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Introduction. International asthma management and prevention recommendations 
emphasize the importance of early and accurate diagnosis and adequate disease 
control. However, these aspects remain a serious concern, especially in children with low 
socioeconomic status.
Objective. To describe asthma prevalence, underdiagnosis, severity, and control among 
children with low socioeconomic status in Bogotá, Colombia.
Materials and methods. We conducted a cross-sectional study using the International 
Study of Asthma and Allergies Questionnaire in children aged 7-11 in two public schools. 
The children with affirmative answers in the questionnaire were evaluated clinically and 
functionally at the mobile health care unit. Asthma prevalence, underdiagnosis, control 
level, severity, and patients’ quality of life were assessed with validated instruments.
Results. We screened 920 schoolchildren with an age of 9.5 ± 1.1; 186 were evaluated 
clinically and functionally by spirometry, and 122 of them were diagnosed with asthma 
(17.2%). Underdiagnosis was 68%. Most patients had moderate and severe asthma, and 
90% were cases of not well or very poorly controlled asthma.
Conclusions. Screening children in school settings is a suitable strategy for detecting 
asthma and reducing underdiagnosis in communities with low socioeconomic status and 
limited access to health care services. The asthma underdiagnosis and poor disease 
control were high.
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Subdiagnóstico de asma en niños: tamizaje escolar en una población con 
condiciones socioeconómicas desfavorables

Introducción. Las recomendaciones internacionales de manejo y prevención del asma 
enfatizan la importancia de un diagnóstico temprano y preciso y de un adecuado control de 
la enfermedad. Sin embargo, estos aspectos son motivo de preocupación, especialmente, 
en niños que viven en condiciones socioeconómicas desfavorables.
Objetivo. Estimar la prevalencia, el subdiagnóstico, la gravedad y el control del asma, en 
una población de niños de un entorno de bajo nivel socioeconómico en Bogotá, Colombia.
Materiales y métodos. Se realizó un estudio transversal por medio del International Study 
of Asthma and Allergies Questionnaire en niños de 7 a 11 años de dos escuelas públicas. 
Aquellos con alguna respuesta positiva en el cuestionario, fueron evaluados clínica y 
funcionalmente en la unidad móvil de atención médica.
Resultados. Se evaluaron 920 niños en edad escolar con una edad de 9,5 ± 1,1 años; 186 
niños fueron evaluados clínica y funcionalmente por espirometría, y de ellos, 122 fueron 
diagnosticados con asma (17,2 %). El subdiagnóstico calculado fue del 68 %. El asma 
era moderada o grave en la mayoría de los casos y, en el 90 %, la enfermedad estaba 
parcialmente controlada o mal controlada.
Conclusiones. El tamizaje de niños en el entorno escolar es una estrategia adecuada 
para detectar el asma y reducir el subdiagnóstico en comunidades de bajo estrato 
socioeconómico y con acceso limitado a los servicios de atención en salud. Se obtuvieron 
porcentajes altos de subdiagnóstico y control deficiente del asma.

Palabras clave: asma; diagnóstico; niño; prevención de enfermedades; calidad de vida.

Asthma is a major focus in the political declaration of non-communicable 
diseases adopted by the United Nations General Assembly in 2018 (1). The 
international recommendations for asthma management and prevention 
emphasize the importance of early and accurate diagnosis and complete 
disease control, but these aspects remain a major concern, especially among 
children from low socioeconomic backgrounds (2,3).
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Some studies suggest that low socioeconomic status is associated with 
higher severity and poorer control of the disease. This aspect directly impacts 
mortality, risk of exacerbations, in-hospital management, and, consequently, 
higher school absenteeism and even cessation of school activities (4-6). 
Numerous studies center on disease prevalence (7,8), and underdiagnosis 
has received less attention (5). Depending on the demographic characteristics 
and the definition of asthma diagnosis, underdiagnosis varies from 60 to 80% 
(9,10). The current prevalence of asthma in Colombia is 12% (95% CI: 10.5-
13.7), and in 7- to 15-year-old children, it might be as high as 24%, with 43% 
of children (95% CI: 36.3-49.2) requiring emergency care or hospitalization in 
the past 12 months.

Among the approaches that might help to improve early asthma diagnosis, 
the case detection strategy identifies individuals with the disease who are 
symptomatic but undiagnosed. Most asthma-case detection strategies are 
implemented in schools with many advantages (11): the use of a single 
questionnaire will identify approximately one-quarter of the student body as 
possibly having asthma (12), and it is a unique opportunity to identify “high-
risk” inner-city children with asthma who have many barriers to accessing 
healthcare services. Many programs combine screening with mobile-clinic 
care and pediatric asthma specialists (13,14).

To our knowledge, few studies have examined asthma underdiagnosis 
evidence based on a case detection strategy in low socioeconomic status 
populations considering school settings. Here, we report asthma prevalence, 
underdiagnosis, severity, and control in a low socioeconomic status 
population in Bogotá, Colombia.

Materials and methods

We conducted a cross-sectional study for asthma screening in 7- to 
11-year-old children in two public schools in Bogotá with a low socioeconomic 
status population, as defined by the classification of the Departmento 
Administrativo Nacional de Estadística (DANE). The schools were selected 
for convenience and easy accessibility. 

Parents signed a consent form before answering the questionnaire and 
continuing with the clinical evaluation of their children, who also gave their 
written assent to participate in the study. The study was approved by the 
Ethics Committee at Fundación Neumológica Colombiana, regulated by the 
Instituto Nacional de Vigilancia de Medicamentos y Alimentos (Invima), the 
Colombian authority in charge of drugs and food surveillance and the national 
certification organ for ethics committees in Colombia.

Procedures

We used the International Study of Asthma and Allergies Questionnaire 
(ISAAC) –validated in Spanish (15)– for screening. We sent the questionnaire 
to be filled by parents at home, and a week later, they sent it back to 
the school. Then, the study group collected the forms and analyzed 
the information. The children with at least one affirmative answer in the 
questionnaire were candidates for a clinical evaluation.

The clinical evaluation and spirometry were performed on children at 
schools using a mobile healthcare unit specialized in respiratory diseases 
(called Asmamóvil). It included a small waiting area, a lung function testing 
area, and an examination room. Children were examined by an asthma 
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medical doctor (a primary care physician trained by a pulmonologist), a 
respiratory nurse, and a physiotherapist.

Asthma definitions

1.	 Self-reported lifetime asthma: affirmative answer to the question “Have 
your child ever had wheezing or whistling in the chest at any time in 
the past?”

2.	 Self-reported asthma in the last year: affirmative answer to the 
question “Have your child ever had wheezing or whistling in the chest 
in the past 12 months?” 

3.	 Self-reported physician-diagnosed asthma: affirmative answer to the 
question “Has your child ever had asthma?” 

4.	 Definitive asthma diagnosis: by the Asmamóvil physician based on 
clinical evaluation, symptoms, and spirometry, using the British Thorax 
Society Asthma Guidelines. 

5.	 Asthma underdiagnosis was considered when participants had a 
definitive asthma diagnosis by the Asmamóvil physician and no 
previous asthma self-reported, diagnosed by a physician.

We used the National Asthma Education and Prevention (NAEEP) 
guidelines to classify severity as intermittent, mild, moderate, or severe 
persistent asthma and establish asthma control as well, not well, and very 
poorly controlled. The children’s control classification was established 
once they started treatment, considering that most had not been previously 
diagnosed with asthma. Although they might have consulted for respiratory 
symptoms before, they had no treatment plan.

Pulmonary function was assessed by baseline and post-bronchodilator 
spirometry using an EasyOne™ spirometer and following the American 
Thoracic Society-European Respiratory Society (ATS/ERS) guidelines (16). 
The body mass index (BMI) was applied according to the World Health 
Organization guidelines using BMI-for-age (17). The socioeconomic status 
was registered according to parents’ information and classified according to 
the Departamento Administrativo Nacional de Estadística (DANE), where 
level 1 is the lowest and level 6 is the highest. We considered levels 1, 2, and 
3 as low socioeconomic status.

Quality of life was assessed using a validated Spanish version of the 
Pediatric Asthma Quality of Life Questionnaire (PAQLQ) (18). The three 
dimensions of the questionnaire –symptoms, activities, and emotions– were 
evaluated on a seven-point scale, with higher values indicating a better 
quality of life. Impairment categories are graded as follows: 1-3 = severe 
impairment, 4-6 = moderate impairment, and 7 = no impairment. Asthma 
severity and control, spirometry, and quality of life were outcomes assessed 
only in children with persistent asthma.

Statistical analysis

We used mean and standard deviation or median and percentiles for 
continuous variables and proportions for categorical variables. Asthma 
prevalence and underdiagnosis were expressed as percentages. To calculate 
asthma prevalence, we used the number of children diagnosed by the Asmamóvil 
doctors and the number of those who returned the ISAAC questionnaire. The 
data was analyzed using SPSS™ statistics software, version 12.
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Results

We screened 920 schoolchildren between 7 and 11 years of age using 
the ISAAC questionnaire; 709 questionnaires were returned with a response 
rate of 77%. Among the respondents, 243 (34%) had at least one affirmative 
answer to the ISAAC questionnaire. Out of the 243, 140 (57%) reported 
wheezing in the chest at some time in the past (lifetime asthma), 51 (20%) 
reported wheezing in the chest in the past year, and 39 (16%) self-reported 
asthma diagnosed by a physician. All these cases were confirmed by a 
physician in the clinical evaluation.

From the 243 children with at least one affirmative answer, 186 (77%) 
underwent clinical evaluation and spirometry. Among these children, 
122. were diagnosed with asthma by the Asmamóvil physician (17%). 
No differences in asthma prevalence were found between males and 
females. Eighty-three new asthma cases were diagnosed, showing a 68% 
underdiagnosis. Figure 1 describes the screening process throughout the final 
diagnosis.

Children with asthma had an age of 9.5 ± 1.1 years; most (80%) had low 
socioeconomic conditions, and (72%) a normal nutritional status. However, 
23% were overweight (table 1). As for disease severity, 44% of the cases had 
moderate to severe asthma, with 90% with not well or very poorly controlled 
asthma. Only 27% of the children had used medication for asthma during the 
past year, and none used medication regularly. The mean value of pulmonary 
function was normal at baseline and a bronchodilator response was present 
in 14% of the sample. Quality of life was assessed in 113 children with 
persistent asthma. The PAQLQ results showed moderate impairment (median 
score = 4.3; interquartile range [IQR] = 3.8-5.8). Children with moderate 
quality of life impairment were 66.8% (n = 73), and 34% (n = 37) had severe 
impairment (table 1).

Medical evaluation confirmed other diagnoses in 186 children, such as, 
rhinitis (62%), atopic eczema (10%), adenoid hypertrophy (9%), and tonsil 
hypertrophy (7%), while 12% of the children were healthy.

Figure 1. Study design flow chart from screening to final asthma diagnosis 
* ISAAC: International Study of Asthma and Allergies in Childhood

Two public schools screening
Total population: 920

ISAAC questionnaire return rate*: 709 (77%)

Questionnaires with at least one positive 
answer: 243 (34%)

Children with medical and lung function 
evaluation: 183 (76%)

Non-attendance to medical appointment: 57 (23%)

Other medical conditions healthy children
n = 64 (34%)

Children diagnosed with asthma 
N = 122 (17%)
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Discussion 

Our main findings using the case detection strategy in school settings 
were asthma high prevalence, underdiagnosis, and high rates of asthma very 
poorly controlled in schoolchildren between 7 and 11 years of age from a low 
socioeconomic status in Bogotá.

The prevalence of asthma symptoms has been studied around the 
world with different results depending on the population. Using the ISAAC 
questionnaire, the mean prevalence for ever-asthma in Latin America is 
13.4% in 6-7-year-old children and 12.6% in 13-14-year-old children (19). 
A study conducted in 6- to 18-year-old Peruvian students using a modified 
ISAAC questionnaire showed that 25.1% had been diagnosed with asthma 
by a health professional, and 16.7% reported wheezing in the past 12 months 
(20). In Colombia, Dennis et al. showed that 30.4% of 5- to 17-year-old 
children reported lifetime asthma, and 16.8% had asthma symptoms in the 
past year (7). We found that 57% reported wheezing in the chest at any time 
in life (lifetime asthma), and 20% reported wheezing in the chest during the 
past year (last year asthma), higher rates than in the above studies. Although 
we used the same questionnaire, we went further and performed a clinical 
and functional evaluation of these children. We found an asthma prevalence 
of 17.2%, similar to that reported in the literature.

Table 1. Demographic data and clinical characteristics of 
children with asthma (N = 122)

FEV1: forced expiratory volume in one second; FVC: forced vital 
capacity; PAQLQ: Pediatric Asthma Quality of Life Questionnaire

Characteristic Total
n (%)

Age (years)
Socioeconomic status

Low 
Very low 

Gender 
Male
Female

Body mass index for age
Underweight 
Normal
Overweight

Asthma severity
Intermittent
Mild persistent 
Moderate persistent
Severe persistent

Asthma control
Very poorly controlled
Not well controlled
Well controlled

Treatment for asthma in the past year 
Spirometry pre-bronchodilator Predicted

FEV1 (%) 
FVC (%)
FEV1/FVC (%) 

Spirometry post-bronchodilator Predicted
FEV1 (%) 
FVC (%) 
FEV1/FVC (%) 

PAQLQ
Moderate impairment
Severe impairment

    9.5 ± 1.1

  98 (80)
  24 (20)

  67 (55)
  55 (45)

    7 (5)
  88 (72)
  27 (23)

  25 (20)
  44 (36)
  48 (40)
    5 (4)

  50 (45)
  50 (45)
  13 (10)
  33 (27)

  95 ± 13
102 ± 14
  93 ± 6.7

  99 ± 15
103 ± 13
  95 ± 6.9
    4.3 (3.8-5.8)
  73  (66.8)
  38 (34.2)



282

Crispín-Cruz D, Casas-Herrera A, Rojas-Báez C, et al. Biomédica 2025;45:277-85

Few population-based studies have reported asthma underdiagnosis 
in children. In Nigeria, a study with 45 children reported that only 24% 
were correctly diagnosed with asthma; the others were diagnosed with 
other diseases such as allergies, bronchitis (wheezing), pneumonia (chest 
infection), and tuberculosis (21). 

In adult populations, the underdiagnosed rate in a study in The 
Netherlands was 66% (22), and in Colombia was 69.9%, which increased 
to 79% in 64-year-old or older subjects (23). In Jaipur, India, Gupta et al. 
suggested that asthma underdiagnosis and inadequate treatment resulted 
from patients’ treatment poor compliance and socioeconomic conditions, 
along with poor pediatricians’ knowledge, attitudes, and practices (24).

In our sample, children with asthma had normal spirometry values not 
related to symptom frequency or severity. This scenario was comparable to 
other studies in children with asthma whose pulmonary function parameters are 
frequently normal with or without positive bronchodilator change. In 630 children 
who completed spirometry, Murray et al. showed that the FEV1/FVC was less 
than 70% only in ten (2%), two of whom had current asthma diagnoses. The 
bronchodilator response was positive in 54 (9%) out of 624 children (25). 

As for asthma severity, we found that most of the participants have 
moderate or severe persistent asthma with extremely high rates of no control 
of the disease, meaning significant daily symptoms, risk of exacerbation, 
and poor disease-related quality of life, which is consistent with other studies 
(2). As expected, a high proportion of children had atopic dermatitis or 
allergic rhinitis. This information should be considered to establish adequate 
treatment for these conditions and improve asthma control (26). 

All patients experienced some degree of quality-of-life impairment, mostly 
moderate, as indicated by the PAQLQ scores. These results are similar to 
those of Dueñas et al., who evaluated baseline quality of life in children with 
asthma and reported a median score of 4.6 ± 1.3 in the PAQLQ (27). 

The limited healthcare services access, the inadequate understanding 
of international guidelines for asthma diagnosis by primary care physicians, 
or a combination of these factors might explain asthma underdiagnosis in 
our children (22). Understanding prevalence and underdiagnosed rates may 
help to develop a comprehensive program for chronic respiratory disease 
diagnosis, management, and follow-up in children. As for sustainability, 
school-based asthma screening is not cost-effective, and the approach 
should lean towards screening for previously diagnosed patients with poorly 
controlled asthma (28). However, more studies are needed to analyze the 
cost-benefit in our population.

We have the challenge to provide better training for healthcare 
professionals based on national and international asthma diagnosis and 
treatment guidelines. Whereas the school setting might be a good option for 
asthma-timely screening and diagnosis, families and the private and public 
health sectors’ cooperation and involvement are also crucial to guarantee 
health equity and proper follow-up of chronic diseases such as asthma.

A case-detection strategy with clinical confirmation to identify asthma 
prevalence and underdiagnosis in children belonging to low-income 
populations is the main strength of our study. We considered that the 
77% questionnaire response rate was comparable with the over 60% 
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response rates reported in the literature. These results reflect our effective 
communication with the school head, the staff, and the teachers involved in 
the study’s in-school activities. To correlate our findings with other studies, 
we used an international questionnaire and validated clinical management 
guidelines for asthma research. Finally, our results broaden the existing 
literature on asthma prevalence and underdiagnosis, given the scarce studies 
in Latin America specifically focused on children of low socioeconomic status.

As for study limitations, we should mention the risk of selection bias: the 
schools were chosen due to their convenient location and did not necessarily 
represent the general population. Also, survey information always faces the 
risk of bias since respondents may not know or recognize asthma-related 
symptoms. There was a high probability that in the group of non-respondents, 
the majority of the children were asymptomatic, and their parents were 
not motivated to respond to the questionnaire, which may have resulted in 
asthma prevalence overestimation in the study.

We applied a case-detection strategy in children of low socioeconomic 
status in Bogotá, and we identified a high prevalence of asthma and 
underdiagnosis with high rates of asthma poorly controlled. Screening 
children in school settings is a suitable strategy for detecting asthma and 
reducing underdiagnosis, inequity, and limited access to healthcare services 
in low-socioeconomic status communities.

Acknowledgments

We thank the parents, students, teachers, and principals of La Giralda 
and Jaime Garzón schools which are part of the Alianza Educativa non-profit 
initiative.

References

1.	 World Health Organization. Global action plan for the prevention and control of NCDs 2013-
2020. 2015. Accessed: December 21, 2018. Available from: https://www.who.int/nmh/events/
ncd_action_plan/en/

2.	 GINA Report 2018. Global Strategy for Asthma Management and Prevention. Global 
Initiative for Asthma – GINA. Accessed: March 10, 2018. Available from: http://ginasthma.
org/2018-gina-report-global-strategy-for-asthma-management-and-prevention/

3.	 Sinharoy A, Mitra S, Mondal P. Socioeconomic and environmental predictors of asthma-related 
mortality. J Environ Public Health. 2018;2018:1-7. https://doi.org/10.1155/2018/9389570

4.	 Bacon SL, Bouchard A, Loucks EB, Lavoie KL. Individual-level socioeconomic status is 
associated with worse asthma morbidity in patients with asthma. Respir Res. 2009;10:125. 
https://doi.org/10.1186/1465-9921-10-125

5.	 Perry TT, Vargas PA, McCracken A, Jones SM. Underdiagnosed and uncontrolled asthma: 
Findings in rural schoolchildren from the Delta region of Arkansas. Ann Allergy Asthma 
Immunol. 2008;101:375-81. https://doi.org/10.1016/s1081-1206(10)60313-4

6.	 Cohen RT, Celedón JC. Community violence and health disparities in asthma. J Pediatr. 
2016;173:13-5. https://doi.org/10.1016/j.jpeds.2016.03.043

7.	 Dennis RJ, Caraballo L, García E, Rojas MX, Rondón MA, Pérez A, et al. Prevalence of 
asthma and other allergic conditions in Colombia 2009-2010: A cross-sectional study. BMC 
Pulm Med. 2012;12:17. https://doi.org/10.1186/1471-2466-12-17

8.	 Uphoff EP, Bird PK, Antó JM, Basterrechea M, von Berg A, Bergström A, et al. Variations in 
the prevalence of childhood asthma and wheeze in MeDALL cohorts in Europe. ERJ Open 
Res. 2017;3:00150-2016. https://doi.org/10.1183/23120541.00150-2016

9.	 Pesek RD, Vargas PA, Halterman JS, Jones SM, McCracken A, Perry TT. A comparison of 
asthma prevalence and morbidity between rural and urban schoolchildren in Arkansas. Ann 
Allergy Asthma Immunol. 2010;104:125-31. https://doi.org/10.1016/j.anai.2009.11.038

https://www.who.int/nmh/events/ncd_action_plan/en/
https://www.who.int/nmh/events/ncd_action_plan/en/
http://ginasthma.org/2018-gina-report-global-strategy-for-asthma-management-and-prevention/
http://ginasthma.org/2018-gina-report-global-strategy-for-asthma-management-and-prevention/
https://doi.org/10.1155/2018/9389570
https://doi.org/10.1186/1465-9921-10-125
https://doi.org/10.1016/s1081-1206(10)60313-4
https://doi.org/10.1016/j.jpeds.2016.03.043
https://doi.org/10.1186/1471-2466-12-17
https://doi.org/10.1183/23120541.00150-2016
https://doi.org/10.1016/j.anai.2009.11.038


284

Crispín-Cruz D, Casas-Herrera A, Rojas-Báez C, et al. Biomédica 2025;45:277-85

10.	 Brozek GM, Farnik M, Lawson J, Zejda JE. Underdiagnosis of childhood asthma: A 
comparison of survey estimates to clinical evaluation. Int J Occup Med Environ Health. 
2014;26:900-9. https://doi.org/10.2478/s13382-013-0162-7

11.	 Amin P, Levin L, Smith A, Davis B, Nabors L, Bernstein JA. Asthma screening of inner city 
and urban elementary school-aged children. J Asthma. 2013;50:1049-55. 
https://doi.org/10.3109/02770903.2013.846370

12.	 Gerald LB, Redden D, Turner-Henson A, Feinstein R, Hemstreet MP, Hains C, et al. A multi-
stage asthma screening procedure for elementary school children. J Asthma. 2002;39:29-
36. https://doi.org/10.1081/jas-120000804

13.	 Jones CA, Clement LT, Hanley-Lopez J, Morphew T, Kwong KYC, Lifson F, et al. The 
Breathmobile Program: Structure, implementation, and evolution of a large-scale, urban, 
pediatric asthma disease management program. Dis Manag. 2005;8:205-22. 
https://doi.org/10.1089/dis.2005.8.205

14.	 Martin MA, Mosnaim GS, Olson D, Swider S, Karavolos K, Rothschild S. Results from a 
community-based trial testing a community health worker asthma intervention in Puerto 
Rican youth in Chicago. J Asthma. 2015;52:59-70. 
https://doi.org/10.3109/02770903.2014.950426

15.	 Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, et al. International Study 
of Asthma and Allergies in Childhood (ISAAC): Rationale and methods. Eur Respir J. 
1995;8:483-91. https://doi.org/10.1183/09031936.95.08030483

16.	 Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al. Standardisation 
of spirometry. Eur Respir J. 2005;26:319-38. https://doi.org/10.1016/S2352-4642(17)30008-1

17.	 Butte NF, Garza C, de Onis M. Evaluation of the feasibility of international growth standards 
for school-aged children and adolescents. J Nutr. 2007;137:153-7. 
https://doi.org/10.1093/jn/137.1.153

18.	 Tauler E, Vilagut G, Grau G, González A, Sánchez E, Figueras G, et al. The Spanish version 
of the Paediatric Asthma Quality of Life Questionnaire (PAQLQ): Metric characteristics and 
equivalence with the original version. Qual Life Res. 2001;10:81-91. 
https://doi.org/10.1023/a:1016622519987

19.	 Pearce N, Aït-Khaled N, Beasley R, Mallol J, Keil U, Mitchell E, et al. Worldwide trends in 
the prevalence of asthma symptoms: Phase III of the International Study of Asthma and 
Allergies in Childhood (ISAAC). Thorax. 2007;62:758-66. 
https://doi.org/10.1136/thx.2006.070169

20.	 Martin M, Sauer T, Alarcon JA, Vinoles J, Walter EC, Ton TG, et al. Prevalence and impact 
of asthma among school-aged students in Lima, Peru. Int J Tuberc Lung Dis. 2017;21:1201-
5. https://doi.org/10.5588/ijtld.17.0282

21.	 Okoromah CN, Oviawe O. Is childhood asthma underdiagnosed and undertreated? Niger 
Postgrad Med J. 2002;9:221-5. 

22.	 van Schayck CP, van Der Heijden FM, van Den Boom G, Tirimanna PR, van Herwaarden 
CL. Underdiagnosis of asthma: Is the doctor or the patient to blame? The DIMCA project. 
Thorax. 2000;55:562-5. https://doi.org/10.1136/thorax.55.7.562

23.	 González-García M, Caballero A, Jaramillo C, Maldonado D, Torres-Duque CA. Prevalence, 
risk factors, and underdiagnosis of asthma and wheezing in adults 40 years and older: A 
population-based study. J Asthma. 2015;52:823-30. 
https://doi.org/10.3109/02770903.2015.1010733

24.	 Gupta M, Patodia J, Chaudhary P, Kakkar M. The rising trend of asthma prevalence in urban 
school children of Jaipur: A questionnaire-based study. Indian J Allergy Asthma Immunol. 
2018;32:10. https://doi.org/10.4103/ijaai.ijaai_13_17

25.	 Murray C, Foden P, Lowe L, Durrington H, Custovic A, Simpson A. Diagnosis of asthma 
in symptomatic children based on measures of lung function: An analysis of data from a 
population-based birth cohort study. Lancet Child Adolesc Health. 2017;1:114-23. 
https://doi.org/10.1016/S2352-4642(17)30008-1

26.	 Foresi A, Leone C, Pelucchi A, Mastropasqua B, Chetta A, D’Ippolito R, et al. Eosinophils, 
mast cells, and basophils in induced sputum from patients with seasonal allergic rhinitis and 
perennial asthma: Relationship to methacholine responsiveness. J Allergy Clin Immunol. 
1997;100:58-64. https://doi.org/10.1016/s0091-6749(97)70195-7

https://doi.org/10.2478/s13382-013-0162-7
https://doi.org/10.3109/02770903.2013.846370
https://doi.org/10.1081/jas-120000804
https://doi.org/10.1089/dis.2005.8.205
https://doi.org/10.3109/02770903.2014.950426
https://doi.org/10.1183/09031936.95.08030483
https://doi.org/10.1016/S2352-4642(17)30008-1
https://doi.org/10.1093/jn/137.1.153
https://doi.org/10.1023/a:1016622519987
https://doi.org/10.1136/thx.2006.070169
https://doi.org/10.5588/ijtld.17.0282
https://doi.org/10.1136/thorax.55.7.562
https://doi.org/10.3109/02770903.2015.1010733
https://doi.org/10.4103/ijaai.ijaai_13_17
https://doi.org/10.1016/S2352-4642(17)30008-1
https://doi.org/10.1016/s0091-6749(97)70195-7


285

Schoolchildren asthma screeningBiomédica 2025;45:277-85

27.	 Meza ÉD, Uriel Ó, Puentes B, Del Pilar González Blanc J, García MG, Halley PD, et al. 
Evaluación del control del asma y la calidad de vida de los niños y sus padres o cuidadores 
en un programa de atención integral del asma (Programa Asmaire Infantil). Rev Med 
Sanitas. 2012;15:36-42.

28.	 Gerald JK, Grad R, Bailey WC, Gerald LB. Cost-effectiveness of school-based asthma 
screening in an urban setting. J Allergy Clin Immunol. 2010;125:643-50.e12. 
https://doi.org/10.1016/j.jaci.2009.12.984

https://doi.org/10.1016/j.jaci.2009.12.984

	_Hlk20471080

