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Abstract

Objective: The best combination of questions to define asthma in epidemiological asthma studies is not known.
We summarized the operational definitions of asthma used in prevalence studies and empirically assess how
asthma prevalence estimates vary depending on the definition used.

Methods: We searched the Thomson Reuters ISI Web of knowledge and included (1) cross-sectional studies (2) on
asthma prevalence (3) conducted in the general population and (4) containing an explicit definition of asthma. The
search was limited to the 100 most-cited papers or published since January 2010. For each paper, we recorded the
asthma definition used and other variables. Then we applied the definitions to the data of the Portuguese National
Asthma survey (INAsma) and of the 2005–2006 National Health and Nutrition Examination Survey (NHANES)
computing asthma prevalence estimates for the different definitions.

Results: Of 1738 papers retrieved, 117 were included for analysis. Lifetime asthma, diagnosed asthma and current
asthma were defined in 8, 12 and 29 different ways, respectively. By applying definitions of current asthma on
INAsma and NHANES data, the prevalence ranged between 5.3%-24.4% and 1.1%-17.2%, respectively.

Conclusions: There is considerable heterogeneity in the definitions of asthma used in epidemiological studies leading
to highly variable estimates of asthma prevalence. Studies to inform a standardized operational definition are needed.
Meanwhile, we propose a set of questions to be reported when defining asthma in epidemiological studies.
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Introduction
The World Health Organization recommends assessing
population needs concerning chronic respiratory diseases
to better define adequate health policies [1]. Epidemio-
logical studies at a population level, and prevalence studies
in particular, are essential for this purpose.
The main multinational studies on asthma prevalence

are the European Community Respiratory Health Survey
(ECRHS) in adults [2], and the International Study of
Asthma and Allergies in Childhood (ISAAC) in children
and adolescents [3]. The European Union–funded Global
Allergy and Asthma European Network (GA2LEN) re-
cently conducted a large survey on the prevalence of

airway and allergic diseases, built mainly on the questions
and definitions used in the ECRHS [4].
Although the definitions used to diagnose asthma has a

great impact on prevalence estimates [5], a standardized
operational definition of asthma is still lacking. Asthma
should ideally be defined by a combination of symptoms,
clinical diagnosis, pulmonary function tests and studies of
either bronchial hyperresponsiveness (BHR) or reversibil-
ity of airflow obstruction [6-8]. However, this is rarely
feasible. In fact, in the context of population studies, only
a few have combined the use of an initial symptoms ques-
tionnaire followed by clinical assessment including lung
function tests in subsamples of symptomatic and asymp-
tomatic individuals [2,3].
The aim of this paper is 1) to provide an overview of the

operational definitions of asthma used in recent prevalence
studies and 2) to empirically assess the impact of the defin-
ition used on the prevalence of asthma estimates using data
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from the first Portuguese National Asthma survey,
Inquérito Nacional sobre Asma (INAsma) [9] and Na-
tional Health and Nutrition Examination Survey (NHANES)
2005–2006 [10]. Based on this approach we propose a set of
questions to be used when defining asthma in epidemio-
logical studies, until a standardized operational definition
based on prospective data can be established.

Methods
Literature search strategy and inclusion criteria
We performed a systematic literature search of the
Thomson Reuters ISI Web of Knowledge. The initial
search targeted papers with the terms “asthma” and
“prevalence” in the title and the final selection included
(i) cross-sectional studies (ii) on asthma prevalence (iii)
conducted in the general population.
To have a comprehensive overview of the definitions of

asthma, with both the most recent definitions and most

cited ones, we had two criteria in the papers selection: 1)
The search was limited to the studies published between
January 2010 and October 2013 and 2) the 100 most-cited
papers on the topic were included in the initial search
(Figure 1).
Papers written in languages other than English,

Portuguese, Spanish or French were excluded, as were
those without an explicit definition of asthma or with
definitions of asthma based on the International Classi-
fication of Diseases (ICD).

Data extraction from published studies
Papers were screened by a single author (AS-S) in two
phases (title and abstract and full-text screening) to ex-
clude duplicates and articles that did not meet the eligi-
bility criteria. Papers satisfying the inclusion criteria were
examined and data on country, number and age of partici-
pants, site of screening, questionnaire used, prevalence

Figure 1 Study selection. From the 1 738 papers retrieved from the Web of Knowledge using the terms asthma and prevalence in the title; 117
were finally included in the study.
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value and 95% confidence interval (CI) and definition
of asthma were recorded on a purpose-designed
form. Doubts regarding the inclusion of papers and data
extraction were clarified in agreement with a second
investigator.

Epidemiologic studies datasets
The Inquérito Nacional sobre Asma (INAsma) was con-
ducted in 2010 under the auspices of the Portuguese
Health Directorate and estimated a prevalence of current
asthma (defined as affirmative to the question “Have you

Figure 2 Elements of the definitions of “Current asthma” connected in the order established by each studies. Symptoms in the last
12 months are represented in blue, lung function tests in orange and physician diagnosis in green. The size of each element is proportional to
the number of definitions using the element. The color of the lines indicates the number of times each connection was used: once (blue), twice
(pink), three times (purple), four to eight times (red) and more than ten times (black). To simplify the diagram, breathlessness and dyspnea were
considered the same.
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Table 1 Definitions of “current asthma” and prevalence estimates computed using data from INAsma survey (n = 6257)
and from NHANES 2009 (n = 10348)

Current asthma definition INAsma NHANES 05/06

% [95% CI] % [95% CI]

Ever had asthma and wheeze in the last 12 months [13] 9.3 [8.8-10.0] n.a.

Ever had asthma and this was confirmed by a physician and at least one in the
last 12 months: wheeze, waking with tightness in the chest, waking with
breathlessness, waking with cough [14]

8.5 [7.7-9.3]* n.a.

Ever had asthma and at least one of 3 symptoms in the last 12 months:
wheezing, waking with breathlessness or having an asthma attack [9]

10.3 [9.5-11.0] n.a.

Ever had asthma and still have asthma [15,16] n.a. n.a.

Ever had asthma and was this confirmed by a physician and wheeze
and/or taking medication(s) for asthma or wheezing in the past 12 months [17]

n.a. n.a.

At least one of the following: 1) Ever had asthma and was confirmed by
a doctor and still have asthma or 2) significant bronchodilator response
according to reversibility [18]

n.a. n.a.

Ever had asthma and still have asthma and was confirmed by a physician [19] n.a. n.a.

At least one of the following: 1) Ever had asthma and wheezing in the last 12 months
or 2) wheezing 4 times or more during the last 12 months or 3) physician diagnosis
and wheezing in the last 12 months or 4) current use of inhalation steroids [20]

n.a. n.a.

Diagnosed with asthma by a physician and wheeze in the last 12 months [21] 7.6 [6.9-8.3]* 1.7 [1.5-1.9]

Diagnosed with asthma by a physician and currently taking asthma medication [22] 7.4 [6.7-8.1]* 1.1 [0.9-1.3]

Diagnosed with asthma by a physician and use of asthma medication in the last
12 months and cough or wheeze in the last 12 months [23]

5.3 [4.7-5.9]† n.a.

Diagnosed with asthma by a physician and at least one: currently taking
asthma medication, attacks of shortness of breath or recurrent
wheeze in the last 12 months [24]

6.3 [5.6-6.0]*,‡ n.a.

Diagnosed with asthma by a physician and still have asthma [25-37] n.a. 8.4 [7.9-8.4]

Diagnosed with asthma by a physician and any of the following in the
previous 2 years: wheezing following a common cold, dyspneal feeling
at night or early in the morning, cough or wheeze during exercise [38]

n.a. n.a.

Physician stated that (you) had asthma in the last 2 years or on 2 or
more separate occasions had wheezing in the last 2 years [39,40]

n.a. n.a.

At least one of the following: 1) Diagnosed with asthma by a physician
and at least 1 symptom in the last 12 months: wheeze, wheezes with
attacks of shortness of breath, nocturnal attacks of shortness of breath,
use of asthma medication or 2) reversible airways obstruction [41]

n.a. n.a.

Wheeze in the last 12 months [42-54] 22.9 [21.9-23.9] 12.9 [12.2-13.5]

Wheeze in the last 12 months or currently taking asthma medication [55] 24.4 [23.3-25.5] 12.9 [12.2-13.5]

Current wheeze and 1 of the following: 1) ever had an asthma attack
or 2) ever had asthma or 3) taking medication(s) for asthma or wheeze [56]

9.3 [8.6-10.0]** n.a.

Asthma attack or currently taking asthma medication [2] 9.0 [8.3-9.7] n.a.

At least one in the last 12 months: Waking at night by shortness of breath,
had an asthma attack or currently taking any medicines (including inhalers,
aerosols or tablets) for asthma [57]

14.5 [13.6-15.4] n.a.

At least one of the following symptoms: wheeze in the last 12 months,
coughing constantly for more than 3 weeks in any time in your life,
attack of asthma in the last 12 months, or nasal allergies including
hay fever in the last 12 months [58]

n.a. 17.2 [16.5-17.9]‡‡

Wheeze in the last 12 months and at least 1 of the following in the last 12 months: any
lifetime episode of asthma; wheezing during physical exercise; four or more episodes of
wheezing in the previous year; or waking at night at least once a week due to wheezing [59]

n.a. 8.8 [8.3-9.3]††

Asthma in the last 12 months [60-66] n.a. n.a.

Had a condition which causes difficulty in breathing, with wheezing noises in
the chest in the last 12 months [67]

n.a. n.a.
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ever had asthma?” and at least one of 3 symptoms in the
last 12 months: wheezing, waking with breathlessness or
having an asthma attack) of 6.8% for the Portuguese popu-
lation [9]. The INAsma survey comprised two phases: esti-
mation of the prevalence of current asthma and estimation
of the proportion of asthmatic patients with controlled dis-
ease. The INAsma survey and current study were reported
in accordance with the STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE) state-
ment guidelines [11].
The National Health and Nutrition Examination Survey

(NHANES) 2005–2006 assessed the health and nutritional
status of the United States population. And estimated a
prevalence of asthma (defined as affirmative to the follow-
ing questions: 1) Has a doctor or other health professional
ever told you that you have asthma? 2) Do you still have
asthma?) of 8.8% for the U.S. population [12].
Further details on databases can be found in Additional

file 1.

Data analysis
For each asthma definition recorded, we presented the cor-
responding prevalence value and 95% CI (if available) and
computed the proportion of individuals with asthma using
data from the INAsma survey and NHANES 2005–2006.
The definitions found were reproduced as they ap-

peared in each paper and were grouped into 3 general
subgroups: (i) current asthma (if the definition included
current asthma features such as symptoms, current use
of medication or the “still have asthma” expression); (ii)
diagnosed asthma (if the definition included an asthma
diagnosis by a health care professional or ever use of
medication for asthma, but not any current asthma fea-
ture) and (iii) lifetime asthma (if the definition included
having ever had asthma, but not any current asthma fea-
ture or asthma diagnosis).

Statistical analyses were performed using IBM SPSS Sta-
tistics v21 (2012 SPSS Inc., IBM Company, Chicago, US).
The two phases of INAsma comprises data from 6 257 par-
ticipants, both males and females from 0 to 98 years old.
NHANES 2005–06 comprises data from 10 348 partici-
pants both males and females from 0 to 150 years old.
Using the two phases of INAsma and NHANES 2005–
2006 data, we estimated the proportion of individuals with
95% CI with asthma for each of the definitions in all applic-
able cases and when the necessary data were available.
The elements used in each paper to define current

asthma were plotted in a diagram (Figure 2). The size of
the circles is proportional to the number of definitions
in which the element is used. Different colors were at-
tributed to definition elements depending if they were
related to symptoms in the last 12 months, lung func-
tion tests or to physician diagnosis. Definitions elements
were connected in the sequence established by the def-
inition in each study. The number of times each con-
nection was used is also indicated.

Results
Of the 1738 papers retrieved from the Web of Know-
ledge database, 117 were included for analysis (Figure 1).
The characteristics of the studies included are summa-
rized in Additional file 2 and 3. They described preva-
lence studies conducted all over the world, on children
(27.4%), on adolescents (10.3%), on children and adoles-
cents (25.6%), on adults (25.6%), on elders (1.7%) and
on all population(8.5%). Several questionnaires were
applied, but the most common one was the ISAAC
questionnaire, used in 45.5% of studies.
Lifetime asthma was defined in 34 papers, diagnosed

asthma in 54 and current asthma in 61 (see Additional
file 4). The 3 subgroups were defined in 8, 12 and 29
different ways, respectively (Tables 1 and 2).

Table 1 Definitions of “current asthma” and prevalence estimates computed using data from INAsma survey (n = 6257)
and from NHANES 2009 (n = 10348) (Continued)

At least one of the following: 1) any symptom in the last 12 months: wheezing,
shortness of breath, coughing bouts or dyspnea or 2) previous physician-based
diagnosis of asthma or 3) use of medication for asthma [68]

n.a. n.a.

Both: 1) Ever whistling sound from chest or chest tightness or breathlessness
in the morning, and 2) having suffered from asthma or having an attack
of asthma in the past 12 months or using bronchodilators [69]

n.a. n.a.

Bronchial hyperresponsiveness and asthma symptoms (wheeze, night cough,
or shortness of breath at rest) within the previous 12 months [70]

n.a. n.a.

At least one of the following: 1) Recent symptoms (wheeze or nocturnal
cough) or 2) asthma medication use [71]

39.5 [38.2-40.7] n.a.

*Questions related to this variable were only asked in the second phase of INAsma; therefore the total number of participants was corrected for non-response in
phase II (total n = 4949). n.a. – not available – Questions related to this variable were not asked in the INAsma survey. †“Cough” was interpreted as “waking with
cough” for estimation purposes. ‡The variable was considered as “diagnosed with asthma by a physician and currently taking asthma medication and attacks of
asthma or wheeze in the last 12 months” for estimation purposes. ††The variable was considered without the symptom “any lifetime episode of asthma” for
estimation purposes. ‡‡The variable was considered without the symptom “attack of asthma in the last 12 months” for estimation purposes. **“ever had an asthma
attack” was considered as “ever had an asthma attack in the last 12 months” for estimation purposes.

Sá-Sousa et al. Clinical and Translational Allergy 2014, 4:24 Page 5 of 12
http://www.ctajournal.com/content/4/1/24



The definition of current asthma in each paper was based
on a combination of elements. The most common elements
were “wheeze in the last 12 months” (in 30 definitions) and
“ever diagnosed with asthma by a physician or health profes-
sional” (in 21 definitions) (Figure 2). “Current asthma treat-
ment” was used in 12 definitions. Other common symptoms
were “shortness of breath at rest” (n = 8), “asthma attack” (n
= 7), “shortness of breath/dyspnea” (n = 4), “nocturnal
cough” (n = 4) and “cough” (n = 3) in the last 12 months.

Only 3 papers used “bronchial hyperresponsiveness” or “re-
versibility of airflow obstruction” in their definition of
asthma. The most common combination used to define
current asthma was “Ever diagnosed with asthma by a health
professional” together with “still have asthma” (n = 13).
Most of the papers using “wheeze in the last 12 months”

as an element to define current asthma described the
prevalence of asthma in children, adolescents or both (n =
21,70% - data not shown).

Table 2 Definitions of “Lifetime asthma” and “Diagnosed asthma” and prevalence estimates computed using data
from INAsma survey (n = 6257) and from NHANES 2009 (n = 10348)

Definition INAsma NHANES 05/06

% [95% CI] % [95% CI]

Lifetime asthma

Ever had asthma [3,9,14,16,17,24,51,54,66,72-89] 14.5 [13.6-15.4] n.a.

Wheeze in the last 12 months or ever had asthma [90] 28.1 [27.0-29.2] n.a.

Had a condition which causes difficulty in breathing, with
wheezing noises in the chest [67]

n.a. n.a.

Self-report of dyspnea and nocturnal dyspnea associated with wheezing,
or attacks of dyspnea with wheezing, or physician-diagnosed asthma [91]

n.a. n.a.

Ever had wheeze [92] n.a. n.a.

Report of simultaneous dyspnea and wheezing in the absence of
upper respiratory infections [93]

9.5 [8.8-10.2] n.a.

Ever had wheeze and cough more than other (children) and
breathlessness at rest or exercise [94]

n.a. n.a.

Ever had asthma and/or one of the following: wheeze, cough or
acute shortness of breath due to external factors [95]

n.a. n.a.

Diagnosed asthma

Ever diagnosed with asthma by a physician or health
professional [21,23,24,26,28,29,52,66,85-88,91,92,94,96-118]

9.3 [8.5-10.2]* 13.4 [12.7-14.1]

Diagnosed with asthma by a physician or wheezing in the
last 12 months, apart from cold or the flu [119]

20.1 [19.0-21.2]* 24.5 [23.6-25.3]†

Diagnosed with asthma by a physician in the last 12 months [120,121] n.a. n.a.

Ever had asthma and medical confirmation [14,17,38,122] 9.3 [8.5-10.1]* n.a.

Ever had asthma and use of medication for asthma [9] 8.2 [7.5-8.9] n.a.

Ever diagnosed with asthma by a physician or health professional
and Ever stayed over night in the hospital for wheezing [123]

2.5 [2.1-2.9]* n.a.

Ever diagnosed with asthma by a physician or health professional
and use of medication for asthma [47]

7.4 [6.7-8.1]* 1.1 [0.9-1.3]

History of asthma and physical examination and skin-prick tests and
peak flow measurements [53]

n.a. n.a.

History of asthma and physical signs of asthma (rhonchi or chest deformity) [124] n.a. n.a.

Diagnosed with asthma by a physician or symptoms (presence of wheezing,
history of dry cough, recurrent wheeze, dyspnea/ recurrent difficulty in
breathing or recurrent chest tightness) with clinical assessment [125]

n.a. n.a.

Recurrent wheezing episodes, clinically confirmed by a physician, exactly
a pediatrician or a pediatric pulmonologist [126]

n.a. n.a.

Physician stated that (you) had asthma in the last 2 years, on 2 or more separate
occasions had wheezing in the last 2 years, or had asthma prior to 2 years ago
or on 2 or more separate occasions had wheezing prior to 2 years ago [39,40]

n.a. n.a.

*Questions related to this variable were only asked in the second phase of INAsma; therefore the total number of participants was corrected for non-response
in phase II (total n = 4949). n.a. – not available – Questions related to this variable were not asked in the INAsma survey. †“apart from cold or the flu” was not
considered for estimation purposes.

Sá-Sousa et al. Clinical and Translational Allergy 2014, 4:24 Page 6 of 12
http://www.ctajournal.com/content/4/1/24



The prevalence of asthma estimates based on the ap-
plicable definitions of current asthma ranged between
5.3% and 39.5% in the Portuguese population for the 13
(45%) applicable definitions and between 1.1% and
17.2% in U.S. population for the 7(24%) applicable defi-
nitions (Table 1).
The definitions varied even in papers that used the same

questionnaire. For instance, eight different definitions
were used in 18 studies of the ISAAC questionnaire (see
Additional file 5 and Figure 3). Using the eight variants of
the definition of current asthma based on the ISAAC
questionnaire, the proportion of children and adolescents
with asthma estimated from the INAsma data varied be-
tween 9.0% and 20.5% (Figure 3).
Concerning definitions of lifetime asthma, three defini-

tions could be used with data from INAsma with preva-
lence estimates ranging between 9.5% and 28.1%; none of
the definitions were applicable to NHANES data (Table 2).

Discussion
The operational definitions of asthma varied extensively
among studies and do not allow to compare estimates
between studies, even if similar data collection methods
were used. Additionally, when we applied the definitions
of current asthma to two datasets from population stud-
ies, we found that the prevalence of asthma ranged from
5.3% to 39.5% in Portuguese population and from 1.1%
to 17.2% in U.S. population depending on the definition
used. Current asthma was most frequently defined by

the combination of “ever diagnosed with asthma by a
health professional” with “still having asthma”. Wheeze
was the most frequently used current symptom, espe-
cially in children.
The Web of Knowledge was the only database used

for the search. While this may be seen as a limitation of
the present study, this approach allowed the inclusion of
the most-cited papers on asthma prevalence conducted
in both children and adults.
The wide variability of the estimates computed for differ-

ent definitions is in accordance with the results of a study
in children [5]. The variety of definitions identified in the
present study illustrates both the difficulty of identifying
people with asthma by questionnaire and the difficulty of
establishing an internationally accepted definition, even
when the same questionnaire is used.
The few published studies that have validated asthma

questionnaires, used BHR tests or a physician’s diagnosis
as gold-standard [8,127,128]. These reports concluded that
questions on wheeze are the most sensitive and questions
such as “Have you ever had asthma?” or questions on
“waking with attacks of shortness of breath” and “morning
tightness” have high specificity for asthma [8,127,128]. In
our review, wheeze was the most commonly used symp-
tom, especially in children. However, it should be noted
that a diagnosis of asthma based on wheeze is only accur-
ate during some stages of childhood [129,130] and the use
of a comprehensive description of asthma symptoms
might reduce the risk of misclassification of asthma in

Figure 3 Prevalence of asthma according to several definitions of the “Current asthma” based on ISAAC questionnaire. Prevalence
estimates for Portuguese children aged 6, 7, 13 and 14 years old were computed using data from the INAsma survey (also see Additional file 5).
*95% CI not available. n.a. – not available. Proportion of people with asthma using the INAsma data are represented by •; prevalence stated in
other studies are represented by ■. Lines represent the CI (when available). Shades gather the values for the same definition.
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children. Pekkanen and coworkers also suggested that def-
initions using a combination of asthma symptoms increase
specificity against self-report of ever having asthma and
BHR and that the use of a continuous asthma score based
on asthma symptoms increases both the specificity and
power for predicting asthma [7].
The present study shows that prior asthma diagnosis by a

health professional was commonly used to define asthma.
However, in some countries and cultural contexts, the use

of prior diagnosis may lead to an under- or overestimation
of asthma prevalence [131]. Attention to this potential
problem is especially important in multinational studies
and, in fact, ISAAC [3] and ECRHS [2] do not consider a
prior diagnosis definitive for asthma.
Standardized definitions are necessary for prevalence

comparisons worldwide. This should be achieved by the
validation of self-reported features, against objective meas-
ure, such as (i) variability of airflow obstruction, reversibility

Figure 4 Questions to be asked and independently reported.
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and BHR, (ii) physician classification including current
therapy and (iii) persistence of diagnosis at clinical long-
term follow-up. By reporting the sensitivity and specificity
of different approaches, these validation studies would in-
form the decision on a standardized operational definition
of asthma for epidemiological purposes.
Based on the data presented, we propose an initial

comprehensive set of questions (Figure 4) that can be
used in validation studies while allowing comparisons
with previous prevalence studies of asthma. As this is
an early step to achieve a standardized definition of
asthma, we suggest that at this time, the data items pro-
posed in Figure 4 should be reported separately to in-
crease the inter-study comparability.

Conclusions
The operational definition of asthma has an important
effect on estimates of asthma prevalence in epidemio-
logic studies. There is a need for an accurate standard-
ized operational definition of asthma. To inform this
definition it is important to estimate the sensibility and
specificity of a set of questions (Figure 4) against re-
versibility/variability of the airflow obstruction, BHR
and clinical assessment.
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INAsma database 

The Inquérito Nacional sobre Asma (INAsma), conducted in 2010 was the first 

nationwide study on asthma that uses standardized methods. The survey 

comprises two phases. In the first phase, aiming to evaluate asthma 

prevalence we estimated that 7% of the Portuguese population had current 

asthma 1 ; in the second phase we estimated that half of the Portuguese 

asthma patients had their disease controlled (paper under review). 

This was a cross-sectional, population-based, telephone interview survey 

including all municipalities of Portugal. To obtain a representative sample of 

the population, a stratified cluster sampling design was used as previously 

described 1. Data were obtained for 6 257 respondents. 

Interview	
  components	
  

The INAsma interviews include demographic, socioeconomic, and allergic 

diseases symptoms (based on the Portuguese version of the GA2LEN 

survey), asthma and allergic rhinitis control (based on CARAT), healthcare 

utilization, medication use, absenteeism, quality of life, physical activity and 

smoking habits. 

Data	
  Collection	
  Methodology	
  	
  

A private company administered the questionnaire through Computer 

Assisted Telephone Interviews (CATI) performed by trained and experienced 

interviewers. Interviews were conducted between March and October of 2010, 

mostly between 17:00–22:00 h in weekdays and 11:00–22:00 h in weekends 

and holidays. Each telephone number was not abandoned before a minimum 

of ten attempts in different occasions.  

Interviewer	
  Training,	
  quality	
  control	
  monitoring	
  and	
  data	
  consistency	
  check	
  

Interviewers were selected based on their previous experience on health-

related data collection; each question was discussed in training sessions held 

between researchers and all interviewers; a research assistant was present in 



the setup, training and daily work of the interviewers, motivating and checking 

the compliance with the standardized operational procedures.  

Data validity was periodically verified soon after being collected and custom 

statistic algorithms were used to detect extreme, illogical and missing values. 

The clarity of the questionnaire and its telephonic administration was 

assessed in a pilot study with 25 individuals before starting the data collection. 

NHANES 2005-2006 database 

The National Health and Nutrition Examination Survey (NHANES) is a 

program of studies designed to assess the health and nutritional status of 

adults and children in the United States. The survey is unique in that it 

combines interviews and physical examinations.  

The NHANES program began in the early 1960s and has been conducted as 

a series of surveys focusing on different population groups or health topics. In 

1999, the survey became a continuous program that has a changing focus on 

a variety of health and nutrition measurements to meet emerging needs. The 

survey examines a nationally representative sample of about 5,000 persons 

each year. These persons are located in counties across the country, 15 of 

which are visited each year. 

Further details on survey design can be found in 

http://www.cdc.gov/nchs/nhanes/about_nhanes.htm. 

Interview	
  components	
  

The NHANES interview includes demographic, socioeconomic, dietary, and 

health-related questions. The examination component consists of medical, 

dental, and physiological measurements, as well as laboratory tests 

administered by highly trained medical personnel. 

Data	
  Collection	
  Methodology	
  	
  

Household Interview and Mobile Examination Center (MEC) Interview data 

were recorded electronically using computerized questionnaire forms that 



were programmed using Blaise© software. The Household Interview 

questionnaires were programmed in Blaise© and installed on pentop 

computers for use in the field. The MEC interviews were also administered in 

an automated format, but the interview module formats included non-Blaise© 

software. After data collection was completed, the interview data files were 

transmitted electronically to a central survey database system. 

Interviewer	
  Training,	
  quality	
  control	
  monitoring	
  and	
  data	
  consistency	
  check	
  

All interviewers completed a comprehensive two-week training program. Many 

of the interviewers had prior interviewing experience. NHANES interviewer 

training included role-playing exercises and practice interviews, all of which 

were monitored by NCHS and contractor staff. Detailed information about the 

interviewer training requirements is found in the NHANES Household 

Interviewer Training Manual. 

Extensive pretesting was completed prior to implementing the questionnaires 

in the field. A full "dress rehearsal" pilot test was conducted with the field and 

examination staff, to test all of the systems and procedures. Several types of 

quality control monitoring methods were implemented and interviewers were 

frequently accompanied on interviews and observed to verify that the 

interview protocol was administered correctly. Interviewers were retrained on 

survey procedures if necessary. 

The NHANES CAPI systems had built-in edit and range checks for most 

questions that have open-ended response options. When unusual or 

unrealistic responses were recorded, the interviewer was alerted immediately 

and instructed to verify or edit the initial response. 

 

1. Sa-Sousa A, Morais-Almeida M, Azevedo LF, Carvalho R, Jacinto T, 
Todo-Bom A, et al. Prevalence of asthma in Portugal - The Portuguese 
National Asthma Survey. Clin Transl Allergy. 2012; 2: 15. 

 



Additional	
  File	
  2	
  -­‐	
  Summary	
  of	
  the	
  included	
  studies	
  	
  

Table 1: Summary of the included studies (n=117) by definition of asthma 

 Lifetime asthma 
[1-34] 

Diagnosed asthma [2, 4, 
17, 21-26, 30, 31, 33, 35-

76] 

Current asthma 
[2-4, 7, 9, 17, 21, 22, 29, 40, 
41, 47, 54, 56, 63, 67, 70, 71, 

75-117] 
Papers, n 34 54 61 
Operational definitions, n 8 12 29 
Prevalence of asthma, % 1.4-28.2 1.0-38.6 1.5-29.4 
Questionnaires used ATS 

ECRHS 
FinEsS 
ISAAC 
MRC 
NHIS 
OLIN 

ATS 
ATS-DLD 
BOLD 
BPAS 
CRQ 
ECRHS 
FinEsS 
GEIRD 
ISAAC 
MRC 
National asthma 
prevalence study 
(Bangladesh) 
PNAD 
National Maternal and 
Infant Health Survey 
NHANES 
OLIN 
WHS 

ATS 
ATS-DLD 
BOLD 
ECRHS 
ISAAC 
IUATLD 
MRC 
National asthma prevalence 
study (Bangladesh) 
NCHS 
NFHS 
NHANES 
NHIS 
NYC-NAAS 
PNAD 

Country/Region Austria 
Australia 
Brazil 
Canada 
China 
Cyprus 
Denmark 
Greece 
Italy 
Japan 
Norway 
Portugal 
Scandinavia and 
Eastern Europe 
South Korea 
Spain 
Sweden 
United Arab 
Emirates 
United Kingdom 
United States 
Vietnam 

Australia 
Bangladesh 
Brazil 
Canada 
China 
Colombia 
Croatia 
Finland 
Germany 
Greece 
Iran 
Japan 
New Zealand 
Portugal 
Saudi Arabia 
Serbia and Montenegro 
Singapore 
South Korea Sweden 
Thailand 
United Kingdom 
United States 
Ukraine 
Vietnam 

Australia 
Bangladesh 
Brazil 
Canada 
Croatia 
Ecuador 
European Community 
Greece 
India 
Ireland 
Japan 
Peru 
Portugal 
Rwanda 
South Korea 
Spain 
Sweden 
Turkey 
United Arab Emirates 
United Kingdom 
United States 

Data collection / 
questionnaire 
administration method 

Telephone 
Post 
School 
Door-to-door 

Telephone 
Post 
School 
Primary care unit 
Door-to-door 
Mobile unit 

Telephone 
Post 
School 
Primary care unit 
Door-to-door 
Mobile unit 
Public place 

The asthma definitions were grouped into 3 general subgroups: lifetime asthma (if the respondent reported ever having had asthma), 
diagnosed asthma (if the respondent reported asthma diagnosed by a health professional) and current asthma (if the respondent 
reported having had asthma features in the 12 months prior to the interview). ATS, American Thoracic Society; ATS-DLD, American 
Thoracic Society-Division of Lung Disease; BOLD, Burden of Lung Disease; BPAS, Brief Pediatric Asthma Screen; CSGA, 
Collaborative Studies on the Genetics of Asthma; CRQ, Children’s Respiratory Questionnaire; ECRHS, European Community 
Respiratory Health Survey; FinEsS, Finnish, Estonian and Swedish respiratory Survey; ISAAC, International Study of Asthma and 
Allergies in Childhood; IUATLD, International Union Against Tuberculosis and Lung Disease; MRC, Medical Research Council 
respiratory questionnaire; NCHS, Five data sources from the National Center for Health Statistics; NFHS, National Family 
Health Survey; NHANES, National Health and Nutrition Examination Survey; NHIS, National Health Interview Survey; NYC-NAAS, 
New York City – Neighborhood Asthma and Allergy Study; PNAD, National Household Sample Survey-Pesquisa Nacional por 
Amostra de Domicílios; OLIN, Obstructive Lung Disease In Northern Sweden; WHS, World Health Survey.  
 



Table 2: The 117 included papers by Average citation per year by the end of 2013. 

First Author Year Journal Times 
cited 

Average 
citations 
per year 

Pearce, N. 2007 Thorax 291 41.57 
Asher, M. I. 1998 European Respiratory Journal 644 40.25 
Akinbami, L. J. 2002 Pediatrics 408 34 
Burney, P. 1996 European Respiratory Journal 514 28.56 
Burr, M. L. 1989 Archives Of Disease In Childhood 644 25.76 
Burney, P. G. J. 1990 British Medical Journal 482 20.08 

Moorman, J. E. 2011 Morbidity And Mortality Weekly Report. 
Surveillance Summaries  59 19.67 

Vonmutius, E. 1992 British Medical Journal 331 15.05 
Gergen, P. J. 1988 Pediatrics 383 14.73 
Robertson, C. F. 1991 British Medical Journal 313 13.61 

Weitzman, M. 1992 JAMA-Journal Of The American Medical 
Association 280 12.73 

Upton, M. N. 2000 British Medical Journal 178 12.71 
Crain, E. F. 1994 Pediatrics 247 12.35 
Mortz, C. G. 2001 British Journal Of Dermatology 154 11.85 
Kaur, B. 1998 British Medical Journal 177 11.06 
To, T. 2012 BMC Public Health 22 11 
Galassi, C. 2006 Pediatrics 85 10.63 
Litonjua, A. A. 1999 Pediatric Pulmonology 148 9.87 
Downs, S. H. 2001 Archives Of Disease In Childhood 126 9.69 
Anderson, H. R. 1994 British Medical Journal 187 9.35 
Haby, M. M. 2001 Thorax 121 9.31 
Woolcock, A. J. 1987 Thorax 243 9 
Zollner, I. K. 2005 Thorax 81 9 
Arif, A. A. 2003 European Respiratory Journal 93 8.45 
Akinbami, L. J. 2011 National Health Statistics Reports 25 8.33 
Rodriguez, M. A. 2002 Archives Of Pediatrics & Adolescent Medicine 99 8.25 
Pearce, N. 2000 European Respiratory Journal 112 8 
Strachan, D. P. 1994 Archives Of Disease In Childhood 155 7.75 
Bjorksten, B. 1998 European Respiratory Journal 120 7.5 
Miller, J. E. 2000 American Journal Of Public Health 105 7.5 
Leung, R. 1997 European Respiratory Journal 118 6.94 
Guo, Y. L. L. 1999 Environmental Health Perspectives 103 6.87 
Goh, D. Y. T. 1996 Archives Of Disease In Childhood 118 6.56 
Peat, J. K. 1992 British Medical Journal 141 6.41 
Joseph, C. L. M. 1996 Journal Of Pediatrics 105 5.83 
Oraka, E. 2010 Chest 23 5.75 
Kwon, J.-W. 2011 Allergy Asthma & Immunology Research 17 5.67 
Bjerg, A. 2010 Allergy 22 5.5 
Krstic, G. 2011 Plos One 16 5.33 
Akinbami, L. J. 2010 Environmental Research 21 5.25 
Clifford, R. D. 1989 Archives Of Disease In Childhood 125 5 
Waite, D. A. 1980 Clinical Allergy 165 4.85 
Studnicka, M. 1997 European Respiratory Journal 81 4.76 
Ma, J. 2010 Allergy 19 4.75 
James, A. L. 2010 European Respiratory Journal 19 4.75 
Mak, H. 1982 Journal Of Allergy And Clinical Immunology 146 4.56 
Wennergren, G. 2010 Pediatric Allergy And Immunology 16 4 

Sanchez-Lerma, B. 2012 Journal Of Investigational Allergology And Clinical 
Immunology 8 4 

Arnedo-Pena, A. 2011 International Journal Of Biometeorology 11 3.67 
Duggan, E. M. 2012 Pediatric Allergy And Immunology 7 3.5 
Barry, A. C. 2010 Journal Of Asthma 11 2.75 
Fukutomi, Y. 2010 International Archives Of Allergy And Immunology 10 2.5 
Rodriguez, A. 2011 Thorax 7 2.33 

Ekerljung, L. 2010 International Journal Of Tuberculosis And Lung 
Disease 9 2.25 

Bai, J. 2010 Biomedical And Environmental Sciences 9 2.25 
Hansen, T. E. 2013 Acta Paediatrica 2 2 
Dell, S. D. 2010 Canadian Respiratory Journal 8 2 
Lukrafka, J. L. 2010 Journal Of Asthma 8 2 
Musafiri, S. 2011 Respiratory Medicine 6 2 



First Author Year Journal Times 
cited 

Average 
citations 
per year 

Chittleborough, C. R. 2010 Respirology 6 1.5 
Sa-Sousa, A. 2012 Clinical And Translational Allergy 3 1.5 
Fukutomi, Y. 2011 Allergology International 4 1.33 

Julia-Serda, G. 2011 International Journal Of Tuberculosis And Lung 
Disease 4 1.33 

Sousa, S. I. V. 2011 Environment International 4 1.33 
Andrea Rodriguez, L. 2010 Biomedica 5 1.25 
Wehrmeister, F. C. 2010 Cadernos De Saude Publica 5 1.25 
Frazier, J. C. 2012 Preventing Chronic Disease 2 1 
de Marco, R. 2013 Plos One 1 1 
Agrawal, S. 2012 Journal Of Asthma 2 1 
Koshy, G. 2010 Journal Of Public Health 4 1 
Lam, H. T. 2011 Respiratory Medicine 3 1 
Pegas, P. N. 2011 Revista Portuguesa De Pneumologia 3 1 
Yeh, K.-W. 2011 Asian Pacific Journal Of Allergy And Immunology 3 1 
Alves, G. d. C. 2012 Cadernos De Saude Publica 2 1 
Ekici, A. 2012 Journal Of Asthma 2 1 
Fedortsiv, O. 2012 Advances In Medical Sciences 2 1 
Robinson, C. L. 2012 Bmj Open 2 1 
Kim, S. Y. 2013 Lung 1 1 
Alsowaidi, S. 2010 Respiration 4 1 
Ekerljung, L. 2010 Clinical Respiratory Journal 4 1 
Delmas, M. C. 2012 Revue Des Maladies Respiratoires 2 1 
Akinbami, L. J. 2012 NCHS Data Brief 2 1 
Kainu, A. 2013 Primary Care Respiratory Journal 1 1 
Jain, A. 2010 Indian Journal Of Pediatrics 3 0.75 
Anthracopoulos, M. B. 2011 Allergy And Asthma Proceedings  2 0.67 
Anthracopoulos, M. B. 2011 Acta Paediatrica 2 0.67 
Bryant-Stephens, T. 2012 Journal Of Asthma 1 0.5 
Oraka, E. 2012 Journal Of Asthma 1 0.5 
Al Ghobain, M. O. 2012 Bmc Public Health 1 0.5 
Gudelj, I. 2012 Medical Science Monitor 1 0.5 
de Farias, M. R. d. C. 2010 Brazilian Journal Of Epidemiology 2 0.5 
Parasuramalu, B. G. 2010 Indian Journal Of Public Health 2 0.5 
Coker, T. R. 2012 Health Services Research 1 0.5 
Fiori, N. S. 2012 Cadernos De Saude Publica 1 0.5 
Matos Povoas Juca, S. C. 
B. 2012 Cadernos De Saude Publica 1 0.5 

Kolokotroni, O. 2011 BMC Public Health 1 0.33 
de Luna, M. d. F. G. 2011 Cadernos De Saude Publica 1 0.33 
de Sousa, J. C. 2011 BMC Public Health 1 0.33 
Toledo, M. F. 2011 Allergologia Et Immunopathologia 1 0.33 
Zivkovic, Z. 2010 World Journal Of Pediatrics 1 0.25 
Shakurnia, A. H. 2010 Eastern Mediterranean Health Journal  1 0.25 

Agrawal, S. 2013 International Journal Of Tuberculosis And Lung 
Disease 0 0 

Broms, K. 2013 BMC Public Health 0 0 
Bennoor, K. S. 2011 Respirology 0 0 

Cornell, A. G. 2011 American Journal Of Respiratory And Critical Care 
Medicine 0 0 

de Luna, M. d. F. G. 2013 Jornal Brasileiro De Pneumologia  0 0 
de Sousa, C. A. 2012 Revista De Saude Publica 0 0 
Hong, S. 2012 Environmental Health And Toxicology 0 0 
Hwang, G.-S. 2012 Asia-Pacific Journal Of Public Health 0 0 
Jie, Y. 2013 Polish Journal Of Environmental Studies 0 0 
Lopez-Silvarrey-Varela, 
A. 2011 Archivos De Bronconeumologia 0 0 

Mahboub, B. H. 2012 Bmc Pulmonary Medicine 0 0 
Moreira, S. M. 2010 European Journal Of Medical Research 0 0 
Nriagu, J. 2012 Science Of The Total Environment 0 0 
Rerksuppaphol, S.  2012 Pediatric Reports 0 0 

Zahran, H. S.  2011 JAMA-Journal Of The American Medical 
Association 0 0 

Zobeiri, M. 2011 Acta Medica Iranica 0 0 
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Additional File 3: Definitions in the ten most cited and the ten most recent papers from the 117 included by Average citations per year at the end of 
2013.	
  

First Author Year Journal Times 
cited 

Average 
citations 
per year 

Current Asthma Lifetime Asthma Diagnosed Asthma 

Ten most cited papers 
Pearce, N. 2007 Thorax 291 41.57  Ever had asthma  
Asher, M. I. 1998 European Respiratory Journal 644 40.25  Ever had asthma  
Akinbami, L. J. 2002 Pediatrics 408 34.00 Asthma in the last 12 months   
Burney, P. 1996 European Respiratory Journal 514 28.56 Asthma attack or currently taking 

asthma medication   

Burr, M. L. 1989 Archives Of Disease In 
Childhood 

644 25.76 Ever had asthma and wheeze in 
the last 12 months   

Burney, P. G. J. 1990 British Medical Journal 482 20.08 Asthma in the last 12 months   
Moorman, J. E. 2011 Morbidity And Mortality Weekly 

Report. Surveillance Summaries  
59 19.67 Diagnosed with asthma by a 

physician and still have asthma   

Vonmutius, E. 1992 British Medical Journal 331 15.05   Ever diagnosed with asthma by a 
physician or health professional 

Gergen, P. J. 1988 Pediatrics 383 14.73 

  

Diagnosed with asthma by a 
physician or wheezing in the last 
12 months, apart from cold or the 
flu 

Robertson, C. F. 1991 British Medical Journal 313 13.61  Ever had asthma  
Ten most recent papers 

Hansen, T. E. 2013 Acta Paediatrica 2 2   

Ever had asthma and/or one of the 
following: wheeze, cough or acute 
shortness of breath due to external 
factors 

  

de Marco, R. 2013 Plos One 1 1     Ever had asthma and medical 
confirmation 

Kim, S. Y. 2013 Lung 1 1     Ever diagnosed with asthma by a 
physician or health professional 

Kainu, A. 2013 Primary Care Respiratory 
Journal 1 1     Ever diagnosed with asthma by a 

physician or health professional 

Agrawal, S. 2013 International Journal Of 
Tuberculosis And Lung Disease 0 0 Asthma in the last 12 months     

Broms, K. 2013 BMC Public Health 0 0 

At least one of the following: 1) 
Ever had asthma and wheezing in 
the last 12 months or 2) wheezing 
4 times or more during the last 12 
months or 3) physician diagnosis 
and wheezing in the last 12 
months or 4) current use of 
inhalation steroids 

    

de Luna, M. d. F. 
G. 2013 Jornal Brasileiro De 

Pneumologia  0 0 Wheeze in the last 12 months     

Jie, Y. 2013 Polish Journal Of Environmental 
Studies 0 0     Diagnosed with asthma by a 

physician in the last 12 months 

To, T. 2012 BMC Public Health 22 11     Ever diagnosed with asthma by a 
physician or health professional 

Sanchez-Lerma, 
B. 2012 

Journal Of Investigational 
Allergology And Clinical 
Immunology 

8 4 Wheeze in the last 12 months     

	
  





Additional File 5: Summary of studies with Current asthma definitions that used the International Study of Asthma and Allergies in Childhood 

(ISAAC) questionnaire (n=18). 

Paper Aim of the study Study Setting Methodology Definition of current asthma 

Alves GdC, 2012[1] To determine the association 
between community violence and 
asthma symptoms. 

Population-based sample of children 
Salvador-Baia, Brazil 

Brazilian version of ISAAC 
questionnaire 

Wheeze in the last 12 months and at least one 
of the following: any lifetime episode of 
asthma; wheezing during physical exercise; 
four or more episodes of wheezing in the 
previous year; or waking at night at least once 
a week due to wheezing in the previous year. 

Broms K, 2013[2] To make an in-depth analysis of the 
co-occurrence of possible asthma, 
allergic rhinitis, eczema, and food 
allergy. 

Pre-school based sample of children from 
Sweden. 

ISAAC questionnaire One of the following 1) Ever had asthma and 
wheezing in the last 12 months or 2) wheezing 
4 times or more during the last 12 months or 3) 
physician diagnosis and wheezing in the last 
12 months or 4) current use of inhalation 
steroids 

de Farias MRdC, 2010[3] To assess the prevalence of 
symptoms of asthma  

School-based sample of children and 
adolescents from Alta Floresta, Brazil. 

Brazilian version of ISAAC I 
questionnaire 

Wheeze in the last 12 months 

Dell SD, 2010[4] To assess the prevalence of asthma 
and allergic disease  

School-based sample of children from 
Toronto - Ontario, Canada 

ISAAC I protocol Ever had asthma and was this confirmed by a 
doctor and wheeze and/or medication(s) for 
asthma or wheezing in the past 12 months 

Delmas MC, 2012[5] To estimate the prevalence of 
asthma 

Data from 3 French national studies were 
analyzed: the Decennial Health Interview 
Survey conducted in 2003 among a 
representative sample of households and 
2 surveys conducted among 
representative samples of schoolchildren 
from 9th grade in 2003–2004 and 5th 
grade in 2004–2005. 

ISAAC questionnaire Current wheeze and 1) Ever had an asthma 
attack or 2) taking medication(s) for asthma or 
wheezing 

Duggan EM, 2012[6] To compare the prevalence of 
asthma, allergic rhinitis and eczema 
in two cross-sectional studies 
performed 5 yr apart (2002 and 
2007) 

School-based sample of children from 
Cork City, Ireland 

ISAAC questionnaire Wheeze in the last 12 months 

Fiori NS, 2012[7] To compare asthma prevalence in 
two cross-sectional studies with a 

Population-based sample of adults from Brazilian version of ISAAC 
questions (and also included 

Self-reported asthma in the last 12 months 



ten-year interval  Pelotas - Rio Grande do Sul, Brazil. questions from ECRHS II) 

Gomes de Luna MdF, 
2013[8] 

To describe the prevalences of 
asthma and rhinitis, comparing the 
results with those obtained in a 
prevalence survey conducted in 
2006-2007. 

School-based sample of adolescents from 
Fortaleza - Ceará, Brasil 

ISAAC I protocol Wheeze in the last 12 months 

Gomes de Luna MdF, 
2011[9] 

To assess the prevalence of asthma 
and rhinitis and the association 
between the two conditions. 

School-based sample of adolescents from 
Fortaleza - Ceará, Brasil 

ISAAC I protocol Wheeze in the last 12 months 

Gudelj I, 2012[10] To compare intraregional prevalence 
of asthma 

School base sample of adolescents from 
Split-Dalmatia County, Croatia 

ISAAC questions (and also 
included questions from 
ECRHS II) 

Wheeze in the last 12 months 

Hong S, 2012[11] To assess the prevalence of 
childhood atopic dermatitis, asthma, 
and allergic rhinitis 

School-based sample of children from 
Seoul, Korea 

ISAAC III questionnaire Wheeze in the last 12 months 

Jain A, 2010[12] To assesse the prevalence of 
bronchial asthma and its association 
with socio-demographic factors 

Community based sample study among 
children aged 6-15 yr in the rural field 
practice area of the department of 
Community Medicine at KMC, Manipal. 

Kannada version of ISAAC 
questionnaire 

Wheeze in the last 12 months 

Kwon J-W, 2011[13] To assess the prevalence of asthma 
and determine its risk factors 

School-base sample of children from 
Seoul, Japan 

Modified ISAAC 
questionnaire 

Diagnosed with asthma in their lifetime and 
experienced wheezing in the last 12 months 

Matos Povoas Juca SCB, 
2012[14] 

To estimate the prevalence of active 
asthma and identify associated risk 
factors. 

School-based sample of adolescents from 
Cuiaba - Mato Grosso, Brazil. 

ISAAC I protocol and 
modified brazilian version of 
ISAAC questionnaire (one 
question added) 

Wheeze in the last 12 months 

Robinson CL, 2012[15] To compare the prevalence and 
severity of asthma in a urban and 
rural communities 

Population-based sample of adolescents 
from Peru 

Spanish version of ISAAC 
questionnaire  

Wheeze and/or use of asthma medication in 
the last 12 months 

Rodriguez A, 2011[16] To explore the influence of 
urbanization in asthma prevalence 

Population-based sample of children and 
adolescents from Esmeraldas, Ecuador 

Questionnaire adapted from 
ISAAC II 

Wheeze in the last 12 months 

Sanchez-Lerma B, 
2012[17] 

To investigate the prevalence of 
bronchial asthma and allergic 
diseases 

School-based sample of children from 
Canary Islands 

ISAAC I protocol Wheeze in the last 12 months 

Toledo MF, 2011[18] To assess the prevalence of asthma 
and allergies 

School-based sample of adolescents from 
the city of Taubate, Sao Paulo, Brazil 

ISAAC I questionnaire Wheeze in the last 12 months 



References	
  
1. Alves GdC, Santos DN, Feitosa CA, Barreto ML: Community violence 

and childhood asthma prevalence in peripheral neighborhoods in 
Salvador, Bahia State, Brazil. Cad Saude Publica 2012, 28:86-94. 

2. Broms K, Norback D, Eriksson M, Sundelin C, Svardsudd K: 
Prevalence and co-occurrence of parentally reported possible 
asthma and allergic manifestations in pre-school children. Bmc 
Public Health 2013, 13. 

3. de Farias MRdC, Rosa AM, Hacon SdS, de Castro HA, Ignotti E: 
Prevalence of asthma in schoolchildren in Alta Floresta- a 
municipality in the southeast of the Brazilian Amazon. Rev Bras 
Epidemiol 2010, 13:49-57. 

4. Dell SD, Foty RG, Gilbert NL, Jerret M, To T, Walter SD, Stieb DM: 
Asthma and allergic disease prevalence in a diverse sample of 
Toronto school children: results from the Toronto Child Health 
Evaluation Questionnaire (T-CHEQ) Study. Can Respir J 2010, 
17:e1-6. 

5. Delmas MC, Guignon N, Leynaert B, Annesi-Maesano I, Com-Ruelle L, 
Gonzalez L, Fuhrman C: Prevalence and control of asthma in 
young children in France. Rev Mal Respir 2012, 29:688-696. 

6. Duggan EM, Sturley J, Fitzgerald AP, Perry IJ, Hourihane JOB: The 
2002-2007 trends of prevalence of asthma, allergic rhinitis and 
eczema in Irish schoolchildren. Pediatr Allergy Immunol 2012, 
23:464-471. 

7. Fiori NS, Goncalves H, Dumith SC, Dropa Chrestani Cesar MA, 
Menezes AMB, Cardozo Macedo SE: Ten-year trends in prevalence 
of asthma in adults in southern Brazil: comparison of two 
population-based studies. Cad Saude Publica 2012, 28:135-144. 

8. de Luna MdFG, Fischer GB, de Luna JRG, da Silva MGC, de Almeida 
PC, Chiesa D: Prevalences of asthma and rhinitis among 
adolescents in the city of Fortaleza, Brazil: temporal changes. J 
Bras Pneumol 2013, 39:128-137. 

9. Luna MdFGd, Almeida PCd, Silva MGCd: Asthma and rhinitis 
prevalence and co-morbidity in 13-14-year-old schoolchildren in 
the city of Fortaleza, Ceara State, Brazil. Cad Saude Publica 2011, 
27:103-112. 

10. Gudelj I, Mrkic Kobal I, Munivrana Skvorc H, Mise K, Vrbica Z, Plavec 
D, Tudoric N: Intraregional differences in asthma prevalence and 
risk factors for asthma among adolescents in Split-Dalmatia 
County, Croatia. Med Sci Monit 2012, 18:PH43-50. 

11. Hong S, Son DK, Lim WR, Kim SH, Kim H, Yum HY, Kwon H: The 
prevalence of atopic dermatitis, asthma, and allergic rhinitis and 
the comorbidity of allergic diseases in children. Environ Health 
Toxicol 2012, 27:e2012006-e2012006. 

12. Jain A, Bhat HV, Acharya D: Prevalence of Bronchial Asthma in 
Rural Indian Children: A Cross Sectional Study from South India. 
Indian J Pediatr 2010, 77:31-35. 

13. Kwon J-W, Kim B-J, Song Y, Seo J-H, Kim T-H, Yu J, Kim HB, Lee SY, 
Kim W-K, Kim K-W, et al: Changes in the Prevalence of Childhood 



Asthma in Seoul from 1995 to 2008 and Its Risk Factors. Allergy 
Asthma Immunol Res 2011, 3:27-33. 

14. Matos Povoas Juca SCB, Takano OA, Lacerda Moraes LS, Guimaraes 
LV: Asthma prevalence and risk factors in adolescents 13 to 14 
years of age in Cuiaba, Mato Grosso State, Brazil. Cad Saude 
Publica 2012, 28:689-697. 

15. Robinson CL, Baumann LM, Gilman RH, Romero K, Manuel Combe J, 
Cabrera L, Hansel NN, Barnes K, Gonzalvez G, Wise RA, et al: The 
Peru Urban versus Rural Asthma (PURA) Study: methods and 
baseline quality control data from a cross-sectional investigation 
into the prevalence, severity, genetics, immunology and 
environmental factors affecting asthma in adolescence in Peru. 
Bmj Open 2012, 2. 

16. Rodriguez A, Vaca M, Oviedo G, Erazo S, Chico ME, Teles C, Barreto 
ML, Rodrigues LC, Cooper PJ: Urbanisation is associated with 
prevalence of childhood asthma in diverse, small rural 
communities in Ecuador. Thorax 2011, 66:1043-1050. 

17. Sanchez-Lerma B: High Prevalence of Asthma and Allergic 
Diseases in Children Aged 6 and 7 Years From the Canary 
Islands: The International Study of Asthma and Allergies in 
Childhood (vol 19, pg 383, 2009). J Investig Allergol Clin Immunol 
2012, 22:79-79. 

18. Toledo MF, Rozov T, Leone C: Prevalence of asthma and allergies 
in 13-to 14-year-old adolescents and the frequency of risk factors 
in carriers of current asthma in Taubate, Sao Paulo, Brazil. Allergol 
Immunopathol (Madr) 2011, 39:284-290. 

 
 


	2014-4-24.pdf
	Abstract
	Objective
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Literature search strategy and inclusion criteria
	Data extraction from published studies

	Epidemiologic studies datasets
	Data analysis

	Results
	Discussion
	Conclusions
	Additional files
	Abbreviations
	Competing interests
	
	Acknowledgment
	Author details
	References

	2045-7022-4-24-s1.pdf
	2045-7022-4-24-s2.pdf
	2045-7022-4-24-s3.pdf
	2045-7022-4-24-s4.pdf
	2045-7022-4-24-s5.pdf
	Additional file 5.pdf
	Additional file 5.2


