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Purpose: It is still unclear whether considering abnormal spirometry as a marker for disease control can help physicians adjust asthma
controllers in children because of the scarcity of pediatric studies. We aimed to investigate the prevalence of abnormal spirometry in
a selected pediatric asthmatic population and its effect on longitudinal outcomes.

Patients and Methods: This retrospective cohort study was conducted at the Songklanagarind Hospital, Thailand. Children with
asthma aged <18 years were recruited for review if they attended the clinic and underwent acceptable spirometry with bronchodilator
responsiveness (BDR) tests after receiving asthma treatment for at least 3 months between January 2011 and June 2022. Differences in
baseline characteristics, atopic factors, asthma treatment, and outcomes were analyzed between the normal and abnormal spirometry
groups over a 12-month post-spirometry period.

Results: The mean age of the 203 enrolled patients was 10.9 + 2.6 years. Abnormal spirometry, defined as airflow limitation or the
presence of BDR, was observed in 58.1% of patients. No significant differences were observed in baseline characteristics, atopic
factors, asthma treatment, or outcomes between the normal and abnormal spirometry groups. Further analysis of 107 patients with
abnormal spirometry with symptom control revealed that physicians adjusted the asthma controller based on spirometry and symptoms
in 84 and 23 patients, respectively. There was no significant difference in the loss of disease control over the 12-month post-spirometry
period between the two groups.

Conclusion: Abnormal spirometry was found in 58.1% of treated school-aged patients with asthma. Abnormal spirometry results
were not associated with poor asthma outcomes during the 12-month follow-up. Both symptom-based and spirometry-based adjust-
ments of asthma controllers resulted in comparable symptom control over a 12-month follow-up period in the selected population.
Keywords: pulmonary function test, lung function test, childhood asthma, bronchodilator responsiveness

Introduction
Asthma is the most prevalent non-communicable respiratory disease in childhood, affecting 11-13% of children
worldwide." Besides symptom control and minimizing the future risk of exacerbations, preserving normal lung function
is an important goal of long-term pediatric asthma care.” Impaired lung function in children with asthma is associated
with an increased risk of chronic airflow obstruction and chronic obstructive pulmonary disease development in early
adulthood.”* Therefore, regular assessment of lung function is encouraged in monitoring children with asthma.>
Spirometry is currently the standard tool for assessing lung function in children with asthma. Abnormal spirometry
parameters (such as low forced expiratory volume in 1 s [FEV1], low ratio of FEV1 to forced vital capacity [FEV1/FVC],
or low forced expiratory flow between 25% and 75% of vital capacity [FEF25-75%], which represents airway dysfunction),
are considered predictors of disease severity and long-term prognosis of respiratory health.** Children with asthma with
a lower FEV1 percentage are more likely to have more severe disease and are at a higher risk of exacerbation.®” However,
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a significant portion of symptom-controlled patients with asthma still have abnormal lung function.®
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Airway reversibility is another characteristic feature of asthma that can be assessed via bronchodilator responsiveness
(BDR) testing in children with asthma.>> Besides its diagnostic purpose, the persistence of BDR is a marker of poor
asthma control and predictive of a good response to inhaled corticosteroids (ICS).'*'* Previous studies have reported
evidence of airway reversibility in children with asthma with good asthma control or normal lung function.'*'> These
controversial findings affect the role of spirometry and BDR testing in asthma management. However, because of the
scarcity of pediatric studies, it is still unclear whether, besides symptom assessment, considering abnormal lung function
or the presence of BDR as another marker for disease control can help physicians adjust asthma controllers in children.

Hence, we aimed to investigate the prevalence of abnormal spirometry results in school-aged children with asthma by
exploring the longitudinal correlation between asthma control and spirometry results and its effect on asthma controller
adjustment.

Materials and Methods

Study Design

This retrospective study was conducted at the Pediatric Pulmonology and Allergy Clinic of the Songklanagarind Hospital,
Prince of Songkla University, Southern Thailand. Ethics committee approval from the Faculty of Medicine, Prince of Songkla
University (REC-65-261-1-1, approved on August 15, 2022) was obtained prior to study initiation. The study was performed
in accordance with the Declaration of Helsinki, and informed consent was obtained from the parent or legal guardian of all
study participants (which aged <18 years) prior to study commencement. Children with asthma aged <18 years who attended
the clinic and underwent spirometry testing between January 2011 and June 2022 were recruited for the initial review. Based
on the initial review, children who met the following criteria were enrolled as study participants: 1) received asthma treatment
for at least 3 months before spirometry 2) had acceptable spirometry and 3) underwent BDR testing. Children were excluded
from the study if they met the following criteria: 1) any underlying diseases, congenital heart, chronic lung, neuromuscular
diseases, or immunodeficiency disorders and 2) incomplete follow-up data after spirometry.

Data Collection

Patient information was collected from medical records, including demographic data, atopic history, allergen sensitiza-
tion, asthma comorbidities, current asthma controller used, symptom control status, and healthcare utilization because of
acute asthma (systemic steroid use, emergency visits, and hospital and intensive care admission) prior to and at 3, 6, and
12 months post spirometry. Spirometry parameters were also collected from electronic records.

Definition and Measurement Methods

Asthma Characteristics

Atopic history and asthma comorbidities, including food allergy, atopic dermatitis, allergic rhinitis, gastroesophageal
reflux, and obstructive sleep apnea, were defined based on physician diagnostic records. Allergen sensitization was
defined as having any record of a positive skin prick test result (wheal size > 3 mm) or specific serum immunoglobulin
E for aeroallergens greater than the cutoff of 0.35 kUA/L.

Treatment adherence was classified as “good” for never or hardly missed prescribed drug usage or “poor” for frequently
or always missed prescribed drug usage. The adjustments of asthma controllers were defined as “step up”, “maintain”, or
“step-down” treatment, according to the stepwise management of Global Initiative for Asthma (GINA) 2022.2

Disease control was evaluated via 3-month periodic visits using simple screening tools.” The patient was considered to
have “symptom control” when none of the following four criteria were present within the previous 4 weeks: 1) day-time
asthma symptoms more than twice a week, 2) night-time asthma symptoms more than once a week; 3) symptom
disturbances of normal activity more than once a week, and 4) use of a rescuer more than twice a week.

Spirometry

Spirometry was performed by a registered nurse using a computer-assisted spirometer (KoKoVR Spirometer; nSpire
Health, CO, USA) according to international guidelines applied for quality control.'® The measurements were performed
with patients in a standard position, without the use of nose clips. Three values were obtained, and the highest FEV1 and
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FVC values were used. The FEV1/FVC ratio, FEF25-75%, and peak expiratory flow rate (PEFR) were recorded.
Standard BDR tests were performed according to standard protocols, and the best post-bronchodilator FEV1 and PEFR
values were recorded.

Abnormal spirometry was defined as either documented expiratory airflow limitation (FEV1< 80% predicted and an
FEVI1/FVC ratio < 0.9) or documented BDR demonstrated by an increase in FEV1 > 12% or PEFR > 12% of baseline
after salbutamol administration.”

Statistical Analysis

Data were analyzed using the R software (version 4.0.4; R Foundation for Statistical Computing, Vienna, Austria). Descriptive
data were presented as percentages, means (standard deviation; SD), and medians (interquartile range; IQR). Participant
characteristics were compared across spirometry groups (normal and abnormal) using the chi-squared or Fisher’s exact test for
a proportion of each categorical variable (sex, obesity, controller used, atopic status, and asthma control status at 3-, 6-, and 12-
month follow-up). Continuous data (age at spirometry and age at first wheezing) were compared based on the distribution of
data using the mean (Student’s #-test) and median (Mann—Whitney U-test). Children with symptom control and abnormal
spirometry were further analyzed to determine the pattern of asthma controller adjustments (stepping down or not stepping
down) and treatment outcomes in the two groups. The significance level for all tests was set at p < 0.05.

Results

A total of 402 medical records of eligible patients with asthma were reviewed. Among them, 203 patients with acceptable
spirometry and complete BDR results were analyzed (Figure 1). Sixty-five percent of patients were male, with a mean
age of 10.9 + 2.6 years during spirometry testing. Most patients (83.3%) already used asthma controllers, and 47.3% were
receiving a treatment level higher than GINA treatment step 2.

According to the predefined criteria in the study, the overall prevalence of abnormal spirometry results was 58.1%.
Focusing on the evidence of airflow limitation, 37.4% of treated patients with asthma showed evidence of airflow
limitation (Table 1); in contrast, BDR was present in 36.0% of the patients.

Table 2 shows the comparison of patient characteristics according to spirometry results. The percentage of current
controller use was not significantly different between the two groups (81.4% vs 85.9%, p = 0.51). Although a higher
proportion of patients were receiving asthma treatment GINA steps 1-2 in the abnormal spirometry group than those in
the normal group, this difference was not statistically significant (57.6% vs 45.8%, p = 0.13). Furthermore, there were no
significant differences in the prevalence of obesity, allergic diseases, or allergen sensitization between the two groups.

Of the participants, 90.6% were classified as having symptom control during spirometry testing. There was no
significant difference in symptom control and healthcare utilization percentage because of acute asthma (emergency visit,

Children aged 6-18 years, diagnosed with asthma
at the Pediatric Pulmonary and Allergy clinic

N=2,254
- » Underlying disease=22
Spirometry was performed « Unacceptable/uninterpretable test result=13
N=326 « Incomplete clinical data =75
+ Bronchodilator responsiveness testing not
performed=13
Acceptable spirometry and complete N=123
bronchodilator responsiveness testing
N=203
Data analysis
Figure | Study design and flow diagram.
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Table | Spirometry Results of the Study Population (N = 203)

N (%)

Airflow limitation parameters

FEVI < 80% predicted 101 (49.8)

FEVI/FVC ratio < 0.9 152 (74.9)

FEVI < 80% predicted and FEVI/FVC ratio < 0.9 | 76 (37.4)

FEF25-75 of VC < 70% predicted 99 (48.8)

PEFR < 80% predicted 138 (68.0)
Airway hyper-reactivity parameters

FEVI reversibility > 12% 21 (10.3)

PEFR reversibility > 12% 64 (31.5)

FEVI or PEFR reversibility > 12% 73 (36.0)

Abbreviations: FEVI, forced expiratory volume in | second; FVC, forced vital
capacity; FEF25-75 of VC, forced vital capacity expiratory flow at 25-75% vital
capacity; PEFR, peak expiratory flow rate.

Table 2 Patient Characteristics According to Spirometry Results (N = 203)

Total Spirometry Result P value
N =203 (%) | Abnormal Normal
N =118 (%) | N =85 (%)
Male 129 (65.5) 72 (62.6) 57 (69.5) 0.39
Obesity (BMI SDS > 2+ or BMI = 25) 18 (8.9) 12 (10.2) 6 (7.1) 0.86
Age at spirometry (years; mean, SD) 10.9 (2.6) 10.9 (2.6) 10.9 (2.5) 0.93
Age of wheezing onset (years; median, IQR) 3.0 (2,6) 3.1 (2,6) 3.0 (2,5 0.87
Current controller use 169 (83.3) 96 (81.4) 73 (85.9) 0.51
Asthma medication* 0.13
GINA step -2 107 (52.7) 68 (57.6) 39 (45.8)
GINA step 2 3 96 (47.3) 50 (42.3) 46 (54.1)
Atopic status
Physician-diagnosed atopic dermatitis 60 (29.6) 34 (28.8) 26 (30.6) 091
Physician-diagnosed allergic rhinitis 169 (83.3) 99 (83.9) 70 (82.4) 0.92
Allergen sensitization 101 (49.8) 58 (49.2) 43 (50.6) 0.95
Parental asthma 14 (6.9) 9 (7.6) 5(5.9) 0.84

Note: *Asthma medication according to the Global Initiative for Asthma 2022 guidelines.
Abbreviations: BMI, body mass index; SDS, standard deviation score; SD, standard deviation; IQR, interquartile range;
GINA, the Global Initiative for Asthma.

hospitalization, and intensive care unit [[CU] admission) between the abnormal and normal spirometry results in the year
before spirometry testing (Table 3). According to the outcomes over 12 months following spirometry, in each 3-month
interval post spirometry, there were no significant differences in the rate of symptom control, emergency visits, and
systemic steroid use between the two groups. Furthermore, no patients in either group required hospitalization or ICU
admission because of acute asthma in the following 12 months post-spirometry.

There were 107 patients with asthma that had abnormal spirometry despite clinically defined “symptom control” with
spirometry testing. Two different asthma controller adjustment patterns were detected simultaneously. Twenty-three (21.5%)
out of 107 patients received stepping-down treatment, defined as “symptom-based adjustment”; in contrast, 84 (78.5%) out
of 107 patients received non-stepping-down treatment, defined as “spirometry-based adjustment”. The asthma outcomes
over 12 months for both treatment algorithms are shown in Figure 2. There was no statistically significant difference in the
loss of disease control between the spirometry-based and symptom-based adjustment groups at 12 months after spirometry
(4/84 [4.8%] vs 1/23 [4.4%]; p = 1.00).
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Table 3 Asthma Control Status and Spirometry Results (N = 203)
Asthma Control Status Spirometry Result P value
Abnormal Normal
N =118 (%) N =85 (%)
At the time of spirometry
Symptom control in previous 3 months 107 (90.7) 77 (90.6) 1.00
Emergency visit in the previous year 49 (41.5) 27 (31.8) 0.20
Hospitalization in the previous year 15 (12.7) 8 (94) 0.61
Intensive care admission in the previous year 1 (0.8) 0 (0.0) 1.00
At 3 months post-spirometry
Symptom control 109 (92.4) 78 (91.8) 1.00
Emergency visit 3 (25) 1(1.2) 0.64
Systemic steroid use 4 (3.4) 1(1.2) 0.40
Hospitalization 2 (1.7) 1(1.2) 1.00
At 6 months post-spirometry
Symptom control 115 (97.5) 81 (95.3) 0.46
Emergency visit 2 (1.7) 0 (0.0) 0.51
Systemic steroid use 2 (1.7) 0 (0.0) 0.51
At 12 months post-spirometry
Symptom control 108 (95.6) 79 (98.8) 0.40
Emergency visit 1 (0.9) 1(1.2) 1.00
Systemic steroid use 0 (0.0 1(1.2) 0.42

Discussion

This study explored lung function abnormalities in the selected population: school-aged patients with asthma receiving

treatment. Abnormal spirometry was found in 58.1% of treated school-aged patients with asthma. Our study used

a broader definition of abnormal spirometry, including airflow limitation and albuterol bronchial responsiveness. Both

features are characteristic of asthma and represent airway dysfunction.’

The strength of this study lies in the informative use of the dataset. Data in this study were obtained from structured

medical records to ensure the accuracy and completeness of various asthma outcomes, such as symptom control,

healthcare utilization for acute asthma, controller use, and medication compliance. All asthma outcomes were assessed

by nurses or physicians during each visit through direct interviews. The protocolized schedule of our visiting institutes

Abnormal spirometry
N=118

Symptom control with abnormal spirometry

Symptoms uncontrolled
N=11

N=107
I
v v
Step-down treatment Not step-down treatment
“Symptom-based adjustment” “Spirometry-based adjustment”
N=23 N=84
| I
+ + v !
Control Uncontrolled 3 e Control Uncontrolled
N=23 N=0 N=77 N=7
N=22 N=1 12 months N=80 N=4

Figure 2 Physician decision on treatment according to spirometry results and outcomes.
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facilitated repeated analyses at 3, 6, and 12 months post-spirometry to assess long-term asthma outcomes. However, this
study had some limitations that must be addressed. The single spirometry results for each individual may not demonstrate
the association with symptom control for a year.

Previous studies have reported differences in the prevalence of abnormal lung function because of variances in
definitions and different populations studied. The reported prevalence, based on airflow obstruction, ranges from 23.5%
to 60% in pediatric asthma.®'%'""!> Lo et al'® studied 575 children with asthma treated in the United Kingdom and found
that 23.5% had airflow obstruction. Another recent prospective study' reported that 27.5% of Thai children with well-
controlled asthma still had airflow obstruction. In this study, the prevalence of abnormal spirometry regarding airflow
obstruction (37.4%) was higher than that in other studies. The persistence of airflow obstruction after asthma treatment in
patients with asthma might be affected by various patient and environmental factors beyond appropriate asthma
treatment. Kwong et al'’ reported unchanged lung function in inner-city children with asthma despite appropriate asthma
treatment over 3—5 years, which showed that treatment or level of asthma control did not change lung function.

Atopy and being overweight are significant factors affecting lung function in children with asthma.*'® Ciprandi et al'’
showed a relationship between BMI and low FEV1; patients who were overweight had double the risk, and patients with
obesity had triple the risk of having pathological FEV1. Contrarily, we found no significant differences in the percentage
of obesity and atopic risk between the abnormal and normal spirometry groups. We did not explore several other clinical
factors that might affect persistently impaired lung function from early childhood, such as pre-natal/perinatal lung
insults,'® severe early-life respiratory tract infections,”® maternal smoking, and environmental tobacco smoke.'®?!

More than 90% of the patients in this study maintained symptom control throughout the follow-up period, and
abnormal spirometry was not associated with poor asthma outcomes during periodic evaluation over the 12-month post-
spirometry period. A weak correlation between symptom control and lung function has been reported in many studies.’'’
However, many controversial issues remain regarding the use of lung function to classify asthma severity or predict
future asthma outcomes in pediatric asthma studies. Data from 416 children in a controlled clinical trial® showed
a significant association between pre-bronchodilator FEV1 and asthma outcomes. The lower the FEV1 percentage, the
higher the risk of asthma exacerbation in the following 4 months. Additionally, FEV1 reversibility has been identified as
the strongest factor for predicting the need for a higher dose of asthma medications in the year following spirometry
assessment.'> However, some pediatric asthma studies have failed to demonstrate a good correlation between spirometry
and asthma severity classified by symptom frequency or medication use.®'' Although airway obstruction in patients with
asthma is an important feature of severe diseases or airway remodeling despite receiving treatment, some patients can
improve over time by adherence to medication. It has been accepted that airway structure changes can occur even in
asymptomatic asthma.”> Hence, spirometry, which detects airway dysfunction, might not simultaneously change with the
patient’s symptoms.

The observational data in this study explored one of the problematic situations in asthma medication adjustment,
wherein abnormal spirometry was present in definite symptom control accompanied by good medication adherence. This
study found that both symptom- and spirometry-based approaches for treatment adjustment resulted in a comparable rate
of uncontrolled disease. However, these findings should be interpreted with caution because of the study’s retrospective
nature, which might have led to several biases. This study excluded patients with incomplete follow-up data; therefore,
regularly visiting patients tended to demonstrate good adherence. This was supported by a high disease control rate (up to
95% in both groups). In addition, this study’s overall rate of good adherence to medication was quite high (81.8%).
However, this finding highlights physicians’ difficulty in utilizing spirometry or other objective tests in asthma
management.

However, our study has some limitations. Spirometry assessments in this study were performed at different time
points during the disease course, depending on clinical decisions with no standard protocols. Some were used as
objective markers of disease control before discontinuing asthma control; in contrast, others were evaluated for baseline
lung function after the initiation of asthma treatment. Further longitudinal or prospective studies using interval
spirometry assessments should be conducted to address the clinical question of optimizing the use of spirometry tests

in real-world pediatric practice.
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Conclusion

Abnormal spirometry results were observed in more than half of the treated school-aged patients with asthma. Abnormal
spirometry results were not associated with poor asthma outcomes during the 12-month follow-up period in this selected
population. Both symptom-based and spirometry-based adjustments of asthma controllers resulted in comparable
symptom control over a 12-month follow-up period.

Abbreviations

BDR, bronchodilator responsiveness; FEV1, forced expiratory volume in 1 second; FEV1/FVC, ratio of FEV1 to forced
vital capacity; FEF25-75%, forced expiratory flow between 25% and 75% of vital capacity; FeNO, fractional exhaled
nitric oxide; GINA, Global Initiative for Asthma; ICS, inhaled corticosteroids; IQR, interquartile range; SD, standard
deviation; PEFR, peak expiratory flow rate.
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