Obstruction phenotype as a predictor of asthma
severity and instability in children
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Background: Small-airways instability resulting in premature
airway closure has been recognized as a risk for asthma severity
and poor control. Although spirometry has limited sensitivity
for detecting small-airways dysfunction, a focus on the
air-trapping component of obstruction might identify a risk
factor for asthma instability.

Objective: We sought to use spirometric measurements to
identify patterns of airway obstruction in children and define
obstruction phenotypes that relate to asthma instability.
Methods: Prebronchodilation and postbronchodilation
spirometric data were obtained from 560 children in the
Asthma Phenotypes in the Inner City study. An air-trapping
obstruction phenotype (A Trpg) was defined as a forced vital
capacity (FVC) z score of less than —1.64 or an increase in FVC
of 10% of predicted value or greater with bronchodilation. The
airflow limitation phenotype (A Limit) had an FEV/FVC z
score of less than —1.64 but not A Trpg. The no airflow
limitation or air-trapping criteria (None) phenotype had neither
A Trpg nor A Limit. The 3 obstruction phenotypes were assessed
as predictors of number of exacerbations, asthma severity, and
airway lability.
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Results: Patients with the A Trpg phenotype (14% of the cohort)
had more exacerbations during the 12-month study compared
with those with the A Limit (P <.03) and None (P <.001)
phenotypes. Patients with the A Trpg phenotype also had the
highest Composite Asthma Severity Index score, the highest
asthma treatment step, the greatest variability in FEV, over
time, and the greatest sensitivity to methacholine challenge.
Conclusions: A Trpg and A Limit patterns of obstruction, as
defined by using routine spirometric measurements, can
identify obstruction phenotypes that are indicators of risk for
asthma severity and instability. (J Allergy Clin Immunol
2017;NEN:EEN-NEN,)
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Variable airway obstruction is a defining characteristic of
asthma, and in recent years, it has become recognized that
different patterns of obstruction can have differing associations
with asthma severity and instability. Gibbons et al' described
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Abbreviations used
A Limit: Airflow limitation phenotype
APIC: Asthma Phenotypes in the Inner City
A Trpg: Air-trapping obstruction phenotype
BMI: Body mass index
CASI: Composite Asthma Severity Index
CL: Confidence limit
FEF,s.75: Forced expiratory flow rate between 75% and 25% of forced
vital capacity
FeNo: Fraction of exhaled nitric oxide
FVC: Forced vital capacity
None: No airflow limitation or air-trapping criteria

different patterns of response to bronchial challenge, as measured
by using spirometry, noting that asthmatic patients with a
prominent decrease in forced vital capacity (FVC) associated
with a 20% reduction in FEV; were more likely to have a history
of frequent exacerbations. They proposed the concept that FEV
can be partitioned into components of airflow limitation repre-
sented as the fraction of vital capacity exhaled in the first second
(FEV /FVC ratio) and airway closure represented as a reduction
in FVC." The association of premature airway closure and
air-trapping with severe asthma and unstable asthma has been
reinforced in multiple studies by using physiologic and imaging
methods to detect air-trapping during periods of stable asthma.””’

Studies from the Severe Asthma Research Program
demonstrated that FEV| can be expressed mathematically as a
hyperbolic function of its airflow limitation and air-trapping
components.’ This approach revealed that the group with severe
asthma had greater air-trapping relative to the group without
severe asthma and that a large bronchodilator reversal of FEV,
was mostly due to a reversal of the air-trapping component.’
Similarly, the Severe Asthma Research Program children with
severe asthma exhibited air-trapping that was mostly reversed
with bronchodilator, whereas the group with nonsevere asthma
had normal lung residual volume and a bronchodilator response
that was reflected only in the airflow limitation component.®
These studies comparing groups defined by severity suggest
that an assessment of airway obstruction patterns also can have
value as a prospective marker of asthma instability and severity
in individual persons.

The Asthma Phenotypes in the Inner City (APIC) study of the
National Institute of Allergy and Infectious Diseases—sponsored
Inner City Asthma Consortium evaluated a large set of variables
among urban children to identify asthma clusters, factors related to
difficulty in achieving asthma control, and the pathways linked to
asthma severity.'”'? In these analyses the level of airway obstruc-
tion, as defined by using FEV; percent predicted values, and its
reversal with bronchodilation contributed significantly to the models
as a risk for severe and difficult-to-control asthma.'%'> However, the
air-trapping component of obstruction was not assessed in these
reports. We hypothesized that a further analysis of APIC data with
regard to obstruction patterns would reveal that subjects with an
air-trapping phenotype detected by using routine spirometry would
exhibit the greatest asthma severity and instability.

METHODS
The APIC study has been described in detail previously.'' Children aged 6
to 17 years with physician-diagnosed asthma were recruited from low-income
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census tracts in 9 urban areas. A requirement for enrollment was a history of
at least 2 episodes in the past 12 months that were treated with a short-acting
B-agonist. After enrollment, participants were followed for 12 months, with
visits scheduled every 2 months for clinical assessments and
protocol-guided adjustments of treatment based on the Expert Panel
Report-3 guidelines."* The protocol was approved by institutional review
boards from each participating center, and written informed consent was
obtained from the legal guardians of participating children.

Defining obstruction phenotypes

Prebronchodilation and postbronchodilation spirometric data from the final
(12-month) visit in the APIC study were used to define the obstruction
phenotypes. The 2012 Global Lung Initiative reference equations'* were used
to generate predicted values and z scores for FEV,, FVC, forced expiratory
flow rate between 75% and 25% of forced vital capacity (FEF,s57s), and
FEV,/FVC ratio. Global Lung Initiative ethnic groupings 1 (white), 2 (black),
and 5 (mixed) were assigned based on responses to the APIC demographics
questionnaires. The fifth percentile of the healthy population is used
conventionally as the lower limit of normal for spirometric variables, which
is also a z score of —1.64. We used a z score of less than —1.64 for our
definitions for consistency with commercial spirometric software reports
that include either lower limit of normal or z score reference points.

Airflow limitation was defined as an FEV /FVC z score of less than —1.64.
Air-trapping was defined as an FVC z score of less than —1.64 or a change in
FVC with bronchodilation of 10% or greater of predicted value (see Fig E1 in
this article’s Online Repository at www.jacionline.org). These definitions
were based on the concept of partitioning FEV, into components of airflow
limitation and air—trapping"5 and that the air-trapping component in asthma
usually improves after bronchodilation.”® The cut point of a 10% predicted
change in FVC was selected arbitrarily, lacking published guidelines for a
minimally important change for this variable. However, a 10% change in
FEV, with bronchodilation in children has diagnostic specificity for asthma'’
and an association with asthma instability'® in children. Because FEV,
changes proportionally with changes in FVC,” our cut point for a change in
FVC should be meaningful.

Spirometry was performed on standardized equipment by trained
technicians and overread centrally by certified pulmonary function
technologists to ensure that the measurements conformed to American
Thoracic Society guidelines.'' Before spirometry was performed, the
participants were questioned to ensure that they had not had a respiratory tract
infection, a cold, or bronchitis in the preceding 4 weeks and that they had not
used short-acting bronchodilators within 8 hours or long-acting
bronchodilators, anticholinergic agents, leukotriene modifiers, or theophylline
within 24 hours.

After baseline spirometry, bronchodilation was achieved with
administration of a total of 4 actuations of an albuterol metered-dose inhaler
with a valved holding chamber. If the criterion for air-trapping was met, the
air-trapping obstruction phenotype (A Trpg) was assigned, and if the airflow
limitation but not the air-trapping criteria were met, the airflow limitation
phenotype (A Limit) phenotype was assigned. The no airflow limitation or
air-trapping criteria (None) phenotype was assigned if neither air-trapping nor
airflow limitation criteria were met. Children with both air-trapping and
airflow limitation were included in the A Trpg phenotype to reflect the
spectrum of airflow patterns associated with air-trapping and to ensure that the
number of subjects with air-trapping was sufficient for meaningful statistical
analyses.

Other APIC study variables

Blood samples were obtained at the initial visit of the APIC study and
processed to obtain blood leukocyte counts, serum total IgE levels, and a panel
of 20 allergen-specific IgE concentrations.'' A panel of 12 common allergens
was also applied as skin prick tests. Allergen sensitization was defined as a
positive skin prick test response or specific IgE level of greater than
0.35 kKU/L, with 22 total allergens tested.'' Allergen sensitizations were
combined further into 7 categories: roaches, pets, rodents, pollens, foods,
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