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Abstract

Background: Subjects with chronic respiratory symptoms and preserved pulmonary function (PPF) may have small
airway dysfunction (SAD). As the most common means to detect SAD, spirometry needs good cooperation and its
reliability is controversial. Impulse oscillometry (I0S) may complete the deficiency of spirometry and have higher sen-
sitivity. We aimed to explore the diagnostic value of 10S to detect SAD in symptomatic subjects with PPF.

Methods: The evaluation of symptoms, spirometry and IOS results in 209 subjects with chronic respiratory symp-
toms and PPF were assessed. ROC curves of |OS to detect SAD were analyzed.

Results: 209 subjects with chronic respiratory symptoms and PPF were included. Subjects who reported sputum
had higher R5-R20 and Fres than those who didn't. Subjects with dyspnea had higher R5, R5-R20 and AX than those
without. CAT and mMRC scores correlated better with I0S parameters than with spirometry. R5, R5-R20, AX and Fres
in subjects with SAD (n=42) significantly increased compared to those without. Cutoff values for I0S parameters

to detect SAD were 0.30 kPa/L s for R5, 0.015 kPa/L s for R5-R20, 0.30 kPa/L for AX and 11.23 Hz for Fres. Fres has the
largest AUC (0.665, P =0.001) among these parameters. Compared with spirometry, prevalence of SAD was higher
when measured with I0S. R5 could detect the most SAD subjects with a prevalence of 60.77% and a sensitivity of 81%
(AUC=0.659, P=0.002).

Conclusion: 10S is more sensitive to detect SAD than spirometry in subjects with chronic respiratory symptoms and
PPF, and it correlates better with symptoms. I0S could be an additional method for SAD detection in the early stage of
diseases.
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in COPD and asthma patients. SAD may exist in some
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subjects suffered from the above symptoms but with pre-
served pulmonary function (PPF, the forced expiratory
volume in 1st second (FEV;)/forced vital capacity (FVC)
ratio >0.70 [4]) and negative airway hyper-responsive-
ness (AHR) or bronchial reversibility (BR), i.e. not meet-
ing the pulmonary function criteria of COPD or asthma.
A large multistage stratified sampling survey showed that
more than 40% of Chinese adults aged 20 or older have
spirometry-defined SAD [5]. Since the heavy burden of
SAD, it is of great importance to take efforts on its early
detection and intervention.

Called as “quiet zone”, small airways (<2 mm internal
diameters) account for a small proportion of total air-
way resistance because of their large cross-sectional area.
Currently, the most widely used method in clinic to assess
small airway function is spirometry, and the adopted
parameters are the forced expiratory flow between 25
and 75% of FVC (FEF,; ..,), FEF at 50% of FVC (FEFy,)
and FEF when 75% of FVC has been exhaled (FEF,).
However, the maneuver requires good cooperation of
subjects, and the great variability of values makes their
reliability not being unanimously recognized [6, 7].

With a different measuring principle from spirometry,
impulse oscillometry (IOS) could measure the respira-
tory mechanical properties during quiet tidal breath-
ing. Compared with spirometry, it is independent of the
subjects’ efforts because of the externally superimposed
oscillation signals [8]. Furthermore, it may have higher
sensitivity in detecting SAD and seems to be better cor-
related with small airway structures [9-11]. Since IOS
could reflect the viscous property of the respiratory sys-
tem by resistance (Rrs), elastic and inertial property by
reactance (Xrs), it might provide deeper information on
individuals’ pathology changes when applied coupled
with spirometry.

The present study aimed to explore the diagnostic value
of IOS to detect SAD in subjects with chronic respiratory
symptoms and PPF. We hypothesized that IOS could be a
supplementary method to detect SAD, making up for the
deficiency of spirometry, and improving the sensitivity of
detection ability. We also intended to compare the corre-
lation between symptoms and IOS as well as spirometry.

Methods
Study design and subject selection
This was a single-centered, observational study in which
subjects were recruited and tested at the Pulmonary
Function Laboratory of West China Hospital, Sichuan
University, Chengdu, China between May 1st and Sep-
tember 1st, 2020.

To be included in this study, subjects had to be aged
over 18 years and came to receive pulmonary function
tests because of chronic respiratory symptoms. Besides,
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subjects were eligible when they fulfill the criteria of PPF
(FEV,/FVC>0.70) [4]. Exclusion criteria were as follows:
restrictive pulmonary diseases (FVC<80% predicted),
asthma, interstitial lung diseases, structural lung diseases
covering active/previous tuberculosis and bronchiectasis,
lung cancer, respiratory infection in 2 weeks, myocardial
ischemia, history of pulmonary surgery, and incomple-
tion of IOS because of incorrect tongue position, vocal
cord closures or swallowing.

We also recruited never-smokers (<1 pack-year of
tobacco-smoking history) with normal chest radiogram
and without current pulmonary diseases or unstable car-
diovascular diseases as healthy controls.

Basic demographic variables including sex, age, weight,
height, and body mass index (BMI) were collected. Sub-
jects received 10S, spirometry, and completed a ques-
tionnaire covering qualitative and quantitative evaluation
of symptoms. Also, bronchial provocation tests or bron-
chodilator tests were performed to exclude asthma.

The study was approved by the ethics committee of
West China Hospital, Sichuan University, and all partici-
pants signed an informed consent before the procedure.

Impulse oscillometry

The respiratory resistance and reactance were meas-
ured using IOS equipment (MS-IOS Jaeger) following
protocols of ERS [8]. IOS was conducted before spirom-
etry because forced expiration itself might change airway
tone [12]. Pressure oscillations generated by a loud-
speaker were superimposed onto normal tidal breath-
ing through a mouthpiece for 30 to 45 s, which ranged
from 5 to 35 Hz in frequency. Sitting upright, subjects
were asked to wear a nasal clip and exert manual com-
pression on their faces to minimize the influence of cheek
vibration and air leak. Three trials were performed and
mean values of the following parameters were recorded:
respiratory resistance at 5 Hz (R5) and 20 Hz (R20), the
difference between R5 and R20 (R5-R20), reactance at
5 Hz (X5), resonant frequency (Fres) and the area under
reactance curve between Fres and 5 Hz (AX).

Spirometry and bronchodilator/bronchial provocation test
Spirometry was performed by a full MasterScreen
PFT System (Jaeger Corp. Germany) according to the
American Thoracic Society (ATS)/European Respira-
tory Society (ERS) guidelines [13]. FEV,;, FVC, FEV,/
FVC, FEF,5_ 54, FEF5 and FEF,5, were recorded as per-
centages of predicted values. The prediction equations
are based on a large study of normal spirometry values
in Chinese aged 4-80 years, which is recommended in
the spirometry guideline in China [14]. Spirometry-
SAD was defined as at least two of the three small air-
way indicators (FEF,s_,s, FEF:y, and FEF, ;) were less
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than 65% predicted value [5]. To exclude subjects with
asthma, most subjects received bronchial provocation
tests to confirm negative AHR, and the others received
bronchodilator tests in the requirement of negative BR.
Bronchial provocation tests were conducted with the Jae-
ger APS Pro system, following the recommendations of
the ATS/ERS guideline [15]. Positive AHR was defined
as the provocative dose inducing a 20% decrease of FEV,
(PD,,FEV;) <2.5 mg. For subjects accepted bronchodi-
lator tests, 400 pg salbutamol through a metered-dose
inhaler was administered and spirometry was repeated
after 15 min. BR was positive if the improvement of FEV,
or FVC or both is over 12% and 200 ml compared with
baseline values before inhalation.

Questionnaire

All participants accepted a questionnaire for qualitative
and quantitative evaluation of chronic respiratory symp-
toms. Chronic respiratory symptoms included cough,
sputum, wheeze and dyspnea [16]. Modified Medical
Research Council dyspnea scale (nMRC) score and the
COPD Assessment Test (CAT) were used to evaluate the
severity of symptoms.

Statistical analysis
Data analysis was performed with SPSS software version
26.0. Continuous variables were expressed as mean+ SD
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or median (interquartile range). Categorical variables
were expressed as frequency and frequency percentages.
Independent t (t')-test, Chi-square test, and Mann—Whit-
ney test were used for statistical difference inferences.
Spearman correlation was chosen to determine relation-
ships between spirometry, IOS parameters and symptom
scores followed by Holm—Bonferroni correction. With at
least two of the three small airway indicators of spirom-
etry (FEF,5_;54, FEF5y, and FEF,5,) less than 65% pre-
dicted value as the standard of SAD, receiver operator
characteristic curves (ROC) were conducted to evaluate
the ability of IOS parameters to diagnose SAD. The area
under the curve (AUC) and cutoff values were calculated.
A P-value less than 0.05 was considered significant.

Results
Characteristics of study population and healthy controls
Demographics, baseline spirometry and IOS parameters
of 85 healthy controls as well as 209 subjects with chronic
respiratory symptoms and PPF are shown in Table 1.
The quality of all performed spirometry tests were above
Grade C according to the ATS/ERS guideline [13]. No
significant differences were found in demographic char-
acteristics between symptomatic subjects and healthy
controls.

As the best and most common indicators to judge the
presence of airflow obstruction, FEV, and FEV,/FVC

Table 1 Characteristics of healthy controls and subjects with chronic respiratory symptoms and PPF

Symptomatic subjects with PPF Healthy controls (n=85) P value
(n=209)
Demographics
Age (years) 39.53+12.79 36.92£10.21 0.067
BMI (kg/mz) 22.094£3.12 22.68+£257 0.123
Sex: male, n (%) 97 (46.4) 40 (47.1) 0.920
Spirometry
FEV, (% predicted) 104.61£1241 106.58 £10.73 0.201
FVC (% predicted) 105.904+13.09 106.65+12.85 0.656
FEV,/FVC 83.78+£6.97 85.16£5.81 0.108
FEF,5_750, (% predicted) 86.48+22.71 93.02421.01 0.023
FEF 50y (% predicted) 90.98 £22.95 100.53 +22.64 0.001
FEF 5o, (% predicted) 81.37£30.57 85.50£27.61 0.281
10S
R5 (kPa/L s) 0.32+0.07 0.28+0.06 <0.001
R20 (kPa/L s) 0.29+0.06 0.26£0.06 <0.001
R5-R20 (kPa/L s) 0.02194£0.0273 0.019340.0238 0.449
X5 (kPa/L s) —0.1009+0.0279 —0.1007 £0.0280 0.966
Fres (Hz) 11.38£2.58 10494210 0.005
AX (kPa/L) 0.24(0.17,0.34) 0.20 (0.14,0.30) 0.015

The data are presented as mean = SD for normally distributed variables and median (interquartile range) for nonnormally distributed variables

BMI body mass index
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were not significantly different in the two groups. Despite
FEF,; ;s and FEF;y, of symptomatic subjects statisti-
cally lower than controls, they were still within the nor-
mal range.

For I0S parameters, R5, R20, Fres and AX were sig-
nificantly higher in symptomatic subjects with PPF than
healthy controls. But R5-R20 and X5 did not differ
between groups.

Relationship between symptoms, spirometry and 10S
parameters

In 209 subjects with chronic respiratory symptoms
and PPF, no spirometry or IOS parameters were dif-
ferent between subjects with and without cough/
wheeze. Subjects who reported symptom of sputum
had higher R5-R20 (0.0274+0.0271 kPa/L s versus
0.01794+0.0269 kPa/L s, P=0.012, Fig. 1b) and Fres
(11.90+2.62 Hz versus 11.00+2.50 Hz, P=0.012,
Fig. 1d) compared those without sputum. Those who
reported dyspnea had higher R5 (0.34+0.07 kPa/L s
versus 0.314+0.06 kPa/L s, P=0.027, Fig. la), R5-R20
(0.0296 £0.0284 kPa/L s versus 0.0198 +0.0268 kPa/L s,
P=0.033, Fig. 1b) and AX (0.324+0.18 kPa/L versus
0.26£0.15 kPa/L, P =0.027, Fig. 1c) compared with those
did not. Among spirometry parameters, only FEF;, was
significantly different between subjects with and without
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dyspnea (73.44 £ 28.78% predicted versus 83.54+30.77%
predicted, P =0.049).

When it came to the quantitative evaluation of symp-
toms (Table 2), no spirometry parameters were associ-
ated with the mMRC score. However, R5, R5-R20, and
AX were significantly correlated with the dyspnea score,
although they did not survive conservative Bonferroni
correction. As for the CAT score, significant correlations
were observed in FEV,/FVC and FEF,; for spirometry,
but they failed to survive Bonferroni correction. All IOS
parameters were significantly correlated with CAT score,
especially R5, despite failures of R20 and R5-R20 to sur-
vive Bonferroni correction.

FEV,/FVC, FEF,; ;5 FEFg5y, and FEF,;, were sig-
nificantly correlated with all IOS parameters except for
X5 after correlation analysis with Bonferroni correc-
tion (Table 3). The strongest correlation was observed
between FEF,; ey, FEFgy, FEF, and R5 (r=0.37,
P <0.001 for all). Moderate correlations were also found
between R5-R20, AX, Fres and the three small airway
parameters of spirometry.

Characteristics of the subjects with and without SAD

Classified according to the presence of spirometry
defined SAD, demographics and clinical features of the
subjects with chronic respiratory symptoms and PPF
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Fig. 1 aR5, b R5-R20, c AX, d Fres were plotted for subjects with PPF from the symptom (4) versus symptom (—) groups according to the two
specified symptoms (sputum and dyspnea). Bar charts represented mean + SD
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Table 2 Spearman correlation coefficients of symptom scores with spirometry and 10S parameters in subjects
with chronic respiratory symptoms and PPF (n=209)

Spirometry parameter  FEV,% FVC % FEV, /FVC FEF,5_750, % FEF 540, % FEF 54, %
mMRC — 0.004 0.021 —0.072 —0.082 — 0.084 —0.126
CAT 0.029 0.112 —0.188* —0.135 —0.124 —0.169*
10S parameter R5 R20 R5-R20 X5 AX Fres
mMRC 0.150% 0.111 0.162* - 0127 0.179** 0.131

CAT 0.243** 0.174* 0.150* — 0.200** 0.204** 0.212%*

FEV, FVC, FEF 5750, FEFs509, and FEF ;o are expressed as % predicted
Values in italic indicate significant correlations after Bonferroni correction
*P<0.05

**P<0.01

Table 3 Correlation between spirometry and 10S parameters in subjects with chronic respiratory symptoms and PPF

(n=209)
I0S parameter  FEV, (% predicted) FVC (% predicted) FEV,/FVC FEF;5_750, (% FEF 549, (% FEF; 54, (%
predicted) predicted) predicted)
r Pvalue r Pvalue r Pvalue r Pvalue r Pvalue r P value
R5 —015 0033 004 0526 —023 0.001 — 037 <0.001 — 037 <0.001 — 037 <0.001
R20 —012 0092 001 0923 — 008 0.243 —026 <0001 —028 <0001 —023 0.001
R5-R20 — 007 0293 0.09 0.208 — 033 <0.001 - 027 <0.001 — 023 0.001 —035 <0.001
X5 0.13  0.068 0.09 021 —0.02 0.791 0.19 0.005 0.19 0.005 0.16 0.018
AX —017 0013 —005 04N —0.16 0.020 — 030 <0.001 — 028 <0.001 — 029 <0.001
Fres —0.13 0.069 0.03 0623 —028 <0001 —030 <0001 —028 <0001 — 031 <0001

Values in italic indicate significant correlations after Bonferroni correction

were shown in Table 4. No differences were found in both
qualitative and quantitative assessment of chronic respir-
atory symptoms. In spirometry parameters, not only the
three small airway parameters (P <0.001 for all) but also
FEV, and FEV,/FVC decreased in subjects with SAD.

IOS parameters related to small airways increased in
subjects with spirometry defined SAD compared with
those that didn’t have SAD (Fig. 2). R5 was a little higher in
SAD group (0.34£0.07 kPa/L s) than group without SAD
(0.31+0.06 kPa/L s, P=0.005, Fig. 2a). R5—R20 of SAD
group was nearly two times higher than that of no SAD
(0.0352+0.0321 kPa/L s versus 0.0185+0.0250 kPa/L s,
P=0.003, Fig. 2c) while there was no difference in R20
(0.31+0.06 kPa/L s versus 0.2940.06 kPa/L s, P=0.152,
Fig. 2b). Meantime, no difference in X5 was observed
between two groups (— 0.1062+0.0318 kPa/L s versus
0.0995£0.0267 kPa/L s, P=0.166, Fig. 2d), but AX was
significantly higher in SAD subjects compared with those
without it [0.31 (0.20, 0.48) kPa/L versus 0.23 (0.16, 0.31)
kPa/L, P=0.002, Fig. 2e]. Significantly increased Fres was
also observed in SAD group (12.87 £3.30 Hz) compared
with the one without SAD (11.01£2.23 Hz, P=0.001,
Fig. 2f).

The value of 10S parameters to detect SAD in the study
population

With SAD standard taken as at least two of the three
small airway indicators of spirometry (FEF,; ,c,,
FEF;,, and FEF,,) less than 65% predicted, we con-
ducted ROC analyses of IOS parameters which were
significantly different between groups with and with-
out SAD. And the cutoff values were determined as
follows: R5 greater than 0.30 kPa/L s, R5—R20 greater
than 0.015 kPa/L s, AX greater than 0.30 kPa/L, and
Fres greater than 11.23 Hz (Table 5). Among these
parameters, Fres had the largest AUC [0.665 (95% CI
0.564—0.766)] yield a sensitivity of 69% and specificity
of 58.7%. In addition, R5 had the highest sensitivity of
81% [AUC, 0.659 (95% CI 0.563-0.754)] while AX had
the highest specificity of 71.9% [AUC, 0.656 (95% CI
0.557-0.756)] (Table 5 and Fig. 3).

Compared with spirometry, R5, R5—R20, AX and Fres
could detect more SAD in subjects with chronic res-
piratory symptoms and PPF (Fig. 4). Among these I0S
parameters, R5 determined the highest prevalence of
SAD.
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Table 4 Features and spirometry parameters of subjects
with and without spirometry-SAD
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Discussion
In the present study, we find that IOS might be a use-
ful measurement for detection of SAD in subjects with

SAD no SAD P value
n=42(20.1%) n=167 (79.9%) chronic respiratory symptoms and PPFE. Its higher sen-
) — sitivity and easier implementation make up for the defi-
Demographics and clinical history ) R .
ciency of spirometry. Besides, IOS parameters seem to
Age (years) 418141256 3895+£12.82 0.196 . .
) correlate better with symptoms than spirometry.
BMI (kg/m?) 2297+3.16 21.86£3.08 0.039 . . . .
Our target study population is symptomatic subjects
Sex: male, n (%) 21(50.0) 76 (45.5) 0.602 . . .
Chion it . with PPE. The subjects suffer from COPD/asthma-like
ronic respiratory symptoms . . .
Coudh Z/) ysyme 2062 145 (868) 0087 symptoms but having normal FEV,/FVC which is not
ougn, n . . A . .
c tg (Z/) 18429) 0w19) 091 different from healthy controls. IOS parameters includ-
PURIM, T ’ ‘ ‘ ing R5, R20, Fres and AX significantly increase in symp-
Wheeze, n (%) 17 (40.5) 55(32.9) 0.358 . . .
Dysones, n (%) 5610 2 (192) 0097 tomatic subjects. The same trend was also observed in
i\/\ic ' 00 1)’ 00 O)’ 0‘493 several other studies which focus on the comparison
m ' ' : of patients with self-reported symptoms but normal
CAT 74,9 6(3,8) 0.204 . .
- spirometry and healthy people [17], or studies compar-
i‘é\o/moe/w pZTamjters 0565 4.0 06864120 000 ing the symptomatic and asymptomatic PPF cohorts after
1 (% predicted) 265£9.57 106861204 <0.001 environmental exposure [10, 18]. All these findings shed
FVC (% predicted) 107094£11.25 10560413.53 0513 li . . o . .
ight on the possible location of injury which results in
FEV/RVC 7529310 8592:£597 <0001 symptoms in subjects with PPF is more distal and could
0 .
FEF25-7s% (% predicted)  573546.26 938041918 <0.001 be better detected by IOS than conventional spirometry.
Y .
FEF50q, (% predicted)  60.77:£6.11 985841902 <0001 More and more studies [9, 11, 19] found that spirom-
0 i sy . .
FEF 759, (% predicted) o162£1024 888541940 <0001 etry was not sensitive to assess small airway function.
The data are presented as mean + 5D Xiao et al. [5] found that FEF,;_ ., was often within the
normal range when FEV,/FVC was above 75%. Besides,
the forced expiration depends greatly on subject’s
effort and the maneuver itself might alter bronchomo-
tor tone [20]. In contrast, IOS could distinguish signals
a 06+ P=0.005 b 054 P=0.152 c 0.15q P=0.003
0.4 . 0.104
—_ [ ..
P 044 ° 3 =
< 3 034 &  0.05- .s =
a - —titlr— =
% X ‘o‘ eecessece ———
~ 0.2+ 0.00:++e0seee D035 S e BN
’ 0.1 T 0054 2
0.0 r r 0.0 I r -0.10 r r
SAD no SAD SAD no SAD SAD no SAD
d e f
0.004 P=0.166 1.5 P=0.002 254 P=0.001
-0.05- . - a
? S % 1.04 . T 18
e . T a
§ -0.104 o =
& >l 2 104
X e 2 o5 -
.15+ -
<0.15 5
0.20 T T 0.0 : 0 ' r
SAD no SAD SAD no SAD SAD no SAD
Fig. 2 |0S parameters including a R5, b R20, ¢ R5-R20, d X5, e AX and f Fres were plotted for subjects with chronic respiratory symptoms and PPF
from the SAD versus no SAD groups. The bars represented means
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Table 5 Cutoff values of I0S parameters for the prediction of SAD in subjects with chronic respiratory symptoms and PPF

(n=209)

10S parameter Cutoff value AUC Sensitivity (%) Specificity (%) LR (+) LR (-) Youden index P value
R5 0.30 0.659 81.0 443 145 043 0.25 0.002
R5-R20 0.015 0.646 76.2 473 145 0.50 0.24 0.004
AX 0.30 0.656 571 719 2.03 0.60 0.28 0.002
Fres 11.23 0.665 69.0 58.7 1.67 0.53 0.28 0.001

AUC area under curve, LR likelihood ratio

100
R5
80
— R5-20
2 604 /) S AX
S /A
= = Fres
2 0 .//
S i
20/
T
)
0 T T T T

1
0 20 40 60 80 100
100% - Specificity%

Fig. 3 ROC curves of I0S parameters (R5, R5-R20, AX, Fres) in
detecting SAD identified by small airway parameters of spirometry

80—
60.77
60— 57.42
o

L 46.89
8

40—
[}
© 32.06
3
a 20.10

20—

g= T T
RS R5-R20 AX Fres spirometry

Fig. 4 Prevalence of SAD in subjects with chronic respiratory
symptoms and PPF, as measured by spirometry and different 10S
parameters

from different lung regions to provide comprehen-
sive information on regional heterogeneity [11]. These
might explain the reason why the correlations between
spirometry and IOS parameters are not strong in the
present study. Even so, IOS parameters related to small
airways, namely R5, R5-R20, AX and Fres correlate

relatively better with the three small airway indicators
of spirometry.

When subjects were classified into with and without
SAD according to the spirometry-SAD standard, exactly
the above four IOS parameters associated with small air-
way function significantly differed between groups. Rep-
resenting the total (central and distal) airway resistance,
R5 may rise due to the increase of distal airway resist-
ance [21]. R5-R20 reflects the resistance of peripheral
airways and the regional ventilation heterogeneity [11].
Its value represents the degree of frequency depend-
ency, which is usually absent in healthy adults [8]. AX is
related to peripheral lung compliance and small airway
patency [22]. As the frequency at which reactance is zero,
meaning equal and opposite inertial and elastic proper-
ties at this frequency [23], Fres reflects the capacitance
and inertial properties of peripheral airways [11]. Except
for the above four parameters, decreases in X5 were also
observed in other studies [17, 19, 24] which compared
subjects with and without symptoms or SAD. However,
X5 is not different between SAD and no SAD group in
the present study. Reflecting the dynamic compliance
of respiratory system, it is affected not only by the elas-
ticity of respiratory system itself but also by the airflow
resistance i.e. time constants [8, 25]. The failure to find a
difference in X5 may be due to the unimpaired elasticity
and lung volume. Besides, the relatively mild symptoms
and lesions in our study population might represent that
the degree of expiratory flow limitation (EFL) is relatively
mild. However, EFL manifests in the difference of reac-
tance between inspiratory and expiratory phase, while X5
reflects the mean reactance during the whole breath.

Compared with spirometry, the prevalence of SAD
is higher when it is recalculated with IOS cutoft values,
which has also been confirmed in previous studies [10,
11, 19, 24]. IOS could detect airway dysfunction that
spirometry failed to [9, 26]. Consistent with the prior
study [24], Fres seems to perform the best in diagnosing
SAD on account of the largest AUC. However, R5 and
R5-R20 have the highest sensitivity and might be more
suitable as screening indexes. When it comes to the exact
diagnosis in clinic, either high sensitivity or specificity
of the individual index might demand a comprehensive
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consideration of various IOS and spirometry indexes. In
addition, the cutoff values obtained in our study are gen-
erally lower than those in previous studies. For R5-R20,
abnormal cutoff values were concluded as 0.03 kPa/L s
[26] or 0.07 kPa/L s [24, 27], greatly different from the
0.015 kPa/L s in the present study. A study [28] used the
upper limit (0.35 kPa/L s) of above 400 normal subjects
as the critical value for R5, which was also a little higher
than our value of 0.30 kPa/L s. The interindividual vari-
ation of 1I0S values, which is not good as spirometry in
this regard [12], together with the different SAD stand-
ards, disease severity, and race of the study population
might result in the differences of cutoff values.

Apart from the high sensitivity, IOS also performs
better in the association with specified symptoms than
spirometry. R5-R20 and Fres are significantly increased
in subjects with sputum than those without. Similarly,
subjects with dyspnea have higher R5, R5-R20 and AX.
The above parameters are all related to peripheral air-
ways. Sputum production reflects the increase of inflam-
matory mediators in the lung. Previous results were
consistent with our findings, suggesting that the place
of airway inflammation, obstruction and injury in such
symptomatic patients with PPF is predominated with
small airways [17, 24]. Except for the increased FEF
in subjects with dyspnea, most spirometry parameters
failed to identify the difference between subjects with
and without specified symptoms. We also evaluated the
symptoms quantitatively using mMRC and CAT scores
to explore the correlation of IOS and spirometry results
with the severity of symptoms. Although the relation-
ships between severity of dyspnea and IOS parameters
are weak and fail to survive Bonferroni correction, no
relationship is observed for spirometry results. Besides,
Bonferroni correction is so strict that could result in the
possibility of false negativity. The correlations between
comprehensive evaluation for all symptoms (CAT score)
and IOS parameters are also stronger than spirometry
indicators. In spite of previous use of CAT score in ever-
smokers with PPF in the literature [29], it seems not
appropriate to the present study population with rela-
tively mild symptoms. As the symptom score applying
to COPD patients, it may be more suitable for patients
with more obvious symptoms and a higher risk of poor
outcomes. Studies with large sample sizes are needed to
identify IOS indicators related to symptoms. 10S reflects
the pulmonary structure and mechanical characteristics
during normal breathing rather than the effort-depend-
ent forced expiratory, which might be the explanation of
the better correlation for IOS with symptoms.

Overall, despite the controversial evidence on whether
SAD could predict the development of COPD or asthma,
it is of great importance to make a comprehensive
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evaluation of small airways in the early disease stage.
Early detection facilitates early intervention such as
smoking cessation and the utilization of small particle
aerosols targeting peripheral lung. Meantime, sensitivity
to changes in individuals and easy execution make IOS
more suitable for long-term monitoring.

Our study has several other limitations except for
the limited sample. First, we used spirometry defined
SAD as the reference criterion to explore the diagnostic
value of IOS. Currently, no consensus has been reached
about the gold standard for SAD diagnosis. Some more
intuitive detection method such as endobronchial opti-
cal coherence tomography (EB-OCT) might be more
objective as reference. Second, having no predicted val-
ues adjusted by age, sex and BMI, I0S results are abso-
lute values of individuals, which probably affects the
comparability between groups. In addition, although
objective languages were used in the questionnaire,
the evaluation of symptoms might still be subjective.
Finally, we didn't track the subjects’ disease progres-
sion and treatment responses in spirometry and I0S
parameters. We still don’t know whether these detected
SADs would develop into exact diseases like COPD or
asthma. Prospective studies with a large sample size
of population and more suitable scores for symptoms
are needed to further explore the application of IOS in
diagnosing and monitoring SAD.

Conclusion

To summarize, the current study shows that IOS is more
sensitive to detect SAD than spirometry in subjects with
chronic respiratory symptoms and PPF. Our data also
find a better relationship for IOS parameters with symp-
toms in these subjects. Moreover, IOS is easy to per-
form and provides extended information on the central
and peripheral lung. Hence, IOS could be an additional
method for SAD detection in the early stage of diseases.
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