Original Article

Small Airway Dysfunction by Impulse Oscillometry
in Symptomatic Patients with Preserved Pulmonary

Function

Hwa-Yen Chiu, MD®*, Yi-Han Hsiao, MD?""°*, Kang-Cheng Su, MD?"°, Yu-Chin Lee, MDY, Hsin-Kuo Ko, MD*"-°, and

Diahn-Warng Perng, MID, PhD*°

Taipei and New Taipei City, Taiwan

dysfunction.

What is already known about this topic? Compared with forced expiratory flow between 25% and 75%, impulse
oscillometry (I0OS) is an effort-independent utility to detect small airway dysfunction.

What does this article add to our knowledge? This study provides reference values of I0S parameters, and the 10S

parameter resonant frequency is more sensitive than forced expiratory flow between 25% and 75% to detect small airway

How does this study impact current management guidelines? Patients with respiratory symptoms and preserved
pulmonary function may have small airway dysfunction that can be diagnosed with IOS in addition to spirometry.

BACKGROUND: Asthma and chronic obstructive pulmonary
disease are characterized by persistent airway inflammation and
airflow limitation. Early detection of these diseases in patients
with respiratory symptoms and preserved pulmonary function
(PPF) defined by spirometry is difficult. Impulse oscillometry
(IOS) may have better sensitivity than effort-dependent forced
expiratory flow between 25% and 75% (FEF;se, 750,) to detect
small airway dysfunction (SAD).

OBJECTIVE: To identify SAD in patients with respiratory
symptoms and PPF using 10S.

METHODS: Medical records of symptomatic patients without
acute or known structural lung diseases were evaluated. Patients
had bronchodilator testing and IOS in the outpatient clinic
between March 1 and July 31, 2017. Correlations between
respiratory symptoms, spirometry, and IOS parameters were
determined.
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RESULTS: Among 349 patients enrolled to the study, 255
(73.1%) patients met the criteria of PPF. The IOS parameters—
difference in resistance at 5 Hz and resistance at 20 Hz ,
reactance at 5 Hz, resonant frequency (F,,), and area under
reactance curve between 5 Hz and resonant frequency—were
significantly correlated with FEF,50, 750, The cutoffs for SAD
were difference in resistance at 5 Hz and resistance at 20 Hz
greater than 0.07 kPa/(L/s), reactance at 5 Hz less than —0.12
kPa/(L/s), Fy. greater than 14.14 Hz, and area under reactance
curve between 5 Hz and resonant frequency greater than 0.44
kPa/L. Of the IOS parameters, F,., and reactance at 5 Hz had the
highest sensitivity and specificity. When compared with FEF,s0,.
759> Fres had greater sensitivity to detect SAD in patients with
PPF. Patients with I0S-defined SAD had a significantly higher
incidence of wheeze or sputum production than did those
defined by FEF,50, 750

CONCLUSIONS: Patients with respiratory symptoms and
PPF may have SAD, which can be identified with the aid of
IOS in addition to spirometry. © 2019 American Academy of
Allergy, Asthma & Immunology (J Allergy Clin Immunol Pract
2019;m:m-m)

Key words: Small airway dysfunction; Forced expiratory flow;
Impulse oscillometry; Spirometry; Preserved pulmonary function

INTRODUCTION

Asthma and chronic obstructive pulmonary disease (COPD)
are airway diseases involving the small airways."” Early treat-
ment, even in patients with infrequent symptoms, is associated
with improved long-term outcome and reduced risk of exacer-
bation.>* Diagnosis of early onset asthma and COPD is chal-
lenging, because it is difficult to identify in patients with small
airway dysfunction (SAD) and preserved pulmonary function
(PPF). Symptomatic smokers with PPF have activity limitations,
exacerbations, and evidence of airway disease.” In asthma,
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Abbreviations used
AX- Area under reactance curve between 5 Hz and
resonant frequency
BR- Bronchial reversibility
COPD- Chronic obstructive pulmonary disease
FEF 59, 759,- Forced expiratory flow between 25% and 75%
FVC- Forced vital capacity
F,.s- Resonant frequency
10S- Impulse oscillometry
PPF- Preserved pulmonary function
Rs- Resistance at 5 Hz
Ro- Resistance at 20 Hz
Rs — Ryp- Difference between R5 and R20
SAD- Small airway dysfunction
X- Reactance
Xs- Reactance at 5 Hz
Z- Impedance

peripheral airway resistance is significantly associated with total
airflow obstruction.’

Spirometry is an effort-dependent method to diagnose airflow
limitation.”* Forced expiratory flow after expiration of 25% to
75% of forced vital capacity (FVC) (FEF;504.750,) is used to
evaluate airflow in peripheral airways.”'” A value of FEF,50,.750;
less than 65% predicted is considered abnormal and is more
accurate than FEV, to detect SAD in asthma.'' ™"’

However, the reproducibility and comparability of FEF,se,.
750 are limited if not adjusted for lung volume.'* Various
radiological and physiological tests have been proposed as
noninvasive measurements of small airway function.'” Impulse
oscillometry (I0S), using sound waves at frequencies from 5 to
35 Hz, can assess respiratory mechanics during spontaneous
breathing,'® When compared with spirometry, 108 is an effort-
independent method that is convenient and more sensitive to
detect SAD and correlates with symptoms and disease severity of
asthma and COPD.'”"'® 10S also plays a role in detection of
SAD in patients with dust exposure.'”’

The aim of our study was to identify SAD by IOS in patients
with respiratory symptoms and PPF. Although there is no cri-
terion standard to detect SAD at present, we correlated I0S
parameters with FEF,50, 750, and recruited nonsmoker healthy
subjects for comparison. We further determined the association
between I0S parameters and respiratory symptoms.

METHODS
Study design and data collection

This retrospective study reviewed medical records from adult
patients (>20 years) who underwent both the bronchodilator test
and IOS in the Taipei Veterans General Hospital Pulmonary
Function Laboratory from March 1 to July 31, 2017.

All treatment-naive adults with respiratory symptoms who came
to our clinic were included, and received pulmonary function tests to
detect whether there was a fixed airway obstruction or SAD.
Exclusion criteria were patients with acute exacerbation of respira-
tory disease; pneumonia requiring antibiotics; hospitalization within
the previous month; chronic respiratory infection; and structural
lung diseases, including active or previous tuberculosis, bronchiec-
tasis, interstitial and restrictive lung diseases, arteriovenous malfor-
mation, and surgical intervention of pulmonary lesions, and
asymptomatic patients.
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Moreover, we prospectively recruited never-smokers without a
history of pulmonary diseases such as asthma, COPD, lung nodules,
or interstitial lung diseases and with a normal chest X-ray as refer-
ence of healthy controls.

Baseline demographic variables were collected by chart review,
including sex, age, weight, height, body mass index, smoking status,
and respiratory symptoms including wheeze, cough, sputum pro-
duction, and dyspnea. The definition of PPF included patients who
met the following criteria: FEV,/FVC greater than or equal to 0.7,
FVC greater than 80% predicted, and lack of bronchial reversibility
(BR) to short-acting inhaled drugs.s") An FEV,/FVC value greater
than or equal to 0.7 excludes patients with asthma and COPD, and
an FVC value greater than 80% predicted minimizes misclassifica-
tion of patients with restrictive lung disease. To exclude patients
with asthma, we required a negative BR. Correlation between
spirometry and IOS parameters in symptomatic patients with PPF
was analyzed. SAD was defined as FEFs50; 7505 less than 65% pre-
dicted,'"™™® and cutoff values of I10OS parameters were then
calculated.

The medical records were reviewed independently by 2 pulmo-
nology specialists with assistance of the third specialist if disagree-
ment existed. Our study was approved by the Institutional Review
Board of Taipei Veterans General Hospital.

Spirometry and bronchodilator test

Patients were advised to avoid inhaled bronchodilators 12 hours
before spirometry and reversibility testing. Because forced expiration
can affect resistance and reactance, spirometry was conducted
immediately after IOS. For data analysis, 2 flow-sensing spirometers
(MS-IOS Jaeger, Wiirzburg, Germany, and Vmax 22 SensorMedics,
Yorba Linda, Calif) connected to a computer were used. From the
forced expiratory flow-volume curve, we measured peak expiratory
flow, forced expiratory flow after expiration of 50% of FVC,
FEF,50,.7506> FVC, and FEV,. The percentage of predicted indices
was obtained. Patients underwent spirometry before and 15 minutes
after inhaling salbutamol (400 Jig) from a metered-dose inhaler with
a valve-bearing spacer device. The BR was positive if FEV; or FVC
or both improved 12% and 200 mL when compared with baseline
values. The equipment was calibrated twice a day.

Impulse oscillometry

The 1I0S was conducted using combined spirometry and 10S
equipment (MS-IOS Jaeger) according to the protocols of the Eu-
ropean Respiratory Society.”””' No premedication was given before
IOS. Nasal clips and manual compression of the cheeks were used to
reduce the confounding factors of cheek vibration and escape of air
via the nostrils. Patients breathed quietly, through a loudspeaker-
activated mouthpiece, for 30 to 45 seconds without contraction of
the glottis or interposition of the tongue. The loudspeaker emitted
120 to 150 pulses varying from 5 to 35 Hz in frequency and
overlapping normal breathing sounds (0.2-2 Hz). The resulting
pressure and flow rates allow calculation of airway impedance (2).
Airway impedance includes total resistance of the respiratory system
(R.), and reactance (X), which is resistance to inertia and elasticity of
the tissues of the respiratory tract. Although R, at different fre-
quencies reflects total resistance (resistance at 5 Hz [Rs]) or central
airway resistance (resistance at 20 Hz [Ry]), the difference between
Rs and Ry (Rs — Ryp) reflects the resistance of small or peripheral
Resonant frequency (Fs) represents the frequency at
which reactance is 0, indicating that the elastic and inert properties
are equal and opposite. The area under reactance curve between 5

. 16
airways.



J ALLERGY CLIN IMMUNOL PRACT
VOLUME M, NUMBER B

629 patients underwent spirometry, BDT and 10S

349 patients I

271 patients with
FEV1/FVC>0.7

255 patients
with negative BR
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6 asymptomatic patients

19 patients with recent pneumonia

4 patients with active or previous tuberculosis
203 patients with restrictive lung diseases

34 patients with bronchiectasis

2 patients with acute exacerbation

5 patients with interstitial lung diseases

5 patients with other structural lung diseases

78 patients with
FEV1/FVC<0.7

16 patients
with positive BR

62 patients
with negative BR

16 patients
with positive BR

FIGURE 1. Enroliment of study population. BDT, Bronchodilator test.

TABLE I. Demographic characteristics of the study population

Nonobstructive group (FEV./FVC = 0.7)

Obstructive group (FEV,/FVC < 0.7)

Characteristic BR (—) (N = 255) BR (+) (N = 16) BR (—) (N = 62) BR (+) (N = 16) P value
Age (y) 56 (41-64) 59 (51-70) 67 (62-75) 63 (56-80) <.01
Height (cm) 165 (158-170) 160 (157-167) 162 (157-167) 164 (159-173) .19
Weight (kg) 65 (56-75) 68 (57-77) 63 (57-70) 62 (54-78) .62
BMI (kg/m?) 24.3 (21.7-26.8) 25.8 (23.1-28.1) 24 (21.9-26.1) 22.8 (20.7-26.4) .30
Sex: male, n (%) 133 (52.2) 7 (43.8) 44 (71.0) 11 (68.8) .03
Smoking, n (%) 87 (34.1) 4 (25) 32 (51.6) 9 (56.3) .02
Symptoms, n (%)
Wheeze 34 (13.3) 0 (0) 3(4.8) 3 (18.8) .10
Cough 180 (70.6) 12 (75) 42 (67.7) 10 (62.5) .85
Sputum 120 (47.1) 8 (50) 36 (58.1) 7 (43.8) 46
Dyspnea 119 (46.7) 5(3L.3) 42 (67.7) 9 (56.3) .01
Pulmonary function test
FEV,/FVC 0.82 (0.78-0.86) 0.77 (0.72-0.78) 0.63 (0.56-0.66) 0.58 (0.52-0.65) <.01
FEV, (L/s) 2.70 (2.16-3.22) 1.95 (1.76-2.35) 1.84 (1.54-2.13) 1.70 (1.3-2.08) <.01
FEV, (% predicted) 99.87 £+ 12.36 86.86 £+ 14.26 80.12 £+ 144 72.82 £ 16.97 <.01
FVC (L/s) 3.30 (2.68-3.95) 2.66 (2.25-3.15) 3.11 (2.54-3.58) 2.97 (2.67-3.47) <.01
FVC (% predicted) 96.1 (88-104.2) 86.4 (82.6-91.5) 97.1 (90.6-107.9) 89.6 (84.6-101.2) <.01
PEF (% predicted) 90.6 £ 17.78 75.53 £ 12.53 64.93 £ 17.72 55.31 £ 10.55 <.01
FEF;59,.759, (% predicted) 82.09 + 25.65 59.34 + 28.39 29.89 £ 9.3 30.69 + 13.68 <.01
FEFs0q, (% predicted) 96.54 £ 30.17 66.83 £ 25.14 35.62 £ 12.03 3439 £ 1743 <.01
10S
Rs [kPa/(L/s)] 0.36 (0.3-0.45) 0.36 (0.32-0.5) 0.41 (0.34-0.53) 0.41 (0.34-0.52) .03
Rs — Ry [kPa/(L/s)] 0.07 (0.04-0.11) 0.07 (0.02-0.14) 0.11 (0.08-0.17) 0.14 (0.1-0.18) <.01
Xs [kPa/(L/s)] —0.1 (=0.13 to —0.07) —0.11 (-0.16 to —0.05) —0.15 (-=0.21 to —0.11) —0.19 (-0.22 to —0.15) <.01
F,.s (Hz) 14.17 (10.66-16.72) 15.87 (11.72-18.19) 17.35 (15.46-21.06) 18.17 (17.08-21.39) <.01
AX (kPa/L) 0.4 (0.2-0.7) 0.56 (0.23-1.29) 0.9 (0.54-1.66) 1.15 (0.94-1.83) <.01
FEF;s5¢,759, <65% predicted, n (%) 64 (25.1) 10 (62.5) 62 (100) 16 (100) <.01

BMI, Body mass index; FEFs,q, forced expiratory flow at expiration of 50% of FVC; PEF, peak expiratory flow.
The data are described using mean (SD) for normally distributed variables and median (interquartile range) for nonnormally distributed variables. P value is for 1-way ANOVA

for 4 groups.
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Correlation between spirometry and I0S parameters in patients with PPF (N = 255)

TABLE II.

FEF259,-759% (% predicted) FEF759, (% predicted) FEFs509, (% predicted) FEF 259, (% predicted)

FVC (% predicted) PEF (% predicted)

FEV, (% predicted)

P value
<.01

P value

P value
<.01

P value

P value r P value
—0.11

<.01

P value

10S parameter
Rs — Ry

Xs

—0.15% .01 —0.187

0267
—0.14%

—0.13*

.10
.09

.03 —0.217

—0.14*

22
<.01

0.08
—0.177
—0.177

15
<.01

0.09
—0.207
—0.16*

.03

.02

0.15%
—0.217
—0.187

0.11
—0.11

—0.14%

.07
<.01
<.01

0.11
—-0.277
—0.227

.03
<.01

<.01

0.13*
—0.22¢
~0.167

01 0.06 .34
<.01

<4
<.01

11

.04

F, res

<.

.01

0.227+

AX

FEF ;54,, Forced expiratory flow at expiration of 75% of FVC; FEFs,q, forced expiratory flow at expiration of 50% of FVC; FEF,s, forced expiratory flow at expiration of 25% of FVC; PEF, peak expiratory flow.

*P < .05.

TP < .01.
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Hz and the resonant frequency is AX, known as the “Goldman

22

Triangle,””" indicating an index related to respiratory compliance
and small airways patency.”” We evaluated the following 10S pa-
rameters: Rs — Ry, reactance at 5 Hz (X5), Fi, and AX. The

morphology of R and X graphs was evaluated.

Statistical analysis

The distribution of variables was assessed by means of
Kolmogorov-Smirnov goodness-of-fit test. Variables are expressed as
mean + SD or median (interquartile range). One-way ANOVA,
Kruskal-Wallis test, and Pearson ')(2 test were used for comparisons.
Pearson correlation coefficient (7) was used to examine relationships
between measures. With FEF 50, 759, less than 65% as the threshold
value for small airway disease, the receiver-operating characteristic
curve method was used to plot the true-positive rate (sensitivity) as a
function of the false-positive rate (1 — specificity) for different cutoff
points of IOS parameters. A value of P less than .05 was considered
significant.

RESULTS
Screening algorithm and
characteristics of the study population
Of the 627 individuals with respiratory symptoms and results
from both the bronchodilator test and 1I0S, 278 were excluded
(Figure 1). The remaining 349 patients were divided into 4
groups on the basis of airflow obstruction (FEV,/FVC < 0.7)
and BR. The 4 groups were as follows: nonobstructive == BR and
obstructive = BR. In the nonobstructive group (271 of 349
[77.7%]), 255 patients had PPF without BR. The other 16
patients (16 of 271 [6%]) had BR. In the obstructive group, 62
patients had BR and 16 patients did not have BR (Figure 1).
Demographic characteristics are presented in Table I. When
compared with the nonobstructive group, individuals in the
obstructive group were more likely to be older and male, with a
history of smoking and dyspnea. Patients in the nonobstructive
group had better lung function and lesser small airway resistance.
All patients in the obstructive group had SAD (100%). In
contrast, in the nonobstructive group, 25.1% of patients without
BR and 62.5% with BR had SAD (Table I). The between-group
analysis of patients without BR in obstructive and nonobstructive
groups is presented in Table El in this article's Online Re-
pository at www.jaci-inpractice.org and the analysis of patients in
nonobstructive group is presented in Table E2 in this article's
Online Repository at www.jaci-inpractice.org. The clinical
diagnosis was made using chest X-ray, bronchodilator test, IOS,
and allergen test, if indicated, and medication was given after the
completion of the aforementioned tests. The data are presented
in Table E3 in this article’s Online Repository at www.jaci-
inpractice.org.

demographic

Correlation between I0S and spirometric parameters

In symptomatic patients with PPF, the FEV| and FEF,50; 7504
significantly correlated with IOS parameters (Table II). With
SAD defined as FEF,s50, 750, less than 65% predicted, the cutoffs
for I0S-defined SAD were as follows: Rs — Ry greater than 0.07
kPa/(L/s), X5 less than —0.12 kPa/(L/s), F,., greater than 14.14
Hz, and AX greater than 0.44 kPa/L. Among IOS parameters,
F.s had a higher sensitivity (75.0%; area under the curve, 0.69)
and X5 a higher specificity (77.5%; area under the curve, 0.64)
for diagnosing SAD (Table III and Figure E1 in this article's

Online Repository at www.jaci-inpractice.org).
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TABLE Illl. Cutoff values of SAD-related |IOS parameters in patients with PPF (N = 255)

10S parameter Cutoff value Sensitivity (%) Specificity (%) LR (+) LR (—) AUC Youden index P value
Rs — Ry >0.07 62.5 59.7 1.55 0.63 0.62 0.22 <.01
Xs <-0.12 46.9 71.5 2.08 0.69 0.64 0.24 <.01
Flres >14.14 75.0 57.9 1.78 0.43 0.69 0.33 <.01
AX >0.44 65.6 61.9 1.72 0.56 0.67 0.28 <.01

AUC, Area under curve; LR, likelihood ratio.

TABLE IV. Characteristics of healthy controls and symptomatic patients with PPF and SAD defined as FEF59, 750, < 65% predicted

(N =43)*

Characteristic Healthy controls (N = 43) Symptomatic patients with PPF and SAD (N = 43) P value
Age (y) 55 (42-63) 5 7 (46-66) 0.47
Sex: male, n (%) 21 (48.84) 21 (48.84) 1
Height (cm) 165 (159-172) 164 (156-170) 0.39
Smoking, n (%) 0 (0.00) 10 (23.26) <0.01
FEV; (% predicted) 101.24 (94.12-108.52) 86.89 (82.05-92.25) <0.01
FVC (% predicted) 101.14 (89.56-107.99) 92.94 (85.16-101.23) 0.02
FEF;5¢,759, (% predicted) 83.47 (72.65-100.07) 53.55 (45.71-59.26) <0.01
Rs — Ry [kPa/(L/s)] 0.07 (0.04-0.09) 0.09 (0.05-0.15) 0.03
Xs [kPa/(L/s)] —0.09 (-0.13 to —0.07) —0.11 (—=0.14 to —0.08) 0.11
F.s (Hz) 13.14 (10.53-14.9) 15.33 (13.36-18.92) <0.01
AX (kPa/L) 0.34 (0.16-0.57) 0.49 (0.28-1.05) <0.01

The data are described using mean (SD) for normally distributed variables and median (interquartile range) for nonnormally distributed variables.

*Matched by age and sex.

Comparison of patients with PPF and SAD with
healthy controls

To highlight the unique characteristics of these symptomatic
patients with PPF, we recruited 48 healthy subjects for com-
parison. An age- and sex-matched comparison between 43
healthy controls and symptomatic patients with PPF and SAD
(defined by FEF,se, 750 < 65% predicted) is presented in
Table IV. The spirometric values and most 10S parameters
(except X5) were different between symptomatic patients with
PPF and SAD and healthy controls.
Association between SAD
respiratory symptoms

Compared with FEF;50, 7506, Rs — Ra0, and X5, a cutoff value
of greater than 14.14 Hz for F could detect more SAD in the
nonobstructive group (Table V). As determined by F.;, X5, and
Rs — Ry, the incidence of symptoms, including wheezes and
sputum, was significantly higher in those with SAD than in those
without SAD. FEFys5¢,750, failed to idendfy differences
(see Table E4 in this article’s Online Repository at www.jaci-
inpractice.org).

parameters and

DISCUSSION

This study provides information on identifying patients with
respiratory symptoms and PPF who may have SAD. When
compared Wlth FEFZS%,75%, R5 — Rz(), and X;, thC 10S
parameter F, had improved sensitivity to detect SAD in the
nonobstructive group. The incidence of symptoms including
wheezes and sputum was significantly higher in those with SAD
than in those without SAD determined by F., Xs, and
Rs — Ryq. Differences were not detected with FEF,50;_750,. The
10S parameters, particularly £, may be markers to detect distal

airway function, which might be affected by inflammation in
early asthma, COPD, or dust/fumes exposure.

SAD, resulting from small airway inflammation and remod-
eling, is important in the pathogenesis of asthma and COPD."”
The presence of SAD is associated with increased disease
severity, poorer symptom control, and risk of exacerba-
tion.! /182425 The spirometric parameter FEF,50, 750, with the
cutoff value of 65% predicted has been used to predict
SAD,"""® and is considered an early marker of bronchial
impairment in patients with seasonal allergic rhinitis.”® It could
be useful to predict bronchial hyperreactivity in patients with
allergic asthma and rhinitis.”” However, the reproducibility and
comparability of FEF,s0, 750, are limited when not adjusted by
lung volume.'* Lung volume is largely influenced by inadequate
effort in elderly and children.

IOS, an alternative technique to detect small airway resistance
and elastance directly, is effort-independent and highly sensitive.
This technique can be used in the diagnosis of asthma in young
children®® and COPD in geriatric patients,”” and has the
advantage of high sensitivity’”’" and good correlation to the
spirometry parameters FEV, and FEF,s9,750,."  In heavy
smokers and patients with early-stage COPD, Su et al™
demonstrated that F,., and Rs — Ry, correlated well with
small-airway morphological abnormalities assessed by endo-
bronchial optical coherence tomography. Exposure to maternal
smoking during pregnancy and adolescent smoking increase
peripheral airway resistance measured by 10S indices.”

However, it is not surprising that the correlation between
spirometry and IOS parameters is not strong because spirometry
is an effort-dependent measurement in contrast to effort-
independent 10S. Rs — Ry is the only I0S parameter
currently applied for the diagnosis of SAD.'®"” In this study, we
provided the cutoffs for the other parameters—Xs, F., and
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TABLE V. Incidence of SAD defined by FEF,54,.759, and I0S parameters

Nonobstructive group (FEV,/FVC = 0.7)

Obstructive group (FEV4/FVC < 0.7)

Small airway parameter BR (=) (N = 255)

BR (+) (N = 16)

BR (—) (N = 62) BR (+) (N = 16)

FEF,5¢,.759, <65% predictted, n (%) 64 (25.1)
Rs — Ry > 0.07, n (%) 127 (49.8)
X5 < —0.12, n (%) 74 (29.0)
Fres > 14.14 Hz, n (%) 128 (50.2)
AX > 0.44, n (%) 111 (43.5)

10 (62.5) 62 (100) 16 (100)
7 (43.8) 50 (80.6) 14 (87.5)
7 (43.8) 39 (62.9) 14 (87.5)

11 (68.8) 54 (87.1) 15 (93.8)

10 (62.5) 51 (82.3) 15 (93.8)

AX—to consider the diagnosis of SAD because there is no cri-
terion standard at present.

The previous cutoff value for SAD in patients who are exposed
to dust/fumes'” and have COPD with different severity'® was
Rs — Ry greater than 0.07 kPa/(L/s). In our study, with FEV,/
FVC less than 0.7 (obstructive group), 82.1% of patients had
Rs — Ry greater than 0.07. In comparison to the nonobstructive
group, the peripheral resistance Rs — Ry, was significantly higher
and the midexpiratory flow FEF,50, 750, was significantly lower.
Our results were different from those reported by Crisafulli
et al'® who reported that 73.8% of all patients with COPD have
SAD as defined by Rs — Ry greater than 0.07.

However, in the study designed to detect early COPD, self-
reported symptoms were associated with higher values of
Rs — Ry, X5, and AX among subjects with or without COPD.
These results are consistent with our report, suggesting that IOS
may detect SAD associated with COPD  earlier than
spirometry.35

SAD has been associated with excessive bronchoconstriction,
presented as wheezing, in patients with asthma.”® Van der Wiel
et al’’ reported that higher scores on wheezing were signifi-
cantly associated with higher values of IOS parameters,
including Rs — R,y and AX. These results are compatible with
our finding that Rs — Ry, X5, Fres, and AX were significantly
correlated with symptoms of wheezing and sputum production.
Furthermore, in male smokers without or with mild COPD,
airway wall thickening determined by computed tomography
was associated with more wheezing and lower FEV},”" sug-
gestive of SAD.

Among the IOS parameters, F., has the best diagnostic
performance in comparison to Rs — Ry, X5, and AX. While
Fies was set at 14.14 Hz determined by the receiver-operating
characteristic curve method, the incidence of SAD in the
nonobstructive group was 51.3% compared with 49.4%
determined by Rs — Ry greater than 0.07, 29.9% by X;s less
than —0.12, and 44.6% by AX greater than 0.44. Resonant
frequency had the highest sensitivity to detect SAD in the
obstructive group. In addition, F,., had better correlation to
FEV, and FEF;s5¢; 759, when compared with the other IOS
parameters, suggesting that Fs could be a promising marker to
detect distal airway function.

Our study had several limitations. First, there is no criterion
standard to diagnose SAD. The SAD in symptomatic patients
with or without airway obstruction was defined by FEF,s0, 750,
and IOS parameters. The sensitivity and specificity of I0S pa-
rameters were measured with SAD defined by FEF;50;.750, less
than 65% predicted. Second, this was a retrospective study and
subjects may have had early asthma, COPD, bronchits, or
exposure to smoke or dust/fumes. The causes of SAD were
heterogeneous, which might reflect the variation in IOS

parameters. Third, respiratory symptoms were recorded as cate-
gorical variables rather than continuous variables using the
St George’s Respiratory Questionnaire or COPD assessment
tests. For example, either dyspnea at rest or dyspnea with exercise
was captured as symptom “dyspnea” from the medical record of
the outpatient department. Finally, we did not have treatment
responses for I0S-defined SAD. The next step required is to
investigate the pathogenesis of these SADs and to determine the
patients’ response to what kind of treatment and the improve-
ment in IOS parameters.

CONCLUSIONS

This study provides reference values of 10S parameters, and
the IOS parameter F,., is more sensitive than FEF;s0, 750, to
detect SAD. Patients with respiratory symptoms and PPF may
have SAD, which can be diagnosed with I0S in addition to
spirometry.

Acknowledgment

We acknowledge Taipei Veterans General Hospital-National
Yang-Ming University Excellent Physician Scientists Cultivation
Program (No. 107-V-B-038).

REFERENCES

1. Burgel PR, de Blic J, Chanez P, Delacourt C, Devillier P, Didier A, et al.
Update on the roles of distal airways in asthma. Eur Respir Rev 2009;18:
80-95.

2. Hogg JC, Chu F, Utokaparch S, Woods R, Elliott WM, Buzatu L, et al. The
nature of small-airway obstruction in chronic obstructive pulmonary disease.
N Engl J Med 2004;350:2645-53.

3. Reddel HK, Busse WW, Pedersen S, Tan WC, Chen YZ, Jorup C, et al. Should
recommendations about starting inhaled corticosteroid treatment for mild
asthma be based on symptom frequency: a post-hoc efficacy analysis of the
START study. Lancet 2017;389:157-66.

4. Zhou Y, Zhong NS, Li X, Chen S, Zheng J, Zhao D, et al. Tiotropium in early-
stage chronic obstructive pulmonary disease. N Engl J Med 2017;377:923-35.

5. Woodruff PG, Barr RG, Bleecker E, Christenson SA, Couper D, Curtis JL, et al.
Clinical significance of symptoms in smokers with preserved pulmonary func-
tion. N Engl J Med 2016;374:1811-21.

6. Yanai M, Sekizawa K, Ohrui T, Sasaki H, Takishima T. Site of airway
obstruction in pulmonary disease: direct measurement of intrabronchial pres-
sure. J Appl Physiol 1992;72:1016-23.

7. Global Initiative for Asthma. 2018 GINA Report, Global Strategy for Asthma
Management and Prevention. 2018. Available from: https://ginasthma.org/gina-
reports/. Accessed October 19, 2018.

8. Global Initiative for Chronic Obstructive Lung Disease. 2018 Global Strategy
for Prevention, Diagnosis and Management of COPD. 2018. Available from:
https://goldcopd.org/gold-reports/. Accessed October 19, 2018.

9. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al,
ATS/ERS Task Force. Standardisation of spirometry. Eur Respir J 2005;26:
319-38.

10. Konstantinos Katsoulis K, Kostikas K, Kontakiotis T. Techniques for assessing
small airways function: possible applications in asthma and COPD. Respir Med
2016;119:e2-9.


http://refhub.elsevier.com/S2213-2198(19)30608-7/sref1
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref1
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref1
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref2
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref2
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref2
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref3
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref3
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref3
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref3
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref4
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref4
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref5
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref5
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref5
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref6
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref6
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref6
https://ginasthma.org/gina-reports/
https://ginasthma.org/gina-reports/
https://goldcopd.org/gold-reports/
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref9
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref9
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref9
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref10
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref10
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref10

J ALLERGY CLIN IMMUNOL PRACT
VOLUME M, NUMBER B

11.

12.

13.

14.

15.

16.

19.

20.

21.

22.

23.

24.

Ciprandi G, Capasso M, Tosca M, Salpietro C, Salpietro A, Marseglia G, et al.
A forced expiratory flow at 25-75% value <65% of predicted should be
considered abnormal: a real-world, cross-sectional study. Allergy Asthma Proc
2012;33:e5-8.

Shi Y, Aledia AS, Tatavoosian AV, Vijayalakshmi S, Galant SP, George SC.
Relating small airways to asthma control by using impulse oscillometry in
children. J Allergy Clin Immunol 2012;129:671-8.

Wang X, Dockery DW, Wypij D, Gold DR, Speizer FE, Ware JH, et al. Pul-
monary function growth velocity in children 6 to 18 years of age. Am Rev
Respir Dis 1993;148:1502-8.

Garcia G, Perez T, Verbanck S. Functional measurements of the peripheral
airways in COPD. Rev Mal Respir 2012;29:319-27.

Cottini M, Lombardi C, Micheletto C. Small airway dysfunction and bronchial
asthma control: the state of the art. Asthma Res Pract 2015;1:1-13.

Bickel S, Popler J, Lesnick B, Eid N. Impulse oscillometry: interpretation and
practical applications. Chest 2014;146:841-7.

. Anderson WJ, Zajda E, Lipworth BJ. Are we overlooking persistent small

airways dysfunction in community-managed asthma? Ann Allergy Asthma
Immunol 2012:109:185-9.

. Crisafulli E, Pisi R, Aiello M, Vigna M, Tzani P, Torres A, et al.

Prevalence of small-airway dysfunction among COPD patients with
different GOLD stages and its role in the impact of disease. Respiration
2017;93:32-41.

Oppenheimer BW, Goldring RM, Herberg ME, Hofer IS, Reyfman PA,
Liautaud S, et al. Distal airway function in symptomatic subjects with normal
spirometry following World Trade Center dust exposure. Chest 2007;132:
1275-82.

Oostveen E, MacLeod D, Lorino H, Farré R, Hantos Z, Desager K, et al. ERS
Task Force on Respiratory Impedance Measurements. Eur Respir J 2003;22:
1026-41.

Beydon N, Davis SD, Lombardi E, Allen JL, Arets HG, Aurora P, et al. An
official American Thoracic Society/European Respiratory Society statement:
pulmonary function testing in preschool children. Am J Respir Crit Care Med
2007;175:1304-45.

Meraz EG, Nazeran H, Ramos CD, Nava P, Diong B, Goldman MD, et al.
Analysis of impulse oscillometric measures of lung function and respiratory
system model parameters in small airway-impaired and healthy children over a
2-year period. Biomed Eng Online 2011;10:21.

Brashier B, Salvi S. Measuring lung function using sound waves: role of the
forced oscillation technique and impulse oscillometry system. Breathe (Sheff)
2015;11:57-65.

Lipworth B, Manoharan A, Anderson W. Unlocking the quiet zone: the small
airway asthma phenotype. Lancet Respir Med 2014;2:497-506.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

38.

CHIUETAL 7

Haruna A, Oga T, Muro S, Ohara T, Sato S, Marumo S, et al. Relationship
between peripheral airway function and patient-reported outcomes in COPD: a
cross-sectional study. BMC Pulm Med 2010;10:10.

Ciprandi G, Cirillo I, Klersy C, Marseglia GL, Vizzaccaro A,
Pallestrini E, et al. Role of FEF25-75 as an early marker of bronchial
impairment in patients with seasonal allergic rhinitis. Am J Rhinol 2006;
20:641-7.

Cirillo I, Klersy C, Marseglia GL, Vizzaccaro A, Pallestrini E, Tosca M, et al.
Role of FEF25%-75% as a predictor of bronchial hyperreactivity in allergic
patients. Ann Allergy Asthma Immunol 2006;96:692-700.

Song TW, Kim KW, Kim ES, Park JW, Sohn MH, Kim KE. Utility of impulse
oscillometry in young children with asthma. Pediatr Allergy Immunol 2008;19:
763-8.

LiuZ, Lin L, Liu X. Clinical application value of impulse oscillometry in geriatric
patients with COPD. Int J Chron Obstruct Pulmon Dis 2017;12:897-905.
Galant SP, Komarow HD, Shin HW, Siddiqui S, Lipworth BJ. The case for
impulse oscillometry in the management of asthma in children and adults. Ann
Allergy Asthma Immunol 2017;118:664-71.

Lipworth BJ, Jabbal S. What can we learn about COPD from impulse oscill-
ometry? Respir Med 2018;139:106-9.

Wei X, Shi Z, Cui Y, Mi J, Ma Z, Ren J, et al. Impulse oscillometry system as
an alternative diagnostic method for chronic obstructive pulmonary disease.
Medicine (Baltimore) 2017;96:e8543.

Su ZQ, Guan WJ, Li SY, Ding M, Chen Y, Jiang M, et al. Significances of
spirometry and impulse oscillometry for detecting small airway disorders
assessed with endobronchial optical coherence tomography in COPD. Int J
Chron Obstruct Pulmon Dis 2018;13:3031-44.

Thacher JD, Schultz ES, Hallberg J, Hellberg U, Kull I, Thunqvist P, et al.
Tobacco smoke exposure in early life and adolescence in relation to lung
function. Eur Respir J 2018;51:10702111.

Usmani OS, Singh D, Spinola M, Bizzi A, Barnes PJ. The prevalence of small
airways disease in adult asthma: a systematic literature review. Respir Med
2016;116:19-27.

Alfieri V, Aiello M, Pisi R, Tzani P, Mariani E, Marangio E, et al. Small airway
dysfunction is associated to excessive bronchoconstriction in asthmatic patients.
Respir Res 2014;15:86.

. Van der Wiel E, Postma DS, van der Molen T, Schiphof-Godart L, Ten

Hacken NH, van den Berge M. Effects of small airway dysfunction on the
clinical expression of asthma: a focus on asthma symptoms and bronchial hyper-
responsiveness. Allergy 2014;69:1681-8.

Mohamed Hoesein FA, Schmidt M, Mets OM, Gietema HA, Lammers JW,
Zanen P, et al. Discriminating dominant computed tomography phenotypes in
smokers without or with mild COPD. Respir Med 2014;108:136-43.


http://refhub.elsevier.com/S2213-2198(19)30608-7/sref11
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref11
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref11
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref11
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref11
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref12
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref12
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref12
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref13
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref13
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref13
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref14
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref14
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref15
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref15
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref16
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref16
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref17
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref17
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref17
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref18
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref18
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref18
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref18
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref19
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref19
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref19
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref19
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref20
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref20
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref20
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref21
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref21
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref21
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref21
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref22
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref22
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref22
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref22
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref23
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref23
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref23
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref24
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref24
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref25
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref25
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref25
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref26
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref26
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref26
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref26
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref27
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref27
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref27
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref28
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref28
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref28
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref29
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref29
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref30
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref30
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref30
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref31
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref31
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref32
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref32
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref32
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref33
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref33
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref33
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref33
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref34
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref34
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref34
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref35
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref35
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref35
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref36
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref36
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref36
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref37
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref37
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref37
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref37
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref38
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref38
http://refhub.elsevier.com/S2213-2198(19)30608-7/sref38

7.e1

CHIU ET AL

ONLINE REPOSITORY

Sensitivity

Sensitivity

100 |
80 -
60 |
40 R5-R20>0.07
: Sensitivity=62.5%
[ . Specificity=59.7%
20 AUC=0.640
: p=0.0005
0 I . o 1 1 P |
0 20 40 60 80 100
100-Specificity
100 |-
80 |
60 |
[ Fres>14.14
40 Sensitivity=75.0%
Specificity=57.9%
20 4 AUC=0.685
P<0.0001
0 L " TR T | NI (T Y |
0 20 40 60 80 100

100-Specificity

Sensitivity

Sensitivity

100

80

(]
o

S
o

N
o

J ALLERGY CLIN IMMUNOL PRACT

X5<-0.12

100

80

2]
o

B
o

N
o

Sensitivity=46.9%
Specificity=77.5%
4 AUC=0.622
p=0.0034
1 1 a1
0 20 40 60 80 100
100-Specificity

n AX>0.44
Sensitivity=65.6%
Specificity=61.9%
. AUC=0.667
P<0.0001
bl o a b g g g Lag g a1 4 5 5 1
0 20 40 60 80 100

100-Specificity

MONTH 2019

FIGURE E1. Small airway dysfunction defined by FEF,5. 759, < 65% predicted detected by impulse oscillometry (I0S) parameters. AUC,

Area under curve.
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TABLE E1. Between-group analysis with Scheffe method in patients without BR
Characteristic Nonobstructive group (N = 255) Obstructive group (N = 62) P value
Age (y) 53 + 16.1 68.2 + 9.7 <.01
Height (cm) 1639 + 8.9 161.8 £ 8 40
Weight (kg) 67 £ 13.7 64.1 £ 114 47
BMI (kg/mZ) 249 £ 43 244 + 3.7 .81
Sex: male, n (%) 133 (52.2) 44 (71) .01
Smoking, n (%) 87 (34.1) 32 (51.6) .01
Symptoms, n (%)
Wheeze 34 (13.3) 3(4.8) .06
Cough 180 (70.6) 42 (67.7) .66
Sputum 120 (47.1) 36 (58.1) 12
Dyspnea 119 (46.7) 42 (67.7) <.01
Chest tightness 91 (35.7) 17 (27.4) 22
Pulmonary function test
FEV,/FVC 0.82 £ 0.06 0.6 + 0.09 <.01
FEV,, % predicticted 99.87 + 12.36 80.12 £+ 144 <.01
FVC, % predicted 97.13 £+ 11.06 99.5 £+ 12.08 .53
PEF, % predicted 90.6 + 17.78 64.93 + 17.72 <.01
FEF,59,.75%,, % predicted 82.09 £ 25.65 29.89 +£9.3 <.01
FEFs50q, % predicted 96.54 + 30.17 35.62 + 12.03 <.01
Rs — Ry [kPa/(L/s)] 0.08 £+ 0.07 0.14 £ 0.11 <.01
Xs [kPa/(L/s)] —0.1 £ 0.06 —0.18 £ 0.13 <.01
F.s (Hz) 14.59 + 5.66 18.53 + 541 <.01
AX (kPa/L) 0.56 £ 0.54 1.32 £ 1.24 <.01
BMI, Body mass index; FEFsgq, forced expiratory flow at expiration of 50% of FVC; PEF, peak expiratory flow.
The data are described using mean (SD) for normally distributed variables and median (interquartile range) for nonnormally distributed variables.
TABLE E2. Between-group analysis with Scheffe method in patients without airflow limitation
Characteristic BR (—) (N = 255) BR (+) (N = 16) P value
Age (y) 53 £ 16.1 57.6 £ 19.1 0.72
Height (cm) 163.9 + 8.9 161.7 £ 7.3 0.80
Weight (kg) 67 £ 13.7 66.9 £+ 10.4 1.00
BMI (kg/mz) 249 £ 43 255+ 34 0.94
Sex: male, n (%) 133 (52.2) 7 (43.8) 0.51
Smoking, n (%) 87 (34.1) 4 (25) 0.45
Symptoms, n (%)
Wheeze 34 (13.3) 0 (0) 0.12
Cough 180 (70.6) 12 (75) 0.71
Sputum 120 (47.1) 8 (50) 0.82
Dyspnea 119 (46.7) 5 (31.3) 0.23
Chest tightness 91 (35.7) 4 (25) 0.39
Pulmonary function test
FEV,/FVC 0.82 £ 0.06 0.77 £ 0.06 0.05
FEV,, % predicted 99.87 + 12.36 86.86 + 14.26 <0.01
FVC, % predicted 97.13 £ 11.06 87.74 £ 6.22 0.02
PEF, % predicted 90.6 + 17.78 75.53 + 12.53 0.01
FEF,59,.75%,, % predicted 82.09 £ 25.65 59.34 + 28.39 <0.01
FEFs5, % predicted 96.54 + 30.17 66.83 + 25.14 <0.01
Rs — Ry [kPa/(L/s)] 0.08 £+ 0.07 0.09 + 0.08 0.99
X5 [kPa/(L/s)] —0.1 = 0.06 —0.11 £ 0.07 0.95
F.es (Hz) 14.59 + 5.66 15.05 + 4.72 0.99
AX (kPa/L) 0.56 £ 0.54 0.73 + 0.61 0.85

BMI, Body mass index; FEFs,q, forced expiratory flow at expiration of 50% of FVC; PEF, peak expiratory flow.
The data are described using mean (SD) for normally distributed variables and median (interquartile range) for nonnormally distributed variables.
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Nonobstructive group (FEV,/FVC = 0.7)

Obstructive group (FEV,/FVC < 0.7)

Diagnosis BR (—) (N = 255) BR (+) (N = 16) BR (—) (N = 62) BR (+) (N = 16)
Allergy history, n (%) 39 (15.3) 6 (35.7) 8 (12.9) 2 (12.5)
Allergic rhinitis, n (%) 108 (42.4) 7 (43.8) 21 (33.9) 8 (50)
Clinical diagnosis, n (%)
Bronchitis 104 (40.8) 3 (18.8) 2 (3.2) 1(6.3)
Asthma 122 (47.8) 10 (62.4) 28 (45.2) 6 (37.4)
COPD 3 (18.8) 27 (43.5) 4 (25)
ACO 5 (8.1) 5 (31.3)
Other diagnosis 29 (11.4) 0 5(8.1) 5 (31.3)

ACO, Asthma-COPD overlap.
Other diagnoses include allergic rhinitis, gastroesophageal reflux disease, and upper respiratory tract infection.

TABLE E4. Respiratory symptoms and SAD detected by different
parameters in patients with PPF

Parameter SAD (—) SAD (+) P value
FEF,5¢,759, < 65% predicted 191 64
Wheeze, n (%) 23 (12.0) 11 (17.2) .30
Cough, n (%) 136 (71.2) 44 (68.8) 1
Sputum, n (%) 88 (46.1) 32 (50) .59
Dyspnea, n (%) 86 (45.0) 33 (51.6) .36
FEFs0q, < 60% predicted 226 29
Wheeze, n (%) 28 (12.4) 6 (20.7) 22
Cough, n (%) 160 (70.8) 20 (69.0) .84
Sputum, n (%) 103 (45.6) 17 (58.6) .19
Dyspnea, n (%) 103 (45.6) 16 (55.2) 33
Rs — Ry > 0.07 [kPa/(L/s)] 128 127
Wheeze, n (%) 11 (8.6) 23 (18.1) .03
Cough, n (%) 86 (67.2) 94 (74.0) 23
Sputum, n (%) 51 (39.8) 69 (54.3) .02
Dyspnea, n (%) 55 (43.0) 64 (50.4) 24
X5 < —0.12 [kPa/(L/s)] 181 74
Wheeze, n (%) 17 (9.4) 17 (23) <.01
Cough, n (%) 124 (68.5) 56 (75.7) 25
Sputum, n (%) 77 (42.5) 43 (58.1) .02
Dyspnea, n (%) 83 (45.9) 36 (48.6) .69
Fres > 14.14 Hz 126 128
Wheeze, n (%) 7 (5.6) 27 (21.1) <.01
Cough, n (%) 87 (69) 93 (72.7) 53
Sputum, n (%) 51 (40.5) 69 (53.9) .03
Dyspnea, n (%) 54 (42.9) 65 (50.8) 21
AX > 0.44 kPa/L 142 111
Wheeze, n (%) 13 (9.2) 21 (18.9) .02
Cough, n (%) 101 (71.1) 78 (70.3) .88
Sputum, n (%) 59 (41.5) 61 (55) .03

Dyspnea, n (%) 63 (44.4) 56 (50.5) 34
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