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Abstract

Background The 2021 updated guidelines revised the bronchodilator responsiveness (BDR) positivity criteria to an
increase in FEV; or FVC of > 10% of the predicted value. This new standard aims to reduce the impact of baseline lung
function variability in determining BDR. However, it should be noted that supporting evidence for children and young
adults is limited and thus cannot provide fully substantiated recommendations. The study systematically compare the
test results of the BDR diagnostic criteria in the 2005 and 2021 versions of the ERS/ATS guidelines in a clinical setting
in children of different age groups with asthma and to explore the reasons for the differences.

Methods This was a single-center, retrospective, cross-sectional study. The applications of the 2005 and 2021
versions of BDR standards in different age groups(4-5 years, 6-11 years, 12-18 years) with asthma was compared, the
lung-function characteristics of children with inconsistent results were analyzed, and the trend of the proportion of
BDR+changing with the degree of airflow obstruction was analyzed.

Results A total of 1,525 children with asthma were included in this study. There is a significant difference in the
number of inconsistent group between the two methods (P<0.01). In each age group, the number of people

in the 2005 +2021- group was higher than that in the 2005-2021+group. The kappa consistency test revealed

the kappa values of all age groups to be >0.80 (P<0.01) and consistent. The inconsistent group had lower lung-
function values than the consistent group. The 2005BDR-2021BDR+group of lung-function values were higher than
2005BDR+2021BDR- group. The analysis revealed that only Z-FEV1 (OR=0.773, 95% Cl: 0.650 to 0.919, p=0.004)
was an independent factor of Inconsistent results.The trends of 2005BDR +and 2021BDR + were consistent with the
degree of airflow obstruction, indicating a weak positive correlation.

Conclusions The kappa test showed that the results of 2005BDR and 2021BDR were consistent, but there were
differences between the inconsistent groups. Z-FEV1 is an independent factor affecting the inconsistent results, so
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baseline data is the main reason for the inconsistent results of the two methods. The 2021BDR standard may reduce
the influence of baseline lung function when determining the results. The positive rate obtained based on the two
evaluation criteria maintained the same trend with the degree of airflow obstruction. All showed a weak positive

correlation.
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Introduction

The bronchodilator responsiveness (BDR) test is an
important method to diagnose asthma; however, the cri-
teria for determining BDR remain controversial. In 2005,
the European Respiratory Society (ERS)/American Tho-
racic Society (ATS) pulmonary function test interpreta-
tion strategy recommended that an increase in forced
expiratory volume in 1 s (FEV;) and/or forced vital capac-
ity (FVC) of>200 mL and >12% of the baseline value to
be used as the criteria for positive BDR [1]. The criteria
are limited to absolute and relative changes in FEV; and
FVC, which are inversely proportional to baseline lung
function and related to height, age, and sex, all of which
affect the accuracy of identifying the BDR [2]. The 2021
ERS/ATS updated pulmonary function test interpreta-
tion strategy recommends defining a positive BDR as an
increase in FEV; or FVC>10% of the predicted (pred)
value [3]. This standard avoids misjudgment caused by
different baseline lung function levels and minimizes
the impact of height and gender [2]. While ensuring data
availability, the recommendation also considers consis-
tency across age groups. However, the recommendation
also emphasizes that data for children and young adults
on which this recommendation is based are limited and
cannot provide a basis for the recommendation. Further
evidence is therefore needed to verify its applicability in
children [3]. To date, only a few studies have compared
the two versions of the criteria [4—8]; however, most
studies focus on adult asthma and chronic obstructive
pulmonary disease, with very few studies evaluating chil-
dren with asthma. This retrospective, cross-sectional
study compared the differences between the 2005 and
2021 BDR standards in children of different age groups
having asthma and analyzed the lung-function charac-
teristics of children with inconsistent results, aiming to
provide a basis for evaluating the applicability of the 2021
standard in the pediatric population.

Patients and methods

Subjects

This single-center, retrospective study used the database
resources of the Department of Pulmonary Function,
Children's Hospital of Chongqing Medical University to
retrieve and collect all BDR test reports from January
2023 to April 2024. Patients were screened by review-
ing their electronic medical records. The clinical diag-
nosis of patients with asthma was based on the Global

Initiative for Asthma (GINA) 2024 guidelines. Only the
initial report was selected for patients who underwent
multiple BDR tests. Inclusion criteria: (1) patients aged
418 years; (2) patients diagnosed with bronchial asthma;
and (3) BDR test quality control meeting the standards.
Exclusion criteria: (1) children with other lung diseases
including bronchopulmonary dysplasia, obliterative
bronchiolitis, and interstitial lung disease; (2) patients
with an unclear diagnosis; (3) patients who had under-
gone lung or chest surgery; and (4) patients with incom-
plete general information or missing parameters. This
study was approved by the Medical Ethics Committee of
the Children’s Hospital of Chongqing Medical University
[(2025) Ethics Review (Clinical Research) Approval No.
(68)]. Informed consent from patients/their legal guard-
ians was not required owing to the retrospective nature
of this study.

Methods

Pulmonary function test methods

The German Jaeger pulmonary function instrument
(MasterScreen Pedia, German) was used and the guide-
lines set by the ERS/ATS and the Chinese Medical Asso-
ciation Pediatrics Branch Respiratory Group Pulmonary
Function Collaboration Group were strictly adhered to.
Pulmonary ventilation function testing was performed
by trained professional technicians. Before the broncho-
dilator test, clinicians instructed patients to discontinue
bronchodilators. The duration of discontinuation was
determined based on the duration of the drug's bron-
chodilator effect: 6 h for SABAs (such as albuterol), 12 h
for SAMAs (such as ipratropium bromide), and 24 h for
LABAs (such as formoterol or salmeterol). All nebulized
medications used the short-acting (2-agonist albuterol
(5 mg:2.5 mL). Children under 6 years of age received
1.25 mL, children 6-12 years of age received 1.875 mlL,
and children over 12 years of age received 2.5 mL. The
solution was diluted to 3 mL with 9 g/L normal saline
and inhaled using a nebulizer (PARITurboBOY N, Ger-
man). Waiting for 15 min, pulmonary ventilation func-
tion testing was performed again.

Pulmonary function indices and variable definitions

Lung function parameters were expressed as percent
predicted and z-scores using the Global Lung Func-
tion Initiative (GLI) 2012 reference equations (South
east Asia).Values of pulmonary ventilation function
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indicators, including FVC, Z-FVC, FEV,, Z-FEV,, FEV,/
FVC, Z- FEV,/FVC, forced expiratory flow at 75% vital
capacity(FEF75), Z-FEF75 and forced expiratory flow
from 25-75% (FEF25-75), Z-FEF25-75, were recorded
before and after bronchodilator use. Data before bron-
chodilator use were defined as baseline pulmonary func-
tion data. The difference between the best baseline FEV,
value and the best value after the use of bronchodilators
was designated as AFEV;; the ratio of AFEV, to baseline
FEV, was called AFEV % initial (init); the ratio of AFEV,
to FEV,pred was called AFEV,%pred. To simplify expres-
sion, BDR results defined by the 2005 and 2021 ERS/ATS
standards were named 2005BDR and 2021BDR, respec-
tively; positive and negative BDRs were designated as
BDR +and BDR—, respectively. Parameters with the same
results in 2005BDR and 2021BDR formed a consistent
group and those with different results formed an incon-
sistent group.

Interpretation and quality control of results

Senior pulmonary function specialists reviewed the
report quality and selected the best test values; respira-
tory specialists reviewed and determined the rationality
of the diagnosis; two independent researchers interpreted
the results of 2005BDR and 2021BDR, respectively, and
calculated the BDR + rate; statisticians divided all enrolled
children by age subgroups based on the age-stratification
criteria for asthma diagnosis and treatment in the GINA
guidelines, and the age groups were accurately calculated
based on the date of birth; statisticians analyzed the data.

The 2005 BDR+standard is  defined as
AFEV,%init>12% [9],(Refer to the formula recom-
mended by GINA, and the following formula applies
to all ages) and the 2021 BDR +standard is defined as
AFEV,%pred >10% [3].

Obstructive ventilatory dysfunction is determined by
Z-FEV,/FVC<-1.64 [10]. The severity of obstruction is
assessed by Z-FEV,, with three critical values of-1.64,
-2.50, and -4.0: -1.64~-2.50 for mild obstruction,
-2.51~-4.0 for moderate obstruction, and<-4.1 for
severe obstruction [11].

Statistical analysis

SPSS 25.0 statistical software was used for data analysis.
Normally distributed quantitative data are described as
mean * standard deviation. Independent samples t-test
was used to compare the means between the two groups.
One-way analysis of variance was used to compare
means of multiple groups. The Benjamini—Hochberg
procedure to correct for multiple testing was applied.
Count data are described by frequency and percentage,
and the McNemar's test was used for the comparison of
rates. Analyzing the relationship between ordered cate-
gorical variables using trend tests. Multivariate logistic
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regression was used to analyze the relationship between
variables and outcomes. The kappa () value was used
to test the consistency between the two. The value of
the k coefficient ranged from -1 to 1. If k was<0, the
two observations were inconsistent; a k value of —1 indi-
cated that there was no consistency. If the k value was 0,
the consistency rate of the observations was completely
caused by random factors, and if the k value was> 0, the
two observations were more likely to be consistent and
the possibility of being caused by random factors was
small; the larger the k value, the more consistent were the
two results. When the «k value was > 0.75, the consistency
of the results was good. A « value of<0.4 indicated that
there was no consistency [12]. P<0.05 was considered to
indicate significant difference.

Results

Screening process

Using the database resources of the Pulmonary Func-
tion Laboratory of the Children’s Hospital of Chongqing
Medical University, all BDR test reports from January
2023 to April 2024 were retrieved and collected, with a
total of 6,659 BDR reports. A total of 5,134 cases were
excluded based on age, diagnosis, and other reasons, and
1,525 cases were finally included. The flowchart is pre-
sented in Fig. 1.

Comparison of positive rates between the 2005BDR and
2021BDR criteria across age groups

A total of 1,525 children were included in this study,
including 368 children in the <5-year-old group, 1,004
children in the 6-11-year-old group, and 153 children in
the 12—18-year-old group.

The McNemar Test was used to compare the two
methods. The results showed that the 2005BDR-
2021BDR +(1.4%) of the 4-18 year old population was
significantly lower than the 2005BDR +2021BDR-(6.0%),
and the difference was scientifically significant (p <0.001).
The odds ratio (OR) calculated based on discordant pairs
was 0.239 (95% CI [0.156, 0.339]), indicating that the
possibility of detecting additional positives by 2021BDR
was 0.239 times the possibility of missing a diagnosis
by 2005BDR. The kappa values were all>0.8 (p<0.001)
after consistency testing. The results were also consis-
tent across age groups.Comparison of the number of
2005BDR/2021BDR-positive and -negative groups in dif-
ferent age groups is shown in Table 1.

Comparison of lung-function values between the

BDR +and BDR- groups among different age groups
(2005BDR/2021BDR)

The differences in baseline and lung function indicators
between 2005BDR+and 2021BDR+, and 2005BDR-
and 2021BDR- in different age groups (<5 vyears,



Zhao et al. Italian Journal of Pediatrics (2025) 51:299 Page 4 of 12
Bronchodilator test reports
(n=6659)
exclude of reports (n=5134)
1. Reported in children <4 and >18 years of age
(n=2084)
2. Non-bronchial asthma diagnostic report and
diagnostic uncertainty (n=2678)
3. Those with other lung diseases such as
bronchopulmonary dysplasia, occlusive
bronchiectasis, interstitial lung disease, etc. (n=205)
4. Those with incomplete general or parametric
information (n=89)
5. Poor quality control (n=78)
Inclusion of reports
(n=1525)
Y Y Y
<5-year-old group 6-11-year-old group 12-18-year-old group
(n=368) (n=1004) (n=153)
Fig. 1 Data inclusion and exclusion flow chart
Table 1 Comparison of the number of 2005BDR/2021BDR positive and negative groups in different age groups
4-18years (n=1525) 2021BDR+ 2021BDR- total P-value OR(95%Cl)
2005BDR + 558(36.6%) 92(6.0%) 650(42.6%) <0.001 02391[0.156,0.339)]
2005BDR- 22(1.4%) 853(55.9%) 858(57.4%)
Total 580(38.0%) 945(62.0%) 1525(100%)
Kappa=0.845, 95%C| [0.818,0.872], p < 0.001
<5years (n=368)
2005BDR + 139 (37.8%) 17 (4.6%) 156 (42.4%) <0.017 0294 [0.103, 0.560]
2005BDR- 5 (1.4%) 207 (56.3%) 212 (57.6%)
total 144 (39.1%) 224 (56.3%) 368(100%)
Kappa=0.876, 95%Cl [0.825,0.927), p < 0.001
6-11 years (n=1004)
2005BDR+ 368 (36.7%) 65 (6.5%) 433(43.1%) <0.001 02311[0.135,0352]
2005BDR- 15 (1.5%) 556 (55.4%) 571(56.9%)
total 383(38.1%) 621(61.9%) 1004(100%)
Kappa=0.835, 95%Cl [0.817,0.852], p < 0.001
12-18 years (n=153)
2005BDR+ 51 (33.3%) 10 (6.5%) 61(39.9%) 0.039 0200 [0.025, 0.556)
2005BDR- 2(1.3%) 90 (59.5%) 92(60.1%)
total 53(34.6%) 100(65.4%) 153(100%)

Kappa=0.833, 95%Cl [0.743,0.923], p < 0.001
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6-11 years, and 12-18 years) were compared using
independent sample t-test. The results showed that
in the population<5 years old, the AFEV1%init of
2021BDR- (5.16+4.95L) was significantly higher than
that of 2005BDR- (4.32+2.88 L), and the difference
was statistically significant (p<0.028). In the 6-11 year
old population, Z-FEV1 and /\FEV1%pred in the
2021BDR +group were significantly higher than those
in the 2005BDR +group (p<0.05), and the number of
cases with Z-FEV1<LLN in the 2021BDR + group (159)
was significantly lower than that in the 2005BDR + group
(217) (p=0.014). In the 2021BDR- group, FEV1, Z-FEV1,
FEV1/FVC, FEF75, and FEF25-75 were significantly
lower than those in the 2005BDR- group (p<0.05). In
the 2021BDR- group, Z-FEV1<LLN, AFEV1%init, and
AFEV1%pred were significantly higher than those in the
2005BDR- group (p<0.05). There were no significant dif-
ferences between the two groups in the 12—18 age group.
The comparison of lung function values between the
2005BDR and 2021BDR-positive and -negative groups in
different age groups is shown in Table 2.

Lung function comparison:

2005BDR +/2021BDR + consistent vs inconsistent groups

by age stratification

The inconsistency rates between 2005BDR+and
2021BDR +in the<5-year-old group, 6-11-year-old
group, and 12-18-year-old group were 5.98%, 7.97%,
and 0.65%, respectively. However, the inconsistency was
unevenly distributed across populations with differ-
ent characteristics (as shown in Appendix Table 3). The
analysis showed that there were significant differences
in gender in the 6-11-year-old group, and 12-18-year-
old group (all p<0.05). In both the<5-year-old and
6-—11-year-old groups, the incidence of Z-FEV1<LLN
was significantly higher in the discordant group than in
the concordant group (all p<0.05). In the 6-11-year-
old group, Z-FEV1 was significantly lower in the dis-
cordant group (-1.90+1.93) than in the concordant
group (-1.20+£1.70) (p=0.001). Across all populations,
the discordant group had significantly lower AFEVI,
AFEV1%init, and AFEV1%pred values than the concor-
dant group (p<0.01).

Pulmonary function profiles of the

2005BDR +/2021BDR +inconsistent group

As shown in Table 4, Analysis of variance revealed sig-
nificant differences in FVC, FEV1, Z-FEV1, FEV1/
FVC, FEF75, FEF25-75, and Z-FEF25-75 among the
2005 +2021+, 2005-2021+, and 2005+2021- groups.
After Beniamini-Hochberg correction for multiple group
differences (Table 5), the differences in FVC, FEVI,
Z-FEV1, FEV1/FVC, FEF75, and FEF25-75 remained
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significant. The baseline value data shown 2005-2021 +
>2005 +2021 + >2005 +2021-.

Multivariate analysis between discordant groups

As shown in Table 6. To investigate independent factors
influencing discordant positive results, a multivariate
logistic regression analysis was performed. We first tested
the interaction between age and obstruction severity, but
this was not statistically significant (p = 0.242). Therefore,
the final model included only the main effects. The analy-
sis revealed that only Z-FEV1 (OR=0.773, 95% CI: 0.650
to 0.919, p=0.004) was an independent protective factor
against discordance. Specifically, each unit increase in
Z-FEV1 was associated with an increased likelihood of
concordant BDR results (more precisely, a decreased risk
of discordance).

Age-stratified correlation of BDR +rates with severity in
airflow limitation

As shown in Table 7, a trend test was used to analyze the
relationship between age group and obstruction sever-
ity. The results showed a significant trend (x*=10.101,
p=0.01) (Gamma=0.125, p=0.001) between the two
groups in the 2005BDR + group, indicating a weak posi-
tive correlation. The trend in the 2021BDR + group was
consistent with that in the 2005BDR + group. As shown
in Table 8, a chi-square test for trend was used to ana-
lyze the relationship between age group and the discor-
dant group. The results showed a significant linear trend
(x*=8.657, p<0.003; OR=-0.142, p=-0.114, p<0.003),
indicating a weak negative correlation.

Discussion

Our study found that the 2021BDR positive rate was
significantly lower compared with the 2005BDR posi-
tive rate. This trend was noted in all three age groups,
which was consistent with the results of Lazar et al. [7,
13]. However, some studies reached an opposite conclu-
sion, such as the study by Li, Beydon et al. [8, 14], which
reported that the 2021BDR +rate was higher than the
2005BDR +rate. This may be attributed to the slightly
different calculation formula of 2005BDR +. The differ-
ence in research results may also be attributed to the
heterogeneity of subjects, including their age, under-
lying diseases, race, and sample size. This study used
the 2005BDR +standard in this article is based on the
pediatric guidelines and is defined as AFEV,/init>12%
with reference to the GINA guidelines [15]. The unique
physiological and anatomical characteristics of children,
such as their short exhalation time and low vital capac-
ity, make it difficult to mandate the absolute value of the
increase of>200 mL when evaluating bronchodilator
responsiveness while requiring the change rate of AFVC
or AFEV1 (especially in younger children). Leading to a
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Table 4 Comparison between BDR + consistent group and
inconsistent group

Indicators Groups Mean +SD F P

FVC 200542021+ 147+0.73 7.317 0.001
2005-2021+ 1.89+0.64
2005 +2021- 1.27+0610

Z-FVC 200542021+ 0.04+1.62 0.854 0426
2005-2021 + 027+1.78
2005+2021- 025+1.49

FEV1 2005+2021 + 1.08+0.50 16.926 <0.001
2005-2021 + 1.59+048
2005+ 2021- 0.92+040

Z-FEV1 2005 +2021 + 127167 74511 <0.001
2005-2021+ 154+094
2005+ 2021- —2.76+£0.96

FEV1/FVC 2005 +2021 + 75.66+10.95 9413 <0.001
2005-2021+ 85.34+6.22
2005 +2021- 745141025

Z-FEV1/FVC 2005 +2021 + -1.32+1.38 2447 0.087
2005-2021+ -0.71+1.05
2005 +2021- -1.16+£144

FEF75 200542021+ 046+0.27 36.404 <0.001
2005-2021+ 0.87+0.24
2005 +2021- 034+0.18

Z/-FEF75 200542021+ -1.56+1.62 2498 0.083
2005-2021+ -0.85+£1.55
2005 +2021- -135+£1.70

FEF25-75 200542021+ 0.88+0.47 36.726 <0.001
2005-2021 + 1.62+041
2005+2021- 0.69+0.35

/- FEF25-75 2005+2021 + -142+152 3.035 0.049
2005-2021 + —-0.65+1.63
2005+2021- -1.24+1.68

high number of false negatives, meaning that children
with asthma who actually have reversible airflow obstruc-
tion are mistakenly diagnosed as having a negative result.
The ATS/ERS guidelines explicitly state that the 200 mL
threshold is not applicable to children. FEV; is the most
sensitive and specific indicator of airflow obstruction in
asthma. A significant improvement in FVC may also be
related to other factors, such as improved test technique
(children becoming more cooperative after repeated test-
ing) or certain manifestations of restrictive lung disease.
Therefore, relying solely on FVC to define a positive
test increases diagnostic uncertainty. Therefore, using a
change in FEV, of>12% has better diagnostic accuracy
than combined criteria.

The k test showed that 2005BDR and 2021BDR had
good consistency, with k values being>0.80, which was
consistent with the conclusions in previous studies [4, 5].
Chaiwong et al. [5] believed that 2021BDR did not sig-
nificantly change the BDR results of most patients with
asthma, ensuring diagnostic stability. Furthermore, they
reported that the 2005BDR and 2021BDR standards
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could be used interchangeably. Trepic¢ et al. [4] reported
that regardless of the standard that was used, positive
BDR was associated with the degree of FEV; impairment.

This study further analyzed the age groups of children
with asthma and found that only in the 6-11-year-old
group, there were significant differences in baseline lung-
function indicators between 2005BDR +and 2021BDR +,
and between 2005BDR- and 2021BDR-. Specifically, the
Z-FEV1, /\FEV1%pred in the 2021BDR+group were
significantly higher than those in the 2005BDR + group;
The number of cases with Z-FEVI<LLN in the
2021BDR + group (159) was significantly lower than that
in the 2005BDR +group (217). These findings suggest
that the difference between the two evaluation criteria is
more likely to occur in children aged 6-11 years. Among
the two standards, 2021BDR +is associated with better
baseline lung function, whereas 2021BDR- is associated
with worse baseline lung function. This result demon-
strates that compared with the 2005BDR standard, the
2021 version of the standard May reduce the influence of
baseline lung function in BDR results.

The indicators with differences in children in all age
groups showed a decrease in the inconsistent group and
were similar to the findings reported by Li et al. [8], chil-
dren with worse baseline lung function are more likely to
show inconsistent results.

Children exhibiting inconsistent results were divided
into two outcomes, changing from 2005BDR +to
2021BDR~, or changing from 2005BDR- to 2021BDR +.
Comparison of baseline pulmonary-function data
showed that the baseline pulmonary function of children
who exhibited a change from 2005BDR+to 2021BDR-
was generally poor, and the values for each parameter
were significantly lower than those for children with con-
sistent results in the two evaluations. On the other hand,
the baseline pulmonary-function data of children who
showed a change from 2005BDR- to 2021BDR +were
significantly higher than those of children in the consis-
tent group. In general, 2021BDR + children had better
baseline pulmonary function, and those with inconsistent
results generally showed lower AFEV1 values.

We further analyzed the relationship between the
positive rate and the degree of baseline airflow obstruc-
tion using the two evaluation criteria. The positive rates
of 2005BDR and 2021BDR were both positively cor-
related with the severity of airflow obstruction for chil-
dren, which was similar to the conclusions of Beasle et
al. [13, 16]. From the table, we can see that the severity is
inversely proportional to the age, but the trend test shows
a weak positive correlation, which may be related to the
sample size. BDR +is mainly concentrated in the normal
and mild obstruction population. The analysis revealed
that only Z-FEV1 was an independent protective fac-
tor against discordance. Trepi¢ et al. [4] reported that
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Table 5 Pairwise comparisons between inconsistent groups
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Indicators Groups 95%(Cl Adjusted p
FVC 200542021+ 2005-2021+ 0.421[0.112,0.730] 0.019
200542021+ 2005+2021- —0.197[-0.354,-0.040] 0.040
2005+2021- 2005-2021+ —0.618[-1.021,-0.215] 0.001
Z-FVC 200542021+ 2005-2021+ 0.227[-0.465,0.919] 0.560
200542021+ 2005+2021- 0.213[-0.141,0.566] 0.886
2005+2021- 2005-2021+ —0.015[-0.926,0.897] 1.000
FEV1 200542021+ 2005-2021+ 0.505[0.293,0.717] <0.001
200542021+ 2005+2021- —0.162[-0.269,-0.054] 0.10
2005+2021- 2005-2021+ —0.666[-0.942,—-0.390] <0.001
Z-FEV1 200542021+ 2005-2021+ 0.213[2.37,3.25] <0.001
200542021+ 2005+2021- —1.490[-1.731,-1.249] <0.001
2005+2021- 2005-2021+ —4.302[-5.197,-3.407] <0.001
FEV1/FVC 200542021+ 2005-2021+ 9.69[6.804,12.576] <0.001
2005+2021+ 2005+2021- —1.149[-3.546,1.249] 0.715
2005+2021- 2005-2021+ —10.838[-16.937,-4.740] <0.001
Z-FEV1/FVC 200542021+ 2005-2021+ 0.608[0.131,1.085] 0.125
200542021+ 200542021~ 0.162[-0.145,0.470] 0.653
2005+2021- 2005-2021+ —0.445[-1.231,0.340] 0438
FEF75 200542021+ 2005-2021+ 0.411[0.295,0.527] <0.001
200542021+ 2005+2021- —0.115[-0.158,-0.072] <0.001
2005+2021- 2005-2021+ —0.526[-0.674,-0.379] <0.001
Z-FEF75 200542021+ 2005-2021+ 0.704[0.014,1.394] 0.135
200542021+ 2005+2021- 0.213[-0.147,0.573] 0.570
2005+2021- 2005-2021+ —0491[-1.4156,0.434] 0.496
FEF25-75 200542021+ 2005-2021+ 0.738[0.537,0.939] <0.001
200542021+ 2005+2021- —0.190[-0.271,-0.108] 0.001
2005+2021- 2005-2021+ —0.928[-1.187,-0.669] <0.001
/- FEF25-75 200542021+ 2005-2021+ 0.774[0.123,1.425] 0.063
200542021+ 2005+2021- 0.182[-0.159,0.523] 0.652
200542021~ 2005-2021+ —0.592[-1.471,0.286] 0.288
Table 6 Multivariate logistic regression analysis of inconsistent
2005BDR+2021BDR +vs2005BDR +/2021BDR + B S.E Wald p OR 95%Cl
Z-FEV1 —-0.258 0.088 8.514 0.004 0.773 [0.650,0.919]
Sex -0.100 0.248 0.162 0.687 0.905 [0.556,1.472]
Age 0.383 0.777 0.243 0.622 0612 [0.320,6.719]
Normal vs Severe 0.169 1.813 0.009 0.926 1.184 [0.034,41.332]
Mild vs Severe 0.397 1.833 0.047 0.829 1.488 [0.041,54.086]
Moderate vs Severe 1.872 1.855 1.018 0.313 6.505 [0.171,246.844]
Age x degree of obstruction 4.190 0.242

Table 7 Distribution of 2005BDR+/2021BDR+in populations
with different baseline pulmonary ventilation functions

2005BDR + Normal (n,%) Mild Moderate Severe

<5years 63 (40.4%) 67 (42.9%) 22 (14.1%) 4 (2.6%)

6-11years 155 (35.8%) 163 (37.6%) 97 (224%) 18 (4.2%)

12-18years 15 (24.6%) 24 (39.3%) 17 (27.9%) 5(8.2%)

¥?=10.101, p=0.01. Gamma=0.186, p=0.002

2021BDR+

<5years 64(44.4%) 62(43.1%) 15(10.4%) 3(2.1%)
6-11years  147(384%) 148(386%)  74(193%)  14(3.7%)
12-18years  14(26.4%) 22(41.5%) 14(26.4%) 3(5.7%)

¥?=10437, p=0.001. Gamma=0.206, p=0.01

regardless of the standard that was used, positive BDR
was associated with the degree of FEV1 impairment.

This study focused on the differences in baseline lung-
function indicators, BDR +ratio, and trends in airflow
obstruction but did not involve clinically relevant indi-
cators such as asthma staging, allergic status, comor-
bidities, and airway inflammation. Whether the 2021
BDR guidelines are better than the 2005 BDR guidelines
cannot be judged from the existing results, thereby war-
ranting further studies. BDR results may be affected by
several factors such as disease phenotype, comorbidi-
ties, and bronchodilator-dosing regimens. More relevant
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Table 8 Characteristics of baseline pulmonary ventilation function in the inconsistent group

Baseline 2005BDR +2021BDR+(558) 2005BDR-2021BDR +(22) 2005BDR +2021BDR-(92)
normal 208(37.3%) 17(77.3%) 25(27.2%)

Mild 227(40.7%) 5(22.7%) 27(33.0%)

Moderate 103(18.5%) 0(0%) 33(35.9%)

Severe 20(3.6%) 0(0%) 7(7.6%)

X2=8.657, p<0.003. OR=-142,p=—0.114 p<0.003

factors will be considered in our future analyses. In
addition, data for this study were obtained from a sin-
gle center and lacked retention time data and potential
dose heterogeneity. Although the data were rigorously
screened, it lacks representativeness. Thus, Subsequent
clinical verification of the results of asthma control, exac-
erbation or treatment response is still needed. And mul-
ticenter data from other public databases are required for
subsequent universal verification or external verification.

Conclusions

The kappa test showed that the results of 2005BDR
and 2021BDR were consistent, but there were differ-
ences between the inconsistent groups. The change
from 2005BDR+to 2021BDR- is more likely to occur
in children with poor baseline lung function, whereas
the change from 2005BDR- to 2021BDR +is more likely
to occur in those with better baseline pulmonary venti-
lation function. The 2021BDR standard may reduce the
influence of baseline lung function when determining
the results. The positive rate obtained based on the two
evaluation criteria maintained the same trend with the
degree of airflow obstruction. All showed a weak positive
correlation.

Abbreviations
BDR Bronchodilator responsiveness

ERS/ATS European Respiratory Society /American Thoracic Society
FEV, Forced expiratory volumein 1s
Z-FEV1 Z-scores of Forced Expiratory Volumein 1s

FVC Forced vital capacity

Z-FVC Z-scores of Forced vital capacity

FEF75 Forced Expiratory Flow at 75% of FVC

Z-FEF75 Z-scores of Forced Expiratory Flow at 75% of FVC

FEF25-75 Forced Expiratory Flow between 25 and 75% of FVC

Z- FEF25-75 Z-scores of Forced Expiratory Flow between 25 and 75% of
FVC

LLN Lower Limit of Normal

GINA Global Initiative for Asthma

Pred Predicted

init Initial

AFEV, The difference between the best baseline FEV, value and the
best value after the use of bronchodilators

AFEV,%init The ratio of AFEV, to baseline FEV,

AFEV %pred  The ratio of AFEV, to FEV,pred

2005BDR BDR results defined by the 2005 ERS/ATS standards

2021BDR BDR results defined by the 2021 ERS/ATS standards

BDR+ Positive BDR

BDR- Negative BDR
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