L))

Check for
updat

Study Protocol

The predictive role of small airway dysfunction and airway
inflammation biomarkers for asthma in preschool and school-age
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Background: Preschool children are at a high risk of developing asthma. Asthma in preschool children
could remit in most cases, but could persist into school age, adolescence, or even adulthood in some cases.
However, it is difficult to predict which children with preschool asthma will develop into school-age asthma.
We present a cohort study protocol to explore the predictive role of small airway dysfunction and airway
inflammation biomarkers of asthma in preschool and school-age children.

Methods: A prospective cohort study will be conducted with at least 205 children with preschool asthma.
All patients will be recruited when they consult a pediatric pulmonologist at the Children’s Hospital of
Chongqing Medical University and will be followed up to 6 years of age. Initially, patients’ demographic
information, medical history, physical findings, and questionnaire information will be collected, and baseline
small airway function and inflammation biomarkers will be detected. During the follow-up period, medical
history, physical findings, and the questionnaire results will be collected every 3 months, and small airway
function will be tested by impulse oscillometry (IOS) every 6 months. At the final visit, a definite diagnosis of
school-age asthma will be made by a pediatric pulmonologist based on the criteria of the Global Initiative for
Asthma 2020.

Discussion: The study will be the first to be conducted in preschool children assessing whether small
airway dysfunction combined with airway eosinophilic biomarkers and club cell secretory protein is
associated with school-age asthma. This study may provide new promising predictors of persistent asthma
from preschool to school age.

Trial Registration: The study has been registered at the Chinese Clinical Trial Registry (ChiCTR2000039583).
Registered on November 1, 2020. Protocol version: version 1.0, August 16, 2021.
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Introduction

Pediatric asthma remains an important health concern, as
its prevalence remains high despite current treatment (1).
Preschool children are at a high risk for asthma (2). Although
most patients can recover, some develop persistent asthma
into school age, adolescence, and even adulthood (3,4). Early
identification and treatment are associated with improved
asthma control and a reduced risk of developing asthma
at school age (5). Therefore, it is crucial to investigate the
predictors of persistent asthma from preschool to school age.

Several systematic reviews have evaluated predictors of
the development of asthma at school age (6-8). The male
sex, exposure to smoke, family history of asthma or allergy,
allergic disease comorbidities or precursors of asthma
(eczema, allergic rhinitis, or respiratory infections), severity
of early symptoms (frequency of wheeze, wheeze without
colds, dyspnea, or obstruction) and specific IgE to inhalant
or food allergens, and polysensitisation (allergy to more
than one allergen) were predictors of developing asthma
at school age (6-8). However, the correlations between
these factors and school-age asthma were weak. Moreover,
measurement of the majority of these factors was subjective
(6-8). Therefore, new reliable predictors of asthma
development at school age need to be identified.

Abnormal airway function is the main characteristic of
asthma (9). Assessment of airway function is essential for
understanding disease progression in early childhood and
may predict asthma in later life (10-12). However, most
studies have focused on the functions of large airways. The
role of small airway function in asthma control has gained
attention recently (13,14). Small airways are defined as distal
airways with diameters of <2 mm (13,14). The intensity of
inflammation was higher in the small airways than in the
large airways in patients with asthma (15). Small airway
remodeling occurs during at the early onset of asthma (16).
Small airway dysfunction (SAD), determined by impulse
oscillometry (IOS) in preschool children with asthma has
been shown to predict impaired lung function by spirometry
in the adolescent (17). Additionally, some studies have
indicated that SAD is strongly correlated with uncontrolled
asthma (13,18). Therefore, SAD may be a promising early
predictor of poor prognosis in preschool asthma (19).

Airway inflammation is particularly important for
the development of SAD and asthma (9). Excessive
inflammation leads to airway epithelial injury, abnormal
repair, and inappropriate remodeling, accelerating the
decline in small airway function and recurrent attacks
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in patients with asthma (9). The measurement of airway
inflammation may be helpful in understanding asthma
progression. The fraction of exhaled nitric oxide (FeNO)
and blood eosinophils are biomarkers of eosinophilic airway
inflammation (20). A study has reported that increased
FeNO levels in infants and toddlers had a higher risk of
asthma and increased airway reactivity at 5 years of age (21).
An increased eosinophil count in preschoolers increases
the risk of uncontrolled asthma at school age (22). In
addition to biomarkers of eosinophilic airway inflammation,
biomarkers of lung epithelial injury may also be potential
predictors for poor asthma prognosis. Club cell secretory
protein (CC16) is an anti-inflammatory protein secreted
by the club cells in the distal airways and can be measured
in circulation (23). Lower CC16 levels in the blood and
airways have been proposed as biomarkers of lung epithelial
injury and may predict poor prognosis of asthma (23,24).

Studies have shown that SAD and abnormal inflammation
biomarkers in preschool children are associated with poor
asthma control and increased hyperresponsiveness in later
life. However, whether they are associated with developing
asthma at school age remains unclear. Moreover, evidence
has shown that a combination of SAD and inflammation
biomarkers may have a better predictive performance than
either biomarker alone (25).

The cohort study will aim to investigate whether SAD,
airway inflammation biomarkers, or a combination of
SAD and airway inflammation biomarkers are associated
with asthma at school age. We will also further investigate
whether combined biomarkers enhance reliable school-age
asthma prediction. Finally, we will investigate whether SAD
and abnormal inflammation biomarkers are associated with
the frequency of exacerbations and asthma control levels.
Although a few studies have investigated their associations
(18,21,22), these results require further validation.

Study aims

"To investigate whether SAD, airway inflammation biomarkers,
or a combination of SAD and airway inflammation biomarkers
are associated with asthma at school age.

Methods and analysis
Study design and setting

This prospective cohort study will follow-up children with
asthma from preschool to 6 years of age. Participants will
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Inclusion criteria
() Children aged 3 to 5 years old;
(Il) Three or more wheezing episodes;
(Ill) Preschool asthma diagnosed by a
pediatric pulmonologist

Enrollment

Exclusion criteria
() Combined with other chronic diseases;
(1) Inability to perform tests;
(Il) Lower respiratory tract infection and
acute exacerbation within 2 weeks

Inclusion
(n=205)

Exposure group
(Small airway dysfunction combined
with inflammatory biomarkers change)

Control group
(Normal small airway function and
inflammatory biomarkers)

Follow-up

Y

Y

Follow-up measurements
Medical history, physical examination,
questionnaires, 10S, FeNO, blood
eosinophil, CC16

\

Y

Definite asthma diagnosis

Final

Y

Y

Asthma group

Non-asthma group

Figure 1 Summary of study procedures. I0S, Impulse oscillometry; FeNO, fraction of exhaled nitric oxide; CC16, club cell secretory

protein.

be recruited from the Children’s Hospital of Chongqing
Medical University, a 2,000-bed tertiary teaching hospital in
Chongqing, China, ranked in the top three of all domestic
children’s hospitals.

Eligibility criteria

Inclusion criteria

(I)  Children aged 3 to 5 years old;

(II) Three or more wheezing episodes;

(IIT) Asthma diagnosed by a pediatric pulmonologist

according to the criteria established by Canadian
Thoracic Society and Canadian Pediatric Society (26).

Exclusion criteria

(I)  Mental retardation, cardiac anomalies, congenital
malformations, other diseases of the lungs/airways,
and Crohn’s disease or rheumatic arthritis;

(II) The inability to perform lung function tests or
inflammatory biomarker measurements;
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(III) A history of lower respiratory tract infection and acute
exacerbation within 2 weeks before the tests.

Outcomes

The primary outcome will be the development of asthma at
school age. It will be estimated by a pediatric pulmonologist
following the criteria of the Global Initiative for Asthma
(GINA) 2020 (27) at the final visit. The secondary outcomes
will be the frequency of exacerbations and asthma control
assessed by pediatric respiratory physicians using the
Childhood Asthma Control Test (C-ACT) (28,29) or the
Test for Respiratory and Asthma Control in Kids (TRACK)
(30,31) at every visit.

Study procedures

A summary of the study procedure is presented in Figure 1.
The recruitment start date will be Oct 1, 2021. The
anticipated recruitment end date will be Dec 1, 2022 and
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Table 1 Overview of measurements per visit

Enroliment Follow-up Final
Measures

VA V2 V3 V5 V6 V7 V8 V9 V10 V11 V12

Eligibility screen J
Informed consent J
Demographic information J
Medical history J J J J J J J
Physical examination J J J J J J J
Asthma control questionnaires J J J J J J J
108 J J J N J J N
Spirometry J
FeNO J J
Blood eosinophil J J
CC16 J J

108, impulse oscillometry; FeNO, fraction of exhaled nitric oxide; CC16, club cell secretory protein.

could be extended if the number of participants does not
reach the expected sample size or a force majeure event
impacts on the recruitment process. At the initial visit, the
investigators will recruit potential participants based on the
eligibility criteria and ask them to sign the consent form.
For consenting participants, their demographic information
and medical history will be obtained, including but not
limited to sex, exposure to smoke, family history of asthma
or allergy, and allergic disease comorbidities or precursors of
asthma (eczema, allergic rhinitis, or respiratory infections).
A brief physical examination will be performed, asthma
control level will be assessed using the C-ACT or TRACK
questionnaires (28-31), and IOS tests and inflammatory
biomarker measurements will be performed. During the
follow-up period, medical history, physical findings, and
questionnaire results will be collected every 3 months, and
the IOS test will be performed every 6 months. At the final
visit, spirometry, a bronchodilation test, or a challenge
test will be conducted; a definite diagnosis of asthma will
be made following the criteria in GINA 2020 (27). All
biological specimens will be stored in a locked freezer using
identification codes. Tuble 1 provides a summary of the data
to be collected.

Sample size

The following equation will be used to calculate the sample
size of this study:
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2
(Za\lzpq+zﬁ\/poqo+plql) 1]
n=
(p] —Po )2
po: the percentage of preschool children with asthmatic

symptoms and normal lung function who will develop
asthma in adolescence; p;: the percentage of preschool
children with asthmatic symptoms and SAD who will
develop asthma in adolescence, p = (o, + p,)/2, gs=1 - po, 4,
=l-p,q=1-p.

Based on a previous study (32), 8% of children with
normal lung function will develop severe persistent asthma
in later life (p, =0.08), and 27% of children with SAD will
develop severe persistent asthma in later life (p, =0.27).
Assuming a =0.05 (two-tailed), B =0.1, Z,=1.96, Z;=1.282,
drop-out rate =20%, and the number of children with
normal lung function = the number of children with SAD,
the total number of the participants would be 205. We
planned to recruit at least 205 patients for this study.

Data collection methods
Lung function tests

Participants will be asked to stop the use of short-
acting beta-agonists and inhaled corticosteroids (4 h),
anticholinergics, leukotriene modifiers, and long-acting
beta-agonists (24 h) before the measurement.

During the follow-up period, IOS (Masterscreen 10S/
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Sentry Suite, VyAire Medical) will be performed in triplicate
according to the European Respiratory Society (ERS)
guidelines (33,34). During measurements, the children will
be in a sitting position and breath through a mouthpiece
using a nose clip. To minimize pressure losses in the 10S, the
investigator will support the cheek. Respiratory resistance at
5 and 20 Hz (R5 and R20) will be used as indices of total and
large airway resistance, respectively. The difference between
R5 and R20 (R5-R20) will reflect the resistance of the small
airways. Moreover, the following variables will be collected:
reactance at 5 Hz (X5) reflecting the elastic properties of
the small airways and resonant frequency (Fres), determined
as the frequency at which the reactance equals zero (34,35).
The IOS parameters of RS, R20, R5-20, Fres, and X5
will be expressed as z-scores of height- and sex-corrected
reference values (36). SAD will be defined by the exceedance
of the normal reference curve 1.645 standard deviation (SD)
threshold (Z scores + 1.645 SD) (18).

At the final visit, spirometry (Masterscreen Paediatric
PFT) will be conducted in accordance with the ERS
guidelines (37). Forced mid-expiratory flow between 25%
and 75% of forced vital capacity (FEF,;_;;) will be measured
to evaluate the resistance of small airways. Reference values
for spirometry in children, adjusted for height and sex,
will be applied (36). FEF,; ;s <65% of the predicted values
will be indicative of abnormal results. After the baseline
measurements, a bronchodilation test or an outdoor
exercise/methacholine challenge test will be conducted.

Inflammatory biomarkers

FeNO (Exhaled Breath Analyzer, Aerocrine AB, Stockholm,
Sweden) will be performed in duplicate at a standard flow
rate of 50 mL/s for at least 6 s, according to ERS/American
Thoracic Society guidelines (38). The mean values of these
measurements will be recorded as the final result. The upper
limit of normal for FeNO level is considered 23.0 ppb (39).
Peripheral blood eosinophil counts will be obtained from
the standard complete blood counts. Eosinophilia will be
defined as a peripheral blood eosinophil count of >0.4x10"/L
and eosinophils comprising >4% of leukocytes (40). CC16
levels will be measured in serum and/or induced sputum
using a commercially available ELISA kit according to the
manufacturer’s instructions (Sangon Biotech, China).

Asthma control questionnaires

C-ACT is applicable to children aged 4-11 years (28). The
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questionnaire includes 7 questions. Questions 1-4 will
be completed by children on current asthma symptoms,
limitation of physical activities, and symptoms at night (each
scored from 0 to 3). Questions 5-7 will be completed by the
caregivers on day and night wheezing and other symptoms
(each with scores ranging from 0 to 5). The total C-ACT
score ranges from 0 to 27. A higher score indicates better
asthma control. Less than 20 points indicate uncontrolled
asthma (29).

TRACK will be used in children <5 years of age (30).
TRACK is a 5-item standardized questionnaire, with four
questions that address the impairment domain and one
question that addresses the risk domain of asthma control.
Each item is scored from 0 to 20 points on a 5-point Likert-
type scale. The total TRACK score ranges from 0 to 100. A
higher score indicates better asthma control. A score of <80
points suggests uncontrolled asthma (33).

Study withdrawal

Every effort should be made for patient follow up during
the study period, including communicating with the
patients through regular visits, telephone calls or social
media such as WeChat. Following enrollment, participants
may withdraw from follow-up in the study at any time at
their request. If any participant withdraws from the study,
the data before withdrawal will be included in the analysis.
The participant will be required to complete the withdrawal
visit in the case report form. The reasons for withdrawal
will be presented in a summary table.

Data management

The collected data will be entered into the database by two
researchers and will be checked and cleaned by clinicians
and statisticians. All data will be labeled with participant
identification codes, uploaded and stored in the Research
Electronic Data Capture, an online data collection platform (41).

Statistical analysis

Simple descriptive statistics will be used to describe the
enrolled patients. Categorical data will be summarized as
numbers and frequencies. Continuous variables will be
presented as mean + SD or median and interquartile range
(IQR). Differences in the proportions of SAD between
school-age children with and without asthma will be
compared using a two-sided y* test or the Fisher exact tests.
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Differences in means or medians of FeNO, blood eosinophil
count, and CC16 between school-age children with and
without asthma will be compared using two-sided #-tests or
analysis of variance comparisons. We will use a multivariate
logistic regression model to obtain the risk ratios (RR) and
their 95% confidence intervals for developing asthma at
school age and adjusted them for the following potential
confounders: sex, exposure to smoke, family history of
asthma or allergy, and allergic disease comorbidities or
precursors of asthma. The analysis strategy outlined for the
primary outcome will be used as the secondary outcomes.
We will use a single imputation or multiple imputation
to handle missing data according to the guidelines (42).
Statistical significance will be defined as a two-tailed P value
<0.05. Data analyses will be performed using the SPSS
software for Windows, v.22 (SPSS Inc., Chicago, IL, USA).

Data monitoring

The observational study will be conducted in the direction
of the data monitoring committee (DMC). The DMC will
be independent of the sponsor and competing interests. On
a regular basis, the DMC will review the following, but not
exhaustively: patient informed consent, patient recruitment
and follow-up, adverse event documentation and reporting,
statistics, quality of data, and investigator and patient
compliance with protocol requirements.

Risks of study participation

There are minimal risks associated with this study. The
risks of having blood taken include transient pain, bleeding,
bruising, fainting, and rarely, infection or a blood clot
where the needle enters the body. If any study-related
adverse events occur, the investigator will report the event
according to the requirements of the ethics board of the
Children’s Hospital of Chongqing Medical University.

Ethical approval

The study will be conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by ethics board of the Chongqing Medical
University Affiliated Children’s Hospital (No.: 2020-217)
and informed consent will be taken from all individual
participants once the study is initiated. All participants
will be informed of the fullest extent of the study in terms
of understanding. A copy of the signed and dated written
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informed consent form will be provided to the participant.
The confidentiality of all study participants will be
protected in accordance with national regulations and only
investigators will have access to the data.

Dissemination of the study resuilts

We will disseminate the results through multiple ways such
as publication in journals, oral presentations at multiple
conferences, use professional writers to write the reports,
and share all the relevant materials related to the studies
through social media.

Discussion

Identifying the predictors of persistent asthma from
preschool to school age is essential for preventing asthma
progression. Pediatricians aim to find some reliable
predictors, however, few clinical indexes have a good
predictive value (6-8). The airflow limitation and airway
inflammation are the main pathological hallmarks of
asthma. It is reasonable to assume that the objective markers
reflecting airway function and airway inflammation may
have the potential to become reliable predictors of asthma
progression. This study will be the first cohort study to
assess whether SAD combined with airway eosinophilic
biomarkers and CC16 is associated with school-age asthma
in preschool children. In addition, we will use IOS instead
of spirometry to detect the small airway function of
preschool children with asthma. Spirometry is a traditional
method to detect airways function (43). However, preschool
children are difficult to complete spirometry due to poor
cooperation. IOS requires minimal patient cooperation and
is particularly useful to detect small airway changes (44).
The use of IOS will improve the test accuracy of SAD.

Study registration

This study has been registered at the Chinese Clinical
Trial Registry (ChiCTR2000039583) on Nov 1, 2020. We
registered study objectives, eligibility criteria of participants,
study design and setting, outcomes, data collection and
management, and ethical approval.
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