random effects model 3819 20074

15%  025(023,027) -5
15%  027[024;029) 8-
15%  028(0.26,030] = =
14%  015[0.13,017] -B-
15%  016(0.15,018]
15%  0.18[0.16,0.19] =5
15% 0.15[0.13,0.16] 5
15%  012[0.11,015 8-
15%  0.15[013;017] . &

-

—————

Heterogenety: Tau® = 0.0054; Chi’ = 33372, df = 10 (P <001), ¥ = 97%

Region = southeast

Barreto ML, et al 2014 (Rio de Janeiro) 543 2413
Barreto ML, et al 2014 (Viténa) 51 2140
Bareto ML, etal 2014 (Belo Horizonte) 749 2754
Bareto ML, et al. 2014 (Sao Paulo) 710 2408
Solé D etal 2015 (Sao Paulo) 518 2433
Solé D etal. 2015 (Belo Horizonte) 520 2642
Kuschnir FC, et al 2016 (Belo Horizonte) 406 2569
Kuschnir FC, et al 2016 (Vitoria) 161 1372
Kuschnir FC, et al 2016 (Rio de Janeiro) 313 3516
Kuschnir FC, et al 2016 (S3o Paulo) 618 3700
Random effects model 5109 25947

Heterogenetty: Tau® = 0.0077; Chi® = 744.08, df = 9 (P < 0.01), I = 99%

Random effects model 25907 147635
Heterogenety: Tau’ = 0.0077; Chi°
Test for subgroup differences Chi

856 df=4(P=007)

=432783,of =67 (P =0), " = 98%

13%  029[023,037] —8
15%  0.16[0.14,0.18]
160%  0.19[0.16; 0.23]
15%  023(021,024) &
15%  027[025;029) -
15%  027(026,029] Ry
15%  0.29(028,031) i =
15%  0.21(020;023] i
15%  020(0.18,021] =5
15%  016(0.14;0.17) =
15%  0.12(0.10,0.14] 8
15%  0.09(0.08;0.10) B
15%  0.17(0.16,0.18] =5
148%  0.20[0.15; 0.24] e
1000%  0.17[0.15; 0.19) -
005 01 015 02 025 03
Prevalence rate

Figure 3  Forest Plot of active asthma by regions in Brazil.

the ISAAC question and influenced the results with lower
prevalence.

Considering the disparities in the prevalence estimate
and risk of bias associated with the ERICA?' and PeNSE?°
studies, the authors performed a sensitivity analysis

removing these two studies from the meta-analysis, and no
significant differences in prevalence were found. In this
sense, it was decided to maintain both studies. Other studies
in Brazil report prevalence rates that ranged from 6 % in Ter-
esina in the Northeast?' to 29 % in S3o Paulo and Santo
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Figure 4 Geographic map representing the prevalence of active asthma in Brazil and its regions (A) and prevalence of asthma

according to studies (B).

Angelo in the Brazilian southeast and south.?® Although the
Northeast region has the lowest prevalence of asthma
(14 %), occurrence rates across cities varied between 6 %
and 26 % (Teresina and Imperatriz, respectively). These var-
iations also occurred in the North region (18 %) with values
ranging from 9 % to 27 % (Rio Branco and Macapa, respec-
tively), the Central West region (19 %) with a variation
between 11 % and 26 % (Campo Grande and Distrito Federal,
respectively), the Southeast region (20 %) with a variation
between 9 % and 29 % (Rio de Janeiro and Sao Paulo, respec-
tively) and the South region (19 %) with a variation between
12 % and 29 % (Florianopolis and Santo Angelo, respectively).

The weak representation of studies in some areas of the
country stands out, notably, a single study developed in a
semi-arid climate (prevalence of active asthma 14 %) was
identified.?® The literature has reported lower prevalences
in dry climates and describes a possible association with the
proliferation of house dust mites, which cannot survive in
environments with low humidity and are one of the main
determinants of allergic sensitization.>>**“> Other cultural,
genetic, environmental, social, and economic factors, expo-
sure to smoke, drinks, and even the season (since the period
before spring can lead to the manifestation of allergic
asthma attacks, due to greater exposure to pollens of plants,
in addition to regions that present a long period with low air
humidity) must be taken into consideration when analyzing

the conditions that explain the inequalities in asthma preva-
lence.20-22,34,45-48
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Due to the importance of data for public health, the cur-
rent study encourages researchers in epidemiology and
immuno-allergic diseases to use instruments that are already
validated and accepted worldwide so that their data can be
compared and inserted into decision-making. The results
presented here show the difficulty in identifying a consoli-
dated prevalence pattern given the large variation in results
and confirmed by the high heterogeneity in the meta-analy-
sis. In the same sense, the Global Strategy for the Manage-
ment and Prevention of Asthma (GINA)® has highlighted the
global difficulty in controlling the disease. Since 2011, the
Brazilian government has provided free medication for
asthma,*’ with the potential to reduce symptoms, control
the disease and, consequently, the population’s healthcare
costs. However, it seems that the reach of these programs is
not adequate across the entire territory and scientific data
is concentrated in large urban centers.*> Another issue is
that the re-evaluation of these programs occurs in an iso-
lated and infrequent manner, without a national organiza-
tion.>® Other studies could better explore the
socioeconomic context of each individual, with a focus on
housing conditions and air pollution (inside and outside
homes). Another line of investigation could be related to the
period that some Brazilian cities are exposed to low air
humidity and the relationship with allergies caused by dust
mites.

Future research may consider incorporating artificial
intelligence and machine learning tools to provide more
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Importance
Important

Certainty
®000

Very low

Effect
Absolute

(95 %Cl)
prevalence
0.18 % higher
(0.14 higher to
0.21 higher)

N° of patients
Adolescent Asthma
25.907

147.635

considerations

Other
none

Imprecision
very serious

Indirectness
not serious

Certainty assessment

Inconsistency
s b
very serious

Risk of
serious®

bias
not

observational

studies

Study design
2 The studies presented a low risk of bias regarding methodological quality for prevalence research.

Table 4  Quality of evidence using the GRADE approach.
b 12=100 %.

Cl, Confidence interval.

studies

10

No. of

accurate and timely epidemiological data through the usage
of big data. Previous initiatives utilizing these resources esti-
mated more accurate results with less heterogeneity.”' Even
so, the information about the severity of asthma present in
the ISAAC questionnaire can generate important evidence in
epidemiological studies regarding the lack of control of the
disease and the direction of investment, whether in guid-
ance or in state policies.’"*?

Regarding severe asthma, the data available for analysis
were more limited (only six studies evaluated eleven dis-
tricts out of a total of ten that evaluated 31 cities for active
asthma). In this case, only one city was evaluated in the
North region (Belém) and none in the Central West region.
The prevalence of asthma severity in Brazil was 6 %, which
varied between 4 % (Maceio, Aracaju, Uruguaiana, Sao
Paulo) and 10 % (Petrolina), however, it is noteworthy that
the Brazilian study registered the highest asthma severity
(10 %) and a relatively low prevalence of active asthma
(14 %).% As in the present study, the authors?® describe the
need for research in regions that are not large centers and
highlight the possibility of a greater lack of assistance from
the state in these locations, with greater difficulty in distrib-
uting medicines to control the disease, difficulty in finding
specialized assistance and consequently greater episodes of
severe asthma. From the interpretation of the results of this
meta-analysis, the authors can infer that asthma, at least on
the part of the professionals who diagnose the disease, does
not seem to be neglected, since the frequency of diagnosed
asthma was slightly lower (14 %) than that of active asthma
(18 %). However, this is no guarantee that patients are being
treated appropriately.

The existence of possible uncontrolled confounding fac-
tors may have been the cause of the wide variety in preva-
lence found, even when the same city was seen by different
authors. Brazil is a large country and even when divided into
regions, it presents very different characteristics in terms of
geography, socioeconomic, cultural, and demographic char-
acteristics. As possible limitations of this review, the authors
can mention that the geographic pattern was not able to
identify a consolidated model of the prevalence of active,
severe, or diagnosed asthma, even when evaluated by
regions. Even so, this was the first systematic review that
alerts us to the need to include more substantial data in the
collections, especially regarding the time of year collected,
climatic and geographic characteristics, air quality condi-
tions, in addition to social and economic characteristics.
Another relevant question would be to know the public
expenditure related to medication and issues relating to
hospitalizations. This study also warns that publications on
asthma on a national basis detail their data collected on
prevalence in non-capital cities.

The highest points of this discussion are: the meta-analy-
sis did not allow defining a consistent geographic pattern of
asthma prevalence, research has not valued issues relating
to humidity, air quality and effects of environmental aggres-
sion and cartographic representations have helped to iden-
tify spatial inequalities, in addition to showing that the
majority of Brazilian studies are in capitals and coastal cit-
ies. Public calls with funding and national organizations
aimed at studying the prevalence and risk factors of
immuno-allergic diseases that consider cultural, social, eco-
nomic, environmental, climatic, and geographic differences in

321



M.C. Oliveira, E.C. Costa, V.S. Leal et al.

sample planning could be more assertive strategies, to better
target assistance. This method, together with the free distribu-
tion of drug therapy (already existing in Brazil) and non-drug
therapy (e.g. stimulation of physical activity), as described in
the guidelines, could help in combating and directing resources
in a decentralized way based on the understanding of the data
provided by epidemiological surveillance.

Conclusion

This study proposes the need for better quality data able to
support orientated policies addressing the nuances of
asthma prevalence in young and its impacts. Higher quality
information systems can support the identification of cities
with higher incidence and help control the disease, alerting
patients to take environmental precautions against aeroal-
lergens such as fungi, mites and pollens, or even warning
about smoke related to wildfires, exposure to wind-blown
dust, dry weather and periods of greater risk of respiratory
infections, as well as informing society and the government
about the need for hospital beds and professionals inter-
ested in the study of asthma.

Prevalence needs to be assessed periodically, especially
under conditions of climate change. In this sense, studies
are needed that explore the geographic characteristics and
socioeconomic conditions of each region, emphasizing the
relationship between the macrosystem and the people.
Based on robust data and population representation, each
city will be able to allocate resources and structure for
health care, choosing whether the priority will be educa-
tion, prevention, or treatment of the disease at the outpa-
tient or hospital levels.
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