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 ❚ ABSTRACT
Objective: To examine the impact of climate variability on the occurrence of exercise-induced 
bronchospasm in the rainy and dry seasons of a Brazilian semi-arid region. Methods: This 
sample comprised 82 adolescents aged 15 to 18 years, who were submitted to exercise-induced 
bronchospasm assessment on a treadmill and outdoors, during the rainy and the dry season. 
Anthropometric variables, sexual maturity and forced expiratory volume in the first second were 
analyzed. Air temperature and humidity, decline in forced expiratory volume in the first second 
(%) and frequency of bronchospasm were compared between seasons using the independent 
Student’s t test, the Wilcoxon and McNemar tests, respectively. The level of significance was 
set at p<0.05. Results: The mean age was 15.65±0.82 years. Air temperature, air humidity 
and decline in forced expiratory volume in the first second (%) differed between seasons, with 
higher air temperature and humidity in the rainy season (29.6ºC±0.1 and 70.8%±0.6 versus 
28.5ºC±0.2 and 48.5%±0.6; p<0.05). The decline in forced expiratory volume in the first 
second (%) was greater in the dry season (9.43%±9.97 versus 12.94%±15.65; p<0.05). The 
frequency of bronchospasm did not differ between seasons. Conclusion: The dry season had 
a negative impact on forced expiratory volume in the first second in adolescents, with greater 
decrease detected during this period. Findings of this study suggested bronchospasm tends to be 
more severe under low humidity conditions.
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 ❚ RESUMO
Objetivo: Verificar a influência das alterações climáticas sobre o broncoespasmo induzido por 
exercício, nos períodos chuvoso e seco de uma região do semiárido brasileiro. Métodos: Foram 
submetidos à avaliação do broncoespasmo em esteira ergométrica, em ambiente externo, 
nos períodos chuvoso e seco, 82 adolescentes, com idades de 15 a 18 anos. Foram avaliadas 
as variáveis antropométricas, a maturação sexual e o volume expiratório forçado no primeiro 
segundo. Para comparação da temperatura e umidade, queda do volume expiratório forçado 
no primeiro segundo (%) e frequência do broncoespasmo entre os períodos, foram utilizados o 
teste t de Student independente, o teste de Wilcoxon e o teste de McNemar, respectivamente. O 
nível de significância adotado foi p<0,05. Resultados: A média de idade foi 15,65±0,82 anos. 
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A temperatura, a umidade e a queda do volume expiratório forçado 
no primeiro segundo (%) diferiram entre os períodos, com valores de 
temperatura e umidade maiores no período chuvoso (29,6ºC±0,1 
e 70,8%±0,6 versus 28,5ºC±0,2 e 48,4%±0,6; p<0,05). A queda 
do volume expiratório forçado no primeiro segundo (%) foi maior no 
período seco (9,43%±9,97 versus 12,94%±15,65; p<0,05), e não 
foi encontrada diferença da frequência do broncoespasmo entre os 
períodos. Conclusão: O período seco influenciou negativamente no 
volume expiratório forçado no primeiro segundo de adolescentes, 
observando maior percentual de queda dessa variável nesse período. 
De acordo com os achados, propõe-se uma maior gravidade do 
broncoespasmo induzido por exercício em condições de baixa 
umidade.

Descritores: Asma induzida por exercício; Umidade; Clima; Exercício 
físico; Adolescente

 ❚ INTRODUCTION

Exercise-induced bronchospasm (EIB) is a transient 
bronchial constriction that happens after exercise, 
leading to a 10% or greater decrease in forced expiratory 
volume in the first second (VEF1) relative to baseline.(1) 
The triggering mechanism includes some factors, 
such as individual susceptibility,(2) exercise duration, 
and intensity and environment conditions, especially 
relative air humidity.(3)

The pathophysiology of EIB is directly related to 
exercise-induced hyperventilation and resultant low 
airway dehydration.(4) This process affects the osmotic 
gradient in the epithelium, and stimulates the release 
of mediators involved in bronchospasm by nerves, 
epithelial and inflammatory cells.(4)

Apart from this pathophysiological process, 
climates with low relative air humidity levels (<50%) 
are associated with higher rates of bronchospasm.(3) 
Hence, EIB tends to be more common in cold and 
dry (4,5) than in warm and humid climates.(3,4)

Most studies investigating EIB are conducted 
indoors (i.e., in controlled environments).(1-4) However, 
external environmental factors may affect to occurrence 
of EIB.(1-3) This study set out to elucidate the relation 
between climate variables (air temperature and relative 
humidity) and EIB, given the potential exposure of 
susceptible individuals to environmental conditions.(3,6) 

 ❚ OBJECTIVE

To examine the impact of climate variability (air 
temperature and relative humidity) on exercise-induced 
bronchospasm development in adolescents, in the dry 
and the wet season of a Brazilian semi-arid region.

 ❚METHODS

Participants 
This convenience sample comprised adolescents with 
no respiratory symptoms, aged 15 to 18 years,(7) and 
living in a semi-arid region of Brazil. Adolescents 
with a history of respiratory infections in the 4 weeks 
before testing were excluded. Other exclusion criteria 
were pregnancy and self-reported cardiovascular, 
musculoskeletal or metabolic disorders. This study 
was conducted from March to April, and from August 
to November 2018, in the city of Petrolina (PE). 
Petrolina is located in the Brazilian Northeast and has 
a semi-arid climate (BSwh classification), with high 
temperatures (>22oC) and low rainfall (<250mm) in 
winter.(8) The assent and informed consent forms were 
signed by adolescents or their guardians. This study 
was approved by the Research Ethics Committee of 
Universidade de Pernambuco (UPE), Brazil (CAAE: 
81537517.2.0000.5207, opinion no. 2.701.140).

Sample size calculation
Sample size was estimated by effect size calculation 
based on the primary endpoint and the percentage of 
EIB among adolescent students.(4) Post-hoc analysis was 
conducted as follows: effect size of 0.2, α error <0.05, and 
β error <0.95. The estimated sample size corresponded 
to 82 volunteers. Procedures were performed using 
WinPepi software, version 11.65 for Windows. Sample 
size was large enough to detect significant differences 
between experimental periods for the variables air 
temperature and relative humidity (effect size larger 
than r=0.50; large effect), and VEF1 decline (%) (effect 
size larger than r=0.10, small effect).

Study design
Volunteers were submitted first to self-assessment of 
sexual maturity,(9) then to anthropometric measurements, 
spirometry, and the EIB testing. Tests were carried out 
during the rainy (March and April) and dry (August 
to November) seasons of the year 2018. Seasons were 
defined according to climate data recorded at Bebedouro 
agrometeorological weather station and provided by 
Instituto Nacional de Meteorologia (INMET).(8,10) Air 
temperature and relative humidity were monitored 
during both experimental periods (Figure 1).
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that adolescents reached an intensity higher than 85% 
of HRmax in the third minute. This intensity was then 
maintained for six minutes. Maximum heart rate was 
determined using the following equation: 208 - (age x 
0.7).(16) Exercise intensity was determined according to 
heart rate (HR), which was monitored every 30 seconds 
using a heart rate monitor (V800, Polar, Brazil). 

After test completion, spirometry was repeated four 
times, and FEV1 measured at 5, 10, 15, and 20 minutes. 
The FEV1% relative to baseline (pre-test) was then 
calculated using the following equation: [(%FEV1 
= baseline FEV1 – post-test FEV1 x 100 / baseline 
FEV1)](1) to determine EIB positivity, defined as 
FEV1 decrease equal to or higher than 10% relative to 
baseline.(1,2) To detect the greater percentage of FEV1 
decline across selected time points, the maximum 
FEV1 decline (QMFEV1) was calculated using the 
equation [(%QMFEV1 = baseline FEV1 – lowest post-
test FEV1 X 100 / baseline FEV1)].(2) Exercise-induced 
bronchospasm was diagnosed whenever FEV1 declined 
by 10% or more after exercise, according to widely 
adopted guidelines.(1,2,17-19)

Environmental variables
Air temperature and relative humidity in the rainy and 
the dry season were recorded at the time of testing using 
a digital thermo-hygrometer (Incoterm, São Paulo, SP, 
Brazil). Air temperature and relative humidity data 
provided by INMET were also used.(10)

Data analysis
Data were processed and analyzed using software 
SPSS, version 22.0 for Windows. Data were entered 
using double typing and checked. Data normality 
was investigated using the Kolmogorov-Smirnov 
test followed by descriptive and inferential analysis. 
Height, temperature, baseline FVC, and baseline FEV1 
were normally distributed. Continuous variables were 
summarized as mean, standard deviation and 95% 
confidence interval.

Air temperature and relative humidity in the 
rainy and the dry season were compared using the 
independent Student’s t test. Forced expiratory volume 
in one second decline (%) and frequency of EIB were 
compared using the Wilcoxon and the McNemar tests, 
respectively. For normally distributed variables, Cohen 
d was used to estimate effect size, as follows: small 
effect (<0.20), moderate effect (0.20 to 0.50), large 
effect (0.50 to 1.0), and very large effect (>1.0).(20) 

* Pre-exercise spirometry; † Post-exercise spirometry. 
EIB: exercise-induced bronchospasm; HR: heart rate. 

Figure 1. Experimental design

Instruments and data collection
Sexual maturity 
The sexual maturity status of male and female 
adolescents in this sample was determined using the 
Tanner Pubertal Development Scale, in compliance 
with self-assessment guidelines.(9)

Anthropometric data
Anthropometric variables were measured by a single 
examiner, in compliance with the International Society 
for the Advancement of Kinanthropometry (ISAK) 
guidelines.(11) Total body mass and height were measured 
using a digital scale and stadiometer (W-200, Welmy, 
Brazil). Waist circumference was measured using a 
measuring tape (WCS, Mabbis, Brazil).(12,13) The body 
mass index (BMI) was determined using the Quetelet 
index equation: BMI = weight (kg) / (height (m))². 
This index was used for body fat categorization into 
percentiles (below the 5th percentile, underweight; 5th 
to 84th percentile, normal weight; 85th to 94th percentile, 
overweight; 95th percentile or over, obesity).(14)

Spirometry
Respiratory capacity was assessed using a portable 
spirometer (Sx 1000, KoKo, Longmont, CO, United 
States). A minimum of three spirometry maneuvers 
using a nose clip was performed. The highest forced 
vital capacity (FVC), FEV1, and Tiffeneau index values 
obtained were used in the analysis; reproducibility 
patterns were accounted for.(15) Volunteers were duly 
instructed about test day recommendations and test 
details, in compliance with American Thoracic Society 
(ATS) and Sociedade Brasileira de Pneumologia e 
Tisiologia (SBPT) guidelines.(16)

Exercise-induced bronchospasm testing 
Exercise-induced bronchospasm testing was carried 
out on a treadmill (Master Super ATL, Inbramed, 
Porto Alegre, RS, Brazil), according to official ATS 
standards.(1) Volunteers were first submitted to a warm-
up consisting of 1 minute of walking below 85% of 
maximum heart rate (HRmax). In the second minute, 
intensity was progressively increased in such a manner 
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For non-normally distributed variables, effect size 
was determined using Pearson’s r, as follows: small 
effect (r=0.10), medium effect (r=0.30) and large effect 
(r=0.50). The level of significance was set at 5% 
(p<0.05). 

 ❚ RESULTS
This sample comprised 82 adolescents, mean age of 
15.65±0.82 years, 43 (52.4%) males and 39 (47.6%) 
females. As to sexual maturity, boys (41.9%) and girls 
(41%) were at stage T4 (pubescent) of the Tanner scale. 
Adolescents were categorized as normal weight based 
on anthropometric measurements and BMI percentiles 
(45.75±31.30) (Table 1).

Baseline (pre-exercise) spirometry measurements 
(FVC, FVC% of predicted, FEV1 and FEV1% of 
predicted) did not differ between the rainy and the 
dry season (Table 2).

The mean HR during EIB testing in the rainy and  
the dry season was 172.69±3.29bpm and 177.90±5.09bpm 
(87% and 90% of HRmax), respectively. Therefore, 
the recommended test intensity was achieved in both 
seasons (Figure 2).

Air temperature and relative humidity recorded 
by INMET in selected months of the year ranged from 
25.4oC to 33.4oC and 62% to 87% rainy season and from 
23.8oC to 33.5oC and 37% to 72% dry season (Figure 
3A). Comparative analysis of air temperature and 
relative humidity between the rainy and the dry season 
revealed differences (Figures 3B and 3C). 

As to EIB, the lowest post-test FEV1% predicted 
was 92.04%±29.45 and 96.70%±37.13 (rainy and dry 
season, respectively). The greatest decline in post-test 
FEV1 (%) relative to baseline differed between seasons, 
with greater percent decrease in the dry season and a 
small effect size (r=0.13) (Figure 4).

HR: heart rate.

Figure 2. Exercise intensity variation during exercise-induced bronchospasm 
testing according to heart rate. The red dotted line represents the lower heart 
rate limit recommended for exercise intensities equivalent to 80% to 90% of 
maximum heart rate

Table 1. Anthropometric characteristics of adolescents 

Variables Mean±SD 95%CI

Weight, kg 59.57±10.61 57.24-61.90

Height, m 1.70±0.09 1.67-1.71

BMI, kg/m² 20.64±3.42 19.89-21.39

WC, cm 72.21±7.23 70.62-73.80
SD: standard deviation; 95%CI: 95% confidence interval; BMI: body mass index; WC: waist circumference.

Table 2. Baseline spirometry characteristics of male and female adolescents

Variables Rainy Dry Rainy versus 
dry

p 
value Cohen’s d

Baseline FVC, L 3.77±0.73 3.82±0.86 - 0.05 (-0.16-0.05) 0.299 0.06

FVC% predicted % 111.99±33.13 113.79±36.18 -1.80 (-5.05-1.45) 0.274 2.93

Baseline FEV1, L 3.42±0.68 3.43±0.78 - 0.01 (-0.12-0.09) 0.798 0.01

FEV1% predicted % 109.95±36.62 110.01±35.49 -0.06 (-3.91-3.79) 0.974 0.00
Results expressed as means±standard deviation and seasonal effects (difference between group means, adjusted for 
baseline values, with 95% confidence intervals).
p<0.05 – Dependent Student’s t test.
FVC: forced vital capacity; FEV1: forced expiratory volume in the first second; L: liters. 

Source: Brasil. Ministério da Agricultura, Pecuária e Abastecimento. Instituto Nacional de Meteorologia (INMET). Climatolo-
gia de meses e trimestres de maiores e menores temperaturas e pluviosidades médias no período de 1961-2009. Brasília 
(DF): INMET; 2020 [citado 2018 Nov 26]. Disponível em: http://www.inmet.gov.br/portal/index.php?r=clima/mesTempo(10)

* Difference between groups (rainy versus dry).
Independent Student´s t test. p value, p<0.05.

Figure 3. Intra-annual variability in air temperature and relative humidity in the 
year of 2017. A) Climate variability over the course of twelve months; B) Air 
temperature, comparisons between rainy and dry season; C) Relative humidity, 
comparisons between rainy and dry season

A

B C
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In EIB (primary outcome) assessed according to 
FEV1, this spirometry variable is even more commonly 
used,(6,22) and a percent decline in FEV1 ≥10% is 
thought to be sensitive enough for EIB assessment.(1,23) 
Sensitivity may be enhanced in exercise testing conducted 
under low air temperature and relative humidity 
conditions,(24) as in this study. 

In a study examining climate variability and EIB, 
Johansson et al.,(25) detected a similar percent decline 
in FEV1 in adolescents submitted to induction in dry 
air conditions (FEV1 decline, 18.7%±7.9). In a study by 
Park et al.,(26) FEV1 decline was explained by a significant 
relation between air temperature and relative humidity 
(temperature: 9.9oC±1.2 versus 16.4oC±1.8; relative 
air humidity: 44.9%±1.4 versus 52.1%±2.4) and EIB 
positivity (61.4% versus 18.9%; p<0.05). In that study, 
EIB was more frequent in the cold, dry season. 

Small temperature variation between experimental 
periods in this study may explain the smaller decline in 
FEV1. Although air temperature and relative humidity 
may impact EIB severity, this study revealed a greater 
decline in FEV1 in the dry season, when relative air 
humidity was lower, despite similar temperature ranges. 
High relative air humidity in the rainy season may 
also have prevented higher airway dehydration during 
exercise, since warm and humid environments are 
associated with lower risk of bronchial response.(4) 

Literature data suggest relative air humidity plays 
a more significant role in bronchial responsiveness 
than air temperature.(1-4) Dry climate is thought to 
induce more robust osmotic effects in response to more 
severe post-exercise airway dehydration in susceptible 
individuals.(1,2,4) Such climate conditions have also been 
associated with higher incidence of EIB in individuals 
with no respiratory symptoms,(1,2) given air conditioning 
(warming and humidification) capacity is lower during 
exercise due to enhanced ventilation.(3,4)

The impact of air temperature, and in particular of 
relative air humidity, on bronchial response is widely 
recognized. During high-intensity exercise, ventilation 
increases up to 30-fold relative to baseline, precluding 
appropriate conditioning of inhaled room air.(1,2) This 
study was conducted in a semi-arid region, with warm, 
dry climate. Although cold, dry air is thought to trigger 
EIB. Rundell et al.,(27) reported similar responses in 
room temperatures, and in cold, dry air conditions, 
suggesting inhaled air dryness is a more significant 
factor for EIB than air temperature.(1,2,28) Furthermore, 
warm, humid environments may reduce or even prevent 
EIB development.(29,30)

* Difference between groups (rainy versus dry).
Wilcoxon test. p value, p<0.05.
FEV1: forced expiratory volume in the first second.

Figure 4. Comparison of forced expiratory volume decrease in the first second 
between seasons

 ❚ DISCUSSION
This study examined the occurrence of EIB in 
adolescents living in a semi-arid region with a hot, 
dry climate, and low levels of relative air humidity 
throughout the year(8,10) a factor associated with 
higher risk of EIB.(3) The greater decline in FEV1 (%) 
occurred in the dry season, when air temperature and 
relative humidity were lower relative to the rainy season 
(in particular relative air humidity, with greater mean 
differences across seasons). According to current EIB 
assessment standards, the induction test in this study 
was effective, and climate variables (air temperature 
and relative humidity) were associated with FEV1 
decline in adolescents in this sample. Findings of this 
study suggest EIB tends to be more severe in low 
relative air humidity conditions.

Methods of EIB identification and assessment 
are vital for accurate diagnosis. However, consensus 
regarding the ideal scenario for EIB testing(6) and 
the gold standard for diagnosis in adolescents(21) are 
lacking. To date, the only recommendation is the use 
of standardized induction tests. In this study, exercise 
testing was selected since it is thought to be an effective 
method to assess EIB.(21)

Exercise intensity control is an important aspect of 
exercise test standardization.(1,3) In this study, the HR 
used to control test intensity reached the recommended 
zone of 80% to 90% of the predicted HRmax, or HR 
greater than 170bpm.(1) 
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According to ATS(1,2) recommendations, 
bronchoprovocation tests should be conducted in 
environments with air temperature between 20°C to 
25°C, and humidity below 50%. Important as these 
guidelines may be for test standardization purposes, 
they may preclude the assessment of individual 
or collective characteristics, which may be more 
appropriately investigated during activities undertaken 
in realistic environments. In this regard, this study 
makes significant contributions to outdoor assessment 
and simulates air temperature and humidity conditions 
experienced by adolescents in their routine activities. 
It also provides a seasonal assessment of post-exercise 
pulmonary function and explores typical air temperature 
and humidity conditions of the region. 

Comparison of temperature variation between 
experimental periods limits potential comparison of 
findings with regions with low temperatures, in the 
rainy season, and is a limitation of this study. Future 
studies including factors associated with air quality (air 
pollutants) are warranted, given these factors may also 
impact EIB development.(3)

 ❚ CONCLUSION

Air temperature and relative humidity conditions 
in the dry season had a negative impact on forced 
expiratory volume in the first second in adolescents. 
The percent decline in forced expiratory volume in the 
first second was greater after physical exercise in the dry 
season of the semi-arid climate. Outdoor assessment 
contributed to the understanding of exercise-induced 
bronchospasm characteristics under climate conditions 
which more faithfully reflect those faced during games 
and playful activities, following bronchoprovocation 
tests conducted in a region with semi-arid climate.

 ❚ ACKNOWLEDGEMNTS 

Introduction to Scientific Research grant from the 
Universidade de Pernambuco, Institutional Program of 
Introduction to Scientific Research Grant, of the Conselho 
Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq), number 123399/2018-1/800291/2018-2, given 
to the author Edinely Michely de Alencar Nelo. This 
study was partly financed by the Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior - Brazil 
(CAPES) - Finance Code 001.

 ❚ AUTHORS’ CONTRIBUTION 
Edinely Michely de Alencar Nelo: contributed to 
conception and planning of the project, critical review of 
intellectual content, data collection, and approval of the 
final version to be published. Jânio Luiz Correia Júnior: 
contributed to writing and preparation of the article, 
data collection, critical review of intellectual content, 
and approval of the final version to be published. 
Hamilton Felipe Andrade Santos: contributed to writing 
and preparation of the article, data collection, critical 
review of intellectual content, and approval of the final 
version to be published. José Pereira de Lima Júnior: 
contributed to writing and preparation of the article, 
data collection, critical review of intellectual content, 
and approval of the final version to be published. 
Jéssica Thayani Santos Brandão: contributed to writing 
and preparation of the article, data collection, critical 
review of intellectual content, and approval of the final 
version to be published. José Fernando Vila Nova de 
Moraes: contributed to writing and preparation of 
the article, critical review of intellectual content, and 
approval of the final version to be published. Marco 
Aurélio de Valois Correia Júnior: contributed to 
writing and preparation of the article, critical review of 
intellectual content, and approval of the final version 
to be published. Ricardo de Freitas-Dias: contributed 
to conception and planning of the project, writing and 
preparation of the article, critical review of intellectual 
content, data analysis and interpretation, and approval 
of the final version to be published, and is responsible 
for all aspects of the work, assuring accuracy and 
completeness of any part of the manuscript.

 ❚ AUTHORS’ INFORMATION 
Nelo EM: http://orcid.org/0000-0003-1314-7725
Correia Júnior JL: http://orcid.org/0000-0001-7122-4923
Santos HF: http://orcid.org/0000-0002-6235-3659
Lima Júnior JP: http://orcid.org/0000-0002-3426-1896
Brandão JT: http://orcid.org/0000-0002-6608-7554
Moraes JF: http://orcid.org/0000-0002-7394-7700
Correia Júnior MA: http://orcid.org/0000-0003-0386-5256
Freitas-Dias R: http://orcid.org/0000-0003-4846-9951

 ❚ REFERENCES
1.  Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, Irvin CG, et al. 

Guidelines for methacholine and exercise challenge testing-1999. This official 
statement of the American Thoracic Society was adopted by the ATS Board 
of Directors, July 1999. Am J Respir Crit Care Med. 2000;161(1):309-29. 

2.  Parsons JP, Hallstrand TS, Mastronarde JG, Kaminsky DA, Rundell KW, Hull 
JH, Storms WW, Weiler JM, Cheek FM, Wilson KC, Anderson SD; American 
Thoracic Society Subcommittee on Exercise-induced Bronchoconstriction. An 
official American Thoracic Society clinical practice guideline: exercise-induced 
bronchoconstriction. Am J Respir Crit Care Med. 2013;187(9):1016-27. 



Impact of climate variability on exercise-induced bronchospasm in adolescents 

7
einstein (São Paulo). 2021;19:1-7

3.  Rundell KW, Anderson SD, Sue-Chu M, Bougault V, Boulet LP. Air quality 
and temperature effects on exercise-induced bronchoconstriction. Compr 
Physiol. 2015;5(2):579-610. 

4.  Correia Junior MA, Costa EC, Sarinho SW, Rizzo JÂ, Sarinho ES. Exercise-
induced bronchospasm in a hot and dry region: study of asthmatic, rhinitistic 
and asymptomatic adolescents. Expert Rev Respir Med. 2017;11(12):1013-9. 

5.  Caillaud D, Horo K, Baiz N, Banerjee S, Charpin D, Lavaud F, et al. Exercise-
induced bronchospasm related to different phenotypes of rhinitis without 
asthma in primary schoolchildren: the French Six Cities Study. Clin Exp 
Allergy. 2014;44(6):858-66. 

6.  Caggiano S, Cutrera R, Di Marco A, Turchetta A. Exercise-induced bronchospasm 
and allergy. Front Pediatr. 2017;5:131. Review.

7.  Eisenstein E. Adolescência: definições, conceitos e critérios. Adolesc Saude. 
2005;2(2):6-7. 

8.  Peel MC, Finlayson BL, McMahon TA. Updated world map of the Koppen-
Geiger climate classification. Hydrol Earth Syst Sci. 2007;11:1633-44. 

9.  Tanner JM, Whitehouse RH. Clinical longitudinal standards for height, weight, 
height velocity, weight velocity, and stages of puberty. Arch Dis Child. 
1976;51(3):170-9. 

10.  Brasil. Ministério da Agricultura, Pecuária e Abastecimento. Instituto Nacional 
de Meteorologia (INMET). Climatologia de meses e trimestres de maiores 
e menores temperaturas e pluviosidades médias no período de 1961-2009. 
Brasília (DF): INMET; 2020 [citado 2018 Nov 26]. Disponível em: http://www.
inmet.gov.br/portal/index.php?r=clima/mesTempo

11.  Stewart A, Marfell-Jones M, Olds T, De Ridder HJ. International Standards for 
Anthropometric Assessment. Potchefstroom (ZA): ISAK; 2011. p.137. 

12.  World Health Organization (WHO). Physical status: the use and interpretation 
of antropometry: report of a WHO Expert Committee. Geneva: WHO; 1995. 
[Technical Report Series No. 854] [cited 2018 Nov 26]. Available from: 
https://apps.who.int/iris/handle/10665/37003

13.  Lean ME, Han TS, Deurenberg P. Predicting body composition by densitometry 
from simple anthropometric measurements. Am J Clin Nutr. 1996;63(1):4-14. 

14.  Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, Flegal KM, Guo SS, Wei R, 
et al. CDC growth charts: United States. Adv Data. 2000;314(4):1-28. 

15.  Pereira CA. Espirometria. J Bras Pneumol. 2002;28(3):1-82. 
16.  Tanaka K, Boddy MN, Chen XB, McGowan CH, Russell P. Threonine-11, 

phosphorylated by Rad3 and atm in vitro, is required for activation of fission 
yeast checkpoint kinase Cds1. Mol Cell Biol. 2001;21(10):3398-404. 

17.  Burman J, Elenius V, Lukkarinen H, Kuusela T, Mäkelä MJ, Kesti O, 
et al. Cut-off values to evaluate exercise-induced asthma in eucapnic 
voluntaryhyperventilation test for children. Clin Physiol Funct Imaging. 2020; 
40(5):343-50. 

18.  Iftikhar IH, Greer M, Jaiteh A. A meta-analysis of diagnostic test agreement 
between eucapnic voluntary hyperventilation and cardiopulmonary exercise 
tests for exercise-induced bronchoconstriction. Lung. 2019;197(4):483-92. 

19.  de Aguiar KB, Anzolin M, Zhang L. Global prevalence of exercise-induced 
bronchoconstriction in childhood: a meta-analysis. Pediatr Pulmonol. 2018; 
53(4):412-25. 

20.  Cohen J. Statistical power analysis for the behavioral sciences. United States: 
Lawrence Erlbaum Assoc. 1988. p. 579. 

21.  Weiler JM, Brannan JD, Randolph CC, Hallstrand TS, Parsons J, Silvers W, 
et al. Exercise-induced bronchoconstriction update-2016. J Allergy Clin 
Immunol. 2016;138(5):1292-5.e36.

22.  Akar HH, Tahan F, Gungor HE. The association of forced expiratory volume in one 
second and forced expiratory flow at 50% of the vital capacity, peak expiratory 
flow parameters, and blood eosinophil counts in exercise-induced bronchospasm 
in children with mild asthma. Asia Pac Allergy. 2015;5(2):98-102. 

23.  Zavorsky GS, Zimmerman RD, Shendell DG, Goodfellow LT. Acute reduction 
in spirometry values after prolonged exercise among recreational runners. 
Respir Care. 2019;64(1):26-33. 

24.  Eggleston PA, Rosenthal RR, Anderson SA, Anderton R, Bierman CW, 
Bleecker ER, et al. Guidelines for the methodology of exercise challenge 
testing of asthmatics. J Allergy Clin Immunol. 1979;64(6 pt 2):642-5. 

25.  Johansson H, Norlander K, Alving K, Hedenström H, Janson C, Malinovschi 
A, et al. Exercise test using dry air in random adolescents: temporal profile 
and predictors of bronchoconstriction. Respirology. 2016;21(2):289-96. 

26.  Park HK, Jung JW, Cho SH, Min KU, Kang HR. What makes a difference in 
exercise-induced bronchoconstriction: an 8 year retrospective analysis. PLoS 
One. 2014;9(1):e87155. 

27.  Rundell KW, Wilber RL, Szmedra L, Jenkinson DM, Mayers LB, Im J. Exercise-
induced asthma screening of elite athletes: field versus laboratory exercise 
challenge. Med Sci Sports Exerc. 2000;32(2):309-16. 

28.  Evans TM, Rundell KW, Beck KC, Levine AM, Baumann JM. Cold air inhalation 
does not affect the severity of EIB after exercise or eucapnic voluntary 
hyperventilation. Med Sci Sports Exerc. 2005;37(4):544-9. 

29.  Stensrud T, Berntsen S, Carlsen KH. Humidity influences exercise capacity 
in subjects with exercise-induced bronchoconstriction (EIB). Respir Med. 
2006;100(9):1633-41. 

30.  Bolger C, Tufvesson E, Anderson SD, Devereux G, Ayres JG, Bjermer L, et al. 
Effect of inspired air conditions on exercise-induced bronchoconstriction and 
urinary CC16 levels in athletes. J Appl Physiol (1985). 2011;111(4):1059-65.

https://apps.who.int/iris/handle/10665/37003

