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Abstract. – OBJECTIVE: Small airway dys-
function is a pathological component of chron-
ic obstructive pulmonary disease (COPD) and 
idiopathic pulmonary fibrosis (IPF), and impulse 
oscillometry is an easy-to-administer, effort-in-
dependent non-invasive test reflecting small air-
way dysfunction. We aimed to compare the im-
pulse oscillometry (IOS) measurements between 
COPD and IPF patients and investigate their cor-
relation with severity of both diseases and other 
conventional parameters.

PATIENTS AND METHODS: This was a pro-
spective, longitudinal study. We longitudinally 
evaluated the baseline demographic character-
istics, COPD Assessment Test (CAT) and modi-
fied Medical Research Council (mMRC) dyspnea 
scale, Pulmonary Function Test (PFT), Carbon 
Monoxide Diffusing Capacity (DLCO), Hemo-
gram and Impulse Oscillometry measurements 
of the patients diagnosed with COPD and IPF.

RESULTS: The study included 60 IPF patients 
and 48 COPD patients. The CAT and mMRC 
scores were higher in COPD patients. The major-
ity of COPD patients were classified into Catego-
ry B (46%), while 68% of IPF patients had Stage 
1 GAP. The mean FEF 25-75%, which is typical-
ly considered to reflect small airway disease, 
was 93% in IPF patients, while it was significant-
ly lower in COPD patients (29%). Impulse oscil-
lometry measurements were consistent with 
spirometry parameters. IOS resistance and reac-
tance values were significantly higher in COPD 
patients than in IPF patients.

CONCLUSIONS: IOS is advantageous in 
COPD and IPF patients who cannot exhale due to 
severe dyspnea, as it is easy to administer and 
reflects small airway resistance better. Diagno-
sis of small airway dysfunction may be benefi-
cial in the management of patients with IPF and 
COPD. 
Key Words: 

Impulse oscillometry, Small airway disease, Resis-
tance, COPD, IPF. 

Introduction 

Small airways are defined as those with a di-
ameter of less than 2 mm and are called the silent 
zone of the lung. It is proposed that the pathology 
of small airways occurs before the appearance of 
symptoms or abnormal spirometry1. With appre-
ciation of the importance of small airways, there 
has been a remarkable increase in publications on 
small airways since 2010. Although small airways 
dysfunction in asthma has been well described, 
the involvement of small airways in chronic ob-
structive pulmonary disease (COPD), an obstruc-
tive disease, and particularly in interstitial lung 
disease with a restrictive pattern, has been under-
studied1-3.

While it has been suggested that the small 
airway involvement in COPD is one of the three 
main components, along with chronic bronchi-
tis and emphysema, it is still not established ad-
equately. However, symptom burden is believed 
to be higher in COPD patients with a small air-
way pathology1,2,4. 

In idiopathic pulmonary fibrosis (IPF), small 
airway dysfunction associated with loss of ter-
minal bronchioles is also a pathological com-
ponent of IPF. The detection of small airway 
disease can also guide bronchodilator use in 
IPF patients5-6.

Impulse Oscillometry (IOS) is a non-inva-
sive method that can measure airway resistance 
during spontaneous respiration regardless of 
the effort, and it is more sensitive than spirom-
etry in detecting small airway dysfunction, and 
it is useful in adults and children with shortness 
of breath and severe coughing who cannot per-
form effort dependent exhalation7-8. Although 
there is an increasing interest in IOS, it is still 
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not used as widely as spirometry. Several stud-
ies7 indicated that IOS may be advantageous 
over spirometry as it requires minimum patient 
effort, and it provides rapid, easy, and repro-
ducible measurements. 

The detection of small airway pathology in 
COPD and IPF patients may be a guide in ear-
ly diagnosis, differentiation, and treatment of 
the disease. We lack information about the re-
lationship between small airway involvement 
and severity of the disease and its correlation 
with the impulse oscillometry measurements 
and other conventional parameters. The pres-
ent study aimed to investigate the small airway 
involvement measured by impulse oscillome-
try in COPD, an obstructive disease and IPF, 
a restrictive disease, and the correlation of IOS 
measurements with the severity of both diseas-
es and other conventional parameters.

Patients and Methods

It was a prospective cross-sectional study that 
was carried out between July 1, 2021, and July 
1, 2022, at Chest Diseases and Thoracic Surgery 
Training and Research Hospital. The study protocol 
was approved by the institutional Ethics Committee 
(date of approval/No: 03.06.2021/111). A consent 
form was obtained from all patients who accepted 
to participate in the study. For these patients who 
were followed with a diagnosis of COPD and IPD, 
demographic data such as age, sex, concomitant 
diseases, body mass index (BMI), smoking his-
tory, COPD Assessment Test (CAT) and modified 
Medical Research Council (mMRC) dyspnea scale, 
Pulmonary Function Test (PFT), Carbon Monox-
ide Diffusing Capacity (DLCO), Hemogram and 
Impulse Oscillometry measurements were record-
ed at presentation, and cross-sectionally evaluated.

Patients
The inclusion criteria were as follows: 
1. ≥ 40 years of age 
2. Patients diagnosed with COPD in accor-

dance with the 2021 GOLD guidelines9.
3. Patients diagnosed with IPF according to the 

2018 ATS/ERS/JRS/ALAT guideline10.
The following patients were excluded:
1. Those diagnosed with combined pulmonary 

fibrosis and emphysema11 
2. Those diagnosed with asthma12.
3. Those experiencing COPD attacks 9.
4. Those with IPF exacerbation13.

Measurements and Definitions

Chronic Obstructive Pulmonary Disease 
(COPD) 

Patients who have a clinical history of risk fac-
tors such as smoking, complaints of persistent 
dyspnea, chronic cough, sputum production, ob-
struction determined by PFT, FEV1/FVC < 70% 
and diagnosed with COPD by a pulmonologist9.

Idiopathic Pulmonary Fibrosis (IPF) 
An interstitial lung disease primarily occurring 

in advanced age, mostly characterized with com-
plaints of dyspnea and cough, with a chronic and 
progressive course, radiological or histopatholog-
ical appearance of usual interstitial pneumonia 
pattern (UIP), excluding pulmonary fibrosis and 
other potential causes, and having functionally 
restrictive pattern10.

Modified Medical Research Council (mMRC) 
Scale9

Stage 0: Dyspnea only with strenous exercise.
Stage 1: Dyspnea when hurrying or walking up 

a slight hill.
Stage 2: I walk slower than people of my age 

because of dyspnea or I have to stop for breath 
when walking at my pace.

Stage 3: I stop for breath after walking 100 m 
or after a few minutes.

Stage 4: I cannot leave house due to dyspnea or 
I am breathless when dressing/undressing.

COPD Assessment Test (CAT)9

It is an 8-item test that measures deterioration 
in health in COPD, assessing cough, sputum, dys-
pnea, activities, sleep quality and energy level, 
with 10 being the cutoff score for discrimination.

Scores range from 0 to 40:
≥10 – Symptomatic, poor health status;
≥20 – Too symptomatic.

COPD Categories A-B-C-D9
“Category A”: Low Risk, Less Symptoms – 0-1 

exacerbation /year CAT<10 or mMRC 0-1.
“Category B”: Low Risk, More Symptoms – 

0-1 exacerbation /year, CAT ≥10 or mMRC≥2.
“Category C”: High Risk, Less Symptoms – ≥2 

exacerbations /year or ≥1 exacerbations leading to 
hospital admission, CAT<10 or mMRC 0-1.

“Category D”: High Risk, More Symptoms 
– ≥2 exacerbations /year or ≥1 exacerbations 
leading to hospital admission, CAT ≥10 or 
mMRC ≥2.
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GAP (Gender-Age-Physiology) Index14

It is a simple screening method to determine 
the average risk of mortality of patients with IPF. 
Three stages (stages I, II, and III) were identified 
based on the GAP index with a1-year mortality of 
6%, 16%, and 39%, respectively.

Spirometry (Pulmonary Function Test) 
Values 

FEF25-75 Forced expiratory flow between 25 
and 75%.

FEV1 Forced expiratory volume in 1 second.
FVC (Forced Vital Capacity)
It is the total amount of air exhaled during a 

maximal forced expiration effort following a rap-
id and deep inhalation.

FEV1 (Forced Expiratory Volume in One 
Second)

It is the total amount of air expelled in the first 
second of a forced and rapid expiration following 
a rapid and deep inhalation. Its measurement de-
pends on patient effort and requires cooperation. It 
reflects large airways in millimeters1,4. It is reduced 
in airway obstruction and in the presence of re-
strictive respiratory dysfunction due to decreased 
FVC. It is the most widely used parameter in evalu-
ation and staging of airway obstruction because of 
its ease of measurement and low variability.

FEV1/FVC 
It is a parameter used to determine the presence 

of airway obstruction. A FEV1/FVC <70% indi-
cates presence of airway obstruction in COPD.

FEF25%-75%
It represents the average flow at 25% and 75% of 

the FVC maneuver (middle half of FVC), regarded 
as a parameter reflecting the small airway better 
than FEV1. In early obstructive disease, there may 
be a reduction in FEF25%-75% while FEV1 and FVC 
are normal. However, it has some shortcomings as 
being affected by age, smoking, and having a wide 
normal range and low repeatability15.

IOS (Impulse Oscillometry)
Specified IOS parameters for analysis included7,8,16: 
R5: Resistance at 5 Hz;
R20: Resistance at 20 Hz;
R5-R20: Heterogeneity of resistance;
X5: Reactance at 5 Hz;
AX: Area under reactance curve between 5 Hz 

and resonant frequency; 
Fres: Resonant Frequency.

IOS was performed seated using a noseclip and 
a mouthpiece that stabilized the tongue position 
and the cheeks supported. Impulses were deliv-
ered for 20 s during tidal breathing. A minimum 
of three maneuvers were performed and data were 
recorded. Impulse oscillometry (IOS) measures 
the respiratory system response to the flow of 
sound waves at a specific frequency7.

Higher frequency waves travel shorter distanc-
es typically reflecting larger airways. Thus, the 
resistance at 20 Hz (R20) represents proximal 
resistance. Lower frequency waves travel further 
reaching the smaller airways <2 mm in diameter 
after the eighth generation. Hence the resistance 
at 5 Hz (R5) represents the total lung resistance. 
COPD and asthma will increase total resistance 
(R5) to a relatively greater degree than proximal 
resistance (R20). This is known as a frequency 
dependent change or heterogeneity of resistance 
evident as raised peripheral resistance (R5-R20). 
It was shown that R5-R20 was significantly more 
sensitive to small airway constriction than most 
other frequency choices. Reactance can be con-
sidered as the out of phase component of respi-
ratory impedance (with flow, but not volume), re-
flecting the balance between inertial and elastic 
properties of distensible airways. Typically, this 
is measured at 5 Hz (X5) or as the area under the 
reactance curve (AX) between 5 Hz and the res-
onant frequency (Fres). Fres represents the point 
at which opposing inertial and capacitive compo-
nents cancel each other out. AX represents low 
frequency reactance in smaller airways where 
elastance exceeds inertance, with increased val-
ues reflecting reduced lung compliance and stiffer 
lungs. AX is strongly correlated with the R5-R20 
value7,8,16. Until now, no standards have been set 
for IOS that could be published and adopted as 
recommendations worldwide7,8,16. 

Statistical Analysis
The descriptive statistics of patient charac-

teristics measured are shown in tables as mean, 
standard deviation (SD), quartiles (25th, median, 
75th), number and % frequencies. The conformi-
ty of numerical variables to normal distribution 
was analyzed using Shapiro-Wilk test. The rela-
tionship between the categorical characteristics 
and the COPD and IPD groups was analyzed 
using the Pearson Chi-Square test. Furthermore, 
Mann-Whitney U test was used to compare the 
two disease groups for numerical characteristics. 
The associations among the numerical character-
istics were analyzed using the Spearman Rank 
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correlation analysis. The statistical significance 
level was set at p<0.05. For calculations, SPSS 
(version 23) software program (IBM Corp., Ar-
monk, NY, USA) was used.

Results

The study included a total of 108 patients, 60 
with IF and 48 with COPD. 

The demographic characteristics of the patients 
(Table I) showed that male sex was dominant in 
both IPF and COPD groups; and female patients 
were relatively more in the IPF group than in 
the COPD group (26% vs. 8%, respectively). All 
COPD patients had a history of smoking, and 
pack/year smoking was greater in COPD than in 
IPF. An analysis of concomitant diseases showed 
that gastrointestinal complaints were significant-

ly higher in the IPF group (16%) compared to 
the COPD group (4%). Malignity was higher in 
COPD group than in IPF group, and no other sig-
nificant difference was observed in concomitant 
diseases between the groups.

A comparison between IPF and COPD groups 
for numerical measurements is shown in Table II. 
The mean age of IPF and COPD patients was sim-
ilar (66 years). The CAT and mMRC scores were 
significantly higher in COPD patients. The mean 
GAP index score was 2.68 in IPF patients. Of 
60 IPF patients, 41 (68%) had Stage 1 GAP, and 
16 (27%) Stage 2 GAP. According to the GOLD 
ABCD classification, majority of COPD patients 
were classified into Categories B (46%) and D 
(40%). The mean BMI was 28 in IPF patients 
while it was statistically lower in COPD patients 
(26). Analysis of hemogram values showed that 
lymphocytes, eosinophils, and monocytes were 

Table I. Demographic Characteristics of IPF and COPD Patient Groups. 

	 IPF		  COPD	
	 n		  %	 n	 %	 p*

Sex	 M	 44	 50.0	 44	 50.0	 0.015
	 F	 16	 80.0	 4	 20.0	
Smoking	 0	 12	 100.0	 0	 0.0	 0.004
	 1	 10	 55.6	 8	 44.4	
	 2	 38	 48.7	 40	 51.3	
Concomitant Disease	 No	 11	 52.4	 10	 47.6	 0.744
	 Yes	 49	 56.3	 38	 43.7	
Hypertension	 No	 38	 55.1	 31	 44.9	 0.893
	 Yes	 22	 56.4	 17	 43.6	
Diabetes Mellitus	 No	 42	 52.5	 38	 47.5	 0.280
	 Yes	 18	 64.3	 10	 35.7	
Coronary Artery Disease	 No	 41	 53.2	 36	 46.8	 0.447
	 Yes	 19	 61.3	 12	 38.7	
Chronic Heart Failure	 No	 58	 56.3	 45	 43.7	 0.474
	 Yes	 2	 40.0	 3	 60.0	
Rhythm Disorder	 No	 57	 55.9	 45	 44.1	 0.778
	 Yes	 3	 50.0	 3	 50.0	
Gastrointestinal Disorder	 No	 50	 52.1	 46	 47.9	 0.040
	 Yes	 10	 83.3	 2	 16.7	
Hyperlipidemia	 No	 55	 53.9	 47	 46.1	 0.159
	 Yes	 5	 83.3	 1	 16.7	
Psychiatric Disease	 No	 57	 54.3	 48	 45.7	 0.198
	 Yes	 2	 100.0	 0	 0.0	
Bronchiectasis	 No	 59	 57.3	 44	 42.7	 0.169
	 Yes	 1	 20.0	 4	 80.0	
Malignity	 No	 59	 57.8	 43	 42.2	 0.049
	 Yes	 1	 16.7	 5	 83.3	
GAP_Stage	 I	 41	 68.3		
	 II	 16	 26.7		
	 III	 3	 5.0		
Gold Category	 A			   7	 14.6
	 B			   22	 45.8
	 C			   0	 0.0
	 D			   19	 39.6

*: Pearson Chi-square test.
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Table II. Comparison of IPF and COPD groups for numerical measurements. 

					     Percentiles	
	 Diagnosis	 N	 Mean	 SD	 25th	 Median	 75th	 p*

Age	 IPF	 60	 65.90	 8.57	 60.25	 66.00	 71.75	 0.426
	 COPD	 48	 66.83	 8.78	 62.25	 66.00	 73.00	
CAT score	 IPF	 60	 10.87	 5.44	 7.00	 10.00	 14.00	 0.002
	 COPD	 48	 14.94	 7.16	 8.25	 15.00	 20.00	
mMRC	 IPF	 60	 1.70	 .79	 1.00	 2.00	 2.00	 0.048
	 COPD	 48	 2.00	 .88	 1.00	 2.00	 3.00	
GAP INDEX	 IPF	 60	 2.68	 1.57	 1.00	 3.00	 4.00	 ---
PCKS/YEAR	 IPF	 48	 39.17	 24.57	 30.00	 40.00	 45.00	 0.023
	 COPD	 48	 44.50	 16.41	 40.00	 42.50	 50.00	
Height	 IPF	 60	 167.67	 8.80	 165.00	 170.00	 172.00	 0.884
	 COPD	 48	 168.81	 7.71	 165.00	 168.00	 174.00	
Weight	 IPF	 60	 78.63	 11.95	 70.00	 76.50	 87.75	 0.030
	 COPD	 48	 73.90	 17.06	 60.50	 70.00	 85.00	
BMI	 IPF	 60	 28.08	 4.22	 25.00	 28.00	 31.00	 0.004
	 COPD	 48	 25.74	 5.39	 22.25	 24.00	 28.75	
WBC	 IPF	 60	 8839.8	 1894.0	 7327.5	 8645.0	 10352.5	 0.336
	 COPD	 48	 9845.8	 4323.4	 7160.0	 9435.0	 10895.0	
Hemoglobin	 IPF	 60	 13.63	 1.56	 12.60	 13.75	 14.80	 0.863
	 COPD	 48	 13.47	 1.98	 12.63	 13.65	 14.80	
RBC	 IPF	 60	 4.65	 .56	 4.33	 4.66	 4.98	 0.075
	 COPD	 48	 4.80	 .66	 4.52	 4.87	 5.34	
PLT	 IPF	 60	 253100.0	 65547.2	 210000.0	 240500.0	 290500.0	 0.422
	 COPD	 48	 266354.2	 82070.4	 208250.0	 268500.0	 306000.0	
MPV	 IPF	 60	 9.70	 .98	 9.00	 9.40	 10.50	 0.178
	 COPD	 48	 9.86	 1.01	 9.20	 9.70	 10.68	
Lymphocytes, n	 IPF	 60	 2356.50	 958.60	 1727.50	 2430.00	 2920.00	 0.001
	 COPD	 48	 1647.29	 957.49	 815.00	 1545.00	 2165.00	
Lymphocytes, %	 IPF	 60	 27.12	 9.77	 21.55	 27.30	 35.33	 0.001
	 COPD	 48	 18.67	 10.33	 9.38	 16.25	 28.70	
EOSINOPHILS, n	 IPF	 60	 211.51	 175.56	 92.50	 160.00	 287.50	 0.028
	 COPD	 48	 147.92	 153.55	 10.00	 100.00	 232.50	
Eosinophils, %	 IPF	 60	 2.54	 1.83	 1.25	 2.10	 3.58	 0.005
	 COPD	 48	 1.58	 1.54	 .10	 1.20	 2.58	
MONOCYTES, n	 IPF	 60	 706.67	 200.45	 592.50	 705.00	 840.00	 0.843
	 COPD	 48	 697.92	 368.37	 550.00	 665.00	 917.50	
Monocytes, %	 IPF	 60	 8.30	 1.93	 7.13	 8.30	 9.48	 0.019
	 COPD	 48	 7.19	 3.40	 5.60	 7.35	 9.35	
Neutrophils, n	 IPF	 60	 6419.42	 8614.93	 4322.50	 5175.00	 6707.50	 0.003
	 COPD	 48	 7159.17	 4050.74	 5307.50	 6525.00	 8137.50	
Neutrophils, %	 IPF	 60	 61.17	 10.61	 53.73	 61.95	 68.53	 0.001
	 COPD	 48	 72.08	 13.25	 60.38	 71.30	 82.68	
NLR	 IPF	 60	 2.91	 2.43	 1.50	 2.26	 3.10	 0.001
	 COPD	 48	 6.56	 6.05	 2.12	 4.65	 9.26	
FVC L	 IPF	 60	 2.85	 .87	 2.14	 2.84	 3.58	 0.048
	 COPD	 48	 3.00	 3.80	 1.88	 2.25	 3.22	
FVC, %	 IPF	 60	 8.57	 18.83	 67.25	 79.00	 92.00	 0.001
	 COPD	 48	 64.46	 22.84	 48.25	 58.50	 88.75	
FEV1 L	 IPF	 60	 2.35	 .66	 1.85	 2.35	 2.91	 0.001
	 COPD	 48	 1.54	 .74	 .87	 1.38	 2.18	
FEV1, %	 IPF	 60	 87.52	 18.73	 73.75	 86.00	 94.00	 0.001
	 COPD	 48	 49.79	 22.98	 31.25	 47.50	 74.50	
FEV1/FVC	 IPF	 60	 89.60	 14.06	 80.03	 86.55	 93.02	 0.001
	 COPD	 48	 63.08	 15.06	 54.16	 61.46	 71.75	
FEF 25/75	 IPF	 60	 4.76	 14.12	 2.09	 2.89	 3.80	 0.001
	 COPD	 48	 2.21	 7.68	 .45	 .75	 1.83	
FEF 25%/75%	 IPF	 60	 93.48	 38.76	 68.00	 98.00	 113.00	 0.001
	 COPD	 48	 28.70	 22.23	 12.25	 19.00	 44.50	
DLCO	 IPF	 58	 5.11	 2.04	 3.53	 5.00	 6.18	 0.720
	 COPD	 41	 5.34	 2.34	 3.23	 5.27	 7.59	

Table continued
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lower in COPD patients than in IPF patients, but 
the number and percentage of neutrophils were 
higher. The neutrophil/lymphocyte ratio (NLR) 
was significantly higher in COPD than in IPF (6.56 
vs. 2.91, respectively). The mean FVC L was low-
er in IPF. The FEV1 L (1.54) and FEV1% (49.8%) 
were significantly lower in COPD patients com-
pared to FEV1 L (2.35) and FEV1% (87.5%) in IPF 
patients. The FEV1/FVC was 89.6% in IFP while 
the mean FEV1/FVC was significantly lower in 
COPD (63%). Typically regarded to reflect small 
airway obstruction, the mean FEF 25/75% was 
93.5% in IPF patients while it was significantly 
lower in COPD patients (28.7%). The parameters 
measured by IOS significantly differed between 
IPF and COPD patients. The resistance values 
were significantly higher in COPD patients com-
pared to IPF patients. The mean R5 was 0.53 in 
COPD patients vs. 0.37 in IFP patients (p=0.004); 
the mean R20 was 0.34 vs. 0.25 (p=0.035), re-
spectively; the mean R5-20 was 0.25 vs. 0.12 
(p=0.003), respectively; and the mean R5-20% 
was 70.17% vs. 44.86% (p=0.02), respectively. 
Reactance values were significantly lower in IPF 
patients compared to COPD patients. The mean 
X5 was -0.08 in IPF patients vs. -0.17 in COPD 
patients (p=0.002); the mean AX was 0.84 in IFP 
patients vs. 2.62 in COPD patients (p=0.001); and 
the mean Fres was 17.55 in IFP patients vs. 22.40 
in COPD patients (p=0.001) (Table II).

Table III shows the associations between the 
RFT parameters and IOS measurements and the 
mMRC, CAT score, GAP score and GOLD stages 
in IPF and COPD patients. 

In the IPF group, there was a significant neg-
ative correlation between the FVC% and FEV1% 
values and the mMRC score, CAT score and GAP 
index. A significant negative correlation was 
found between the DLCO% and KCO values and 
the CAT score and GAP index.

An analysis of the patients with and without 
small airway obstruction (SAO) by FEF 25/75% 
in both IPF and COPD groups showed that CAT 
score, mMRC score and GAP index were simi-
lar in IPF patients while the distribution of CAT 
score, mMRC score and GOLD stage were sim-
ilar in COPD patients. This result indicates that 
SAO status determined by FEF 25/75% in both 
groups was not associated with scores showing 
the grade/severity of disease.

In IPF, a significant positive correlation was 
found between the resistance values R5 and R5-
20% measured by IOS and the mMRC dyspnea 
scale only, and between Fres and mMRC and 
GAP.

Based on this, we can suggest that among IOS 
measurements, only the GAP index has a signif-
icant positive relationship with Fres. In COPD, 
only Fres and AX have a significant positive cor-
relation with the GOLD stage. In addition, there 

Table II (Continued). Comparison of IPF and COPD groups for numerical measurements. 

					     Percentiles	
	 Diagnosis	 N	 Mean	 SD	 25th	 Median	 75th	 p*

DLCO, %	 IPF	 58	 58.84	 19.91	 43.75	 56.00	 71.25	 0.952
	 COPD	 41	 59.95	 26.02	 39.50	 56.00	 75.00	
KCO	 IPF	 58	 1.15	 .42	 .94	 1.10	 1.31	 0.317
	 COPD	 40	 3.50	 15.65	 .76	 1.05	 1.29	
KCO, %	 IPF	 58	 82.00	 22.67	 69.00	 80.00	 91.00	 0.402
	 COPD	 40	 75.71	 32.50	 49.25	 77.00	 98.75	
R5	 IPF	 60	 .37	 .17	 .25	 .33	 .46	 0.004
	 COPD	 48	 .53	 .33	 .32	 .45	 .72	
Resonant frequency	 IPF	 60	 17.55	 5.15	 14.83	 17.28	 19.13	 0.001
(Fres)
	 COPD	 48	 22.40	 6.58	 18.21	 21.33	 26.33	
R20	 IPF	 60	 .25	 .10	 .19	 .24	 .29	 0.035
	 COPD	 48	 .34	 .25	 .20	 .28	 .35	
AX	 IPF	 60	 .84	 .94	 .26	 .57	 1.12	 0.001
	 KOAH	 48	 2.62	 2.90	 .55	 1.84	 3.71	
R5-20, %	 IPF	 60	 44.86	 25.98	 24.21	 43.50	 64.59	 0.022
	 COPD	 48	 70.17	 51.24	 31.26	 52.47	 103.31	
R5-20	 IPF	 60	 .12	 .10	 .05	 .11	 .20	 0.003
	 COPD	 48	 .25	 .23	 .07	 .18	 .36	
X5	 IPF	 60	 -.08	 .07	 -.12	 -.08	 -.04	 0.002
	 COPD	 48	 -.17	 .23	 -.26	 -.14	 -.06	

*: Mann-Whitney U test.
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Table III. The associations between the PFT parameters and IOS measurements and the mMRC, CAT score, GAP stage and 
GOLD stage. 

	 MMRC	 CAT SCORE	 GAP INDEX	 Gold Stage

Diagnosis		  N	 r	 p*	 N	 r	 p*	 N	 r	 p*	 N	 r	 p*

IPF	 FVC, L	 60	 -.377	 .003	 60	 -.350	 .006	 60	 -.149	 .256			 
	 FVC, %	 60	 -.465	 .000	 60	 -.411	 .001	 60	 -.517	 .001			 
	 FEV1, L	 60	 -.398	 .002	 60	 -.353	 .006	 60	 -.180	 .169			 
	 FEV1, %	 60	 -.414	 .001	 60	 -.342	 .008	 60	 -.389	 .002			 
	 FEV1/FVC	 60	 .121	 .358	 60	 .108	 .412	 60	 .247	 .050			 
	 FEF 25/75, L	 60	 -.122	 .352	 60	 -.071	 .591	 60	 -.023	 .862			 
	 FEF 25/75, %	 60	 -.078	 .552	 60	 .018	 .890	 60	 .150	 .251			 
	 DLCO	 58	 -.229	 .084	 58	 -.249	 .060	 58	 -.367	 .005			 
	 DLCO, %	 58	 -.244	 .065	 58	 -.293	 .026	 58	 -.491	 .000			 
	 KCO	 58	 -.162	 .224	 58	 -.255	 .050	 58	 -.398	 .002			 
	 KCO, %	 58	 -.214	 .107	 58	 -.302	 .021	 58	 -.217	 .102			 
	 R5	 60	 .250	 .050	 60	 .051	 .699	 60	 .022	 .865			 
	 Fres	 60	 .325	 .011	 60	 .130	 .321	 60	 .252	 .050			 
	 R20	 60	 .179	 .172	 60	 .020	 .880	 60	 -.019	 .885			 
	 AX	 60	 .221	 .090	 60	 .028	 .832	 60	 .050	 .707			 
	 R5-20, %	 60	 .275	 .034	 60	 .065	 .619	 60	 .164	 .211			 
	 R5-20	 60	 .221	 .089	 60	 -.002	 .985	 60	 .035	 .791			 
	 X5	 60	 -.204	 .118	 60	 -.065	 .622	 60	 -.006	 .964			 

COPD	 FVC, L	 48	 -.428	 .002	 48	 -.369	 .010				    48	 -.572	 .001
	 FVC, %	 48	 -.421	 .003	 48	 -.281	 .050				    48	 -.528	 .001
	 FEV1, L	 48	 -.497	 .000	 48	 -.417	 .003				    48	 -.493	 .001
	 FEV1, %	 48	 -.476	 .001	 48	 -.394	 .006				    48	 -.540	 .001
	 FEV1/FVC	 48	 -.352	 .014	 48	 -.431	 .002				    48	 -.276	 .057
	 FEF 25/75, L	 48	 -.286	 .049	 48	 -.273	 .060				    48	 -.303	 .037
	 FEF 25/75, %	 48	 -.366	 .010	 48	 -.326	 .024				    48	 -.340	 .018
	 DLCO	 41	 -.366	 .019	 41	 -.224	 .160				    41	 -.265	 .094
	 DLCO, %	 41	 -.253	 .110	 41	 -.101	 .531				    41	 -.265	 .094
	 KCO	 40	 -.169	 .298	 40	 -.075	 .646				    40	 -.239	 .137
	 KCO, %	 40	 -.080	 .623	 40	 .009	 .954				    40	 -.059	 .719
	 R5	 48	 .421	 .003	 48	 .244	 .095				    48	 .268	 .066
	 Fres	 48	 .498	 .000	 48	 .296	 .041				    48	 .346	 .016
	 R20	 48	 .292	 .044	 48	 .123	 .407				    48	 .140	 .344
	 AX	 48	 .511	 .000	 48	 .388	 .006				    48	 .457	 .001
	 R5-20, %	 48	 .356	 .013	 48	 .299	 .039				    48	 .259	 .076
	 R5-20	 48	 .338	 .019	 48	 .164	 .266				    48	 .229	 .118
	 X5	 48	 -.072	 .627	 48	 -.069	 .643				    48	 -.044	 .765

was a positive relationship, with a trend for statis-
tical significance (p<0.10), between the resistance 
values R5 and R5-20% and the GOLD stage.

The correlation between the values measured by 
Impulse Oscillometry reflecting the small airway 
involvement and the conventional measurements 
(PFT) in IPF and COPD patients is shown in Table 
IV. For example, a significant negative correlation 
was observed between FVC L and the R5, Fres, 
R20, AX, R5-20% and R5-20 values in IPF pa-
tients, while no significant relationship was found 
with X5. In COPD patients, there was a significant 
negative correlation between FVC L and R5, Fres, 
AX, R5-20% and R5-20 while a significant posi-
tive correlation was found with X5. Overall, there 

are meaningful correlation between the IOS and 
PFT measurements as well as some small differ-
ences in both IPF and COPD patients. 

Discussion 

The present study compared the small airway 
involvement assessed by IOS with laboratory 
and disease-related prognostic factors in IPF and 
COPD patients. We found that the values mea-
sured by impulse oscillometry are consistent with 
PFT results, and even more sensitive in demon-
strating small airway resistance. Use of IOS may 
be beneficial, particularly in patients who cannot 

*: Spearman Rank correlation analysis.
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Table IV. Relationship between IOS and PFT measurements in IPF and COPD patients.

	 Diagnosis

	 IPF	 COPD

		  R5	 Fres.	 R20	 AX	 R5-20%	 R5-20	 X5	 R5	 Fres.	 R20	 AX	 R5-20%	 R5-20	 X5

FVC, L	 r	 -.375	 -.411	 -.289	 -.366	 -.292	 -.453	 .098	 -.345	 -.365	 -.198	 -.506	 -.362	 -.396	 .282
	 p*	 .003	 .001	 .025	 .004	 .024	 .000	 .456	 .016	 .011	 .176	 .000	 .011	 .005	 .050
	 N	 60	 60	 60	 60	 60	 60	 60	 48	 48	 48	 48	 48	 48	 48
FVC,	 r	 -.133	 -.449	 -.065	 -.120	 -.254	 -.245	 -.050	 -.168	 -.399	 -.068	 -.309	 -.295	 -.246	 -.016
	 p	 .310	 .000	 .624	 .360	 .050	 .050	 .706	 .255	 .005	 .644	 .032	 .042	 .092	 .914
	 N	 60	 60	 60	 60	 60	 60	 60	 48	 48	 48	 48	 48	 48	 48
FEV1, L	 r	 -.426	 -.442	 -.349	 -.431	 -.318	 -.475	 .193	 -.436	 -.555	 -.227	 -.541	 -.510	 -.476	 .281
	 p	 .001	 .000	 .006	 .001	 .013	 .000	 .139	 .002	 .000	 .121	 .000	 .000	 .001	 .050
	 N	 60	 60	 60	 60	 60	 60	 60	 48	 48	 48	 48	 48	 48	 48
FEV1,	 r	 -.200	 -.472	 -.122	 -.205	 -.296	 -.304	 .066	 -.211	 -.476	 -.047	 -.303	 -.358	 -.252	 .093
	 p	 .125	 .000	 .352	 .117	 .022	 .018	 .616	 .150	 .001	 .752	 .036	 .013	 .084	 .531
	 N	 60	 60	 60	 60	 60	 60	 60	 48	 48	 48	 48	 48	 48	 48
FEV1/FVC	 r	 -.073	 .190	 -.144	 -.077	 .069	 .045	 .274	 -.123	 -.333	 .008	 -.138	 -.202	 -.050	 .157
	 p	 .578	 .146	 .272	 .559	 .600	 .733	 .034	 .404	 .021	 .959	 .351	 .170	 .734	 .287
	 N	 60	 60	 60	 60	 60	 60	 60	 48	 48	 48	 48	 48	 48	 48
FEF 25/75, L	 r	 -.378	 -.278	 -.316	 -.437	 -.308	 -.385	 .360	 -.333	 -.352	 -.179	 -.339	 -.325	 -.296	 .111
	 p	 .003	 .032	 .014	 .000	 .017	 .002	 .005	 .021	 .014	 .223	 .018	 .024	 .041	 .453
	 N	 60	 60	 60	 60	 60	 60	 60	 48	 48	 48	 48	 48	 48	 48
FEF 25/75, %	 r	 -.380	 -.282	 -.324	 -.410	 -.314	 -.393	 .382	 -.264	 -.523	 -.106	 -.289	 -.393	 -.280	 .102
	 p	 .003	 .029	 .012	 .001	 .015	 .002	 .003	 .070	 .000	 .472	 .047	 .006	 .050	 .492
	 N	 60	 60	 60	 60	 60	 60	 60	 48	 48	 48	 48	 48	 48	 48
DLCO	 r	 -.201	 -.295	 -.070	 -.272	 -.385	 -.309	 .242	 -.394	 -.189	 -.245	 -.386	 -.241	 -.304	 .259
	 p	 .131	 .025	 .599	 .039	 .003	 .018	 .067	 .011	 .237	 .122	 .013	 .129	 .050	 .102
	 N	 58	 58	 58	 58	 58	 58	 58	 41	 41	 41	 41	 41	 41	 41
DLCO, %	 r	 -.237	 -.323	 -.119	 -.274	 -.355	 -.274	 .192	 -.416	 -.159	 -.314	 -.350	 -.256	 -.276	 .211
	 p	 .073	 .013	 .375	 .037	 .006	 .037	 .148	 .007	 .321	 .046	 .025	 .106	 .081	 .186
	 N	 58	 58	 58	 58	 58	 58	 58	 41	 41	 41	 41	 41	 41	 41
KCO	 r	 -.063	 -.206	 -.009	 -.112	 -.135	 -.158	 .015	 -.004	 -.016	 .071	 -.018	 -.060	 .094	 .080
	 p	 .636	 .120	 .947	 .401	 .311	 .237	 .912	 .983	 .921	 .662	 .914	 .715	 .566	 .622
	 N	 58	 58	 58	 58	 58	 58	 58	 40	 40	 40	 40	 40	 40	 40
KCO, %	 r	 -.156	 -.329	 -.053	 -.254	 -.289	 -.336	 ,179	 .096	 .118	 .122	 .147	 .078	 .206	 -.030
	 p	 .242	 .012	 .691	 .050	 .028	 .010	 ,178	 .556	 .467	 .452	 .366	 .630	 .203	 .852
	 N	 58	 58	 58	 58	 58	 58	 58	 40	 40	 40	 40	 40	 40	 40

*: Spearman Rank correlation analysis.

perform effort dependent exhalation due to severe 
dyspnea or cough. It seems that COPD patients 
had a higher rate of peripheral airway dysfunction 
compared to IPF patients based on the analysis of 
resistance and reactance assessments. 

IOS in IPF
It is known that IPF primarily involves the in-

terstitium and the alveolar regions; however, re-
cent data suggest that it also affects the airways17. 
The pathogenesis of IPF includes reduced lung 
compliance and lung volumes, impaired pulmo-
nary gas exchange, reduced diffusion capacity 
and increased pulmonary hemodynamics5. The 
resulting effort dyspnea is the most prominent 
symptom in IPF patients, and symptom scores 
such as CAD can also be used in IPF5. FVC is a 

key measure of disease severity in IPF. However, 
one in ten patients with IPF has reversible airflow 
obstruction18. In a study by Verleden et al6 who 
evaluated IPF patients with multi-detector CT, 
microCT and histology, IPF patients had a 60% 
reduction in terminal bronchioles, particularly in 
minimal fibrosis regions compared to a healthy 
group. They have postulated that small airway 
disease is a component of IPF, and it could be-
come a potential therapeutic target in IPF6.

In our study, FEV1/FVC was 90% in IPF pa-
tients while it was significantly lower in COPD, 
with a mean FEV1/FVC of 63%. The mean FEF 
25/75% was 94% in IPF patients, and it was sig-
nificantly lower in COPD patients (29%). We 
observed that FEV1/FVC is a valid and effective 
measure in differentiation of obstructive and re-



Assessment of small airway dysfunction by IOS in COPD and IPF patients

3041

strictive diseases. When the FEF25/75%, typi-
cally assessing the small airway involvement is 
considered, it was significantly higher in COPD 
patients than in IPF. Noord et al19 reported that the 
changes in resistance and reactance are not spe-
cific to restrictive lung diseases, and they cannot 
be explained only by increased resistance in lung 
tissue and reduced lung compliance, and similar 
changes are also observed in obstructive lung dis-
eases. Thus, they claimed that IOS cannot differ-
entiate between obstructive and restrictive lung 
diseases19.

Likewise, we also found that the IOS values 
in IPF were similar to those in COPD, with in-
creased resistance (R) and reduced reactance (X). 
However, the impact was not as clear as in COPD. 

In a study by Hu et al5 with 63 IPF patients, 
the mean IOS values were as follows; R5-20, 0.08; 
X5, 0.15; AX, 0.69; and Fres, 17.5, which were 
similar to our results; R5-20, 0.12; X5, -0.8; AX, 
0.84; and Fres, 16. 

Subsequent studies reported that X5 could be 
the most useful parameter, and the inspiratory-ex-
piratory variability was different than in COPD7. 
It was shown that X5 value increased in exhalation 
in IPF, but decreased in COPD, and again in IPF, 
X5 was inversely correlated with VC and DLCO. 
In a study comparing the patients with combined 
pulmonary fibrosis emphysema (CPFE) with IPF 
and COPD patients, X5, which reflects expirato-
ry flow limitation, was significantly higher in ex-
halation in CPFE than in IPF, and lower than in 
COPD, and thus they concluded that both emphy-
sema and fibrosis affect pulmonary functions20. In 
our study, the mean X5 was -0.08 and -0.17 in IPF 
and COPD patients, respectively (p<0.05). 

In the study by Hu et al5, on small airways in 
IPF, IOS parameters R5-R20, X5 and Fres showed 
no correlation with lung function parameters and 
symptom scores. Among IOS parameters, only 
AX was correlated with FEV1% ve FEF25/75 and 
SGRQ. They also showed no correlation between 
FVC%, FEV1% and FEF25-75% and SGRQ score 
or CAT score and found that DLCO was correlat-
ed with SGRQ5. In our study, an analysis of the 
correlation between IOS measurements and other 
parameters showed that there was only a signif-
icant positive correlation between the resistance 
R5 as measured by IOS and mMRC dyspnea 
scale, and between Fres and mMRC and GAP in 
IPF. Based on this, we can postulate that there is 
no correlation between the GAP index, indicating 
the severity of IPF disease and the IOS parame-
ters, except for Fres. 

IOS in COPD 
In COPD, it is suggested that the early patho-

logical change is a respiratory bronchiolitis that 
occurs in small airways, and it can be typically re-
flected by FEF 25/75 in spirometry. However, they 
had a weak association as shown by some studies16. 
ECLIPSE study16 showed no significant relation-
ship between the presence of small airway disease 
and the R5-20 and FEF 25/75 values. A study by 
Su et al3 which evaluated the small airways by en-
dobronchial optical coherence tomography (EB-
OCT) reported that the especially morphological 
changes in small airways shown in early COPD 
were compatible with IOS parameters.

In obstructive airway diseases, particularly 
R5-R20 and Fres were found to be correlated with 
airflow limitation3. As the disease advances, IOS 
values worsen7. The ECLIPSE cohort study rep-
resents a large data set where IOS was evaluated 
in 2,054 COPD patients. This study showed that 
R5-R20 increased as the severity of disease in-
creased and was significantly higher compared to 
the healthy subjects16. The mean R5-20 was 0.15, 
0.20, 0.24 and 0.07 in GOLD stages 2, 3, and 4, and 
the control groups, respectively, which suggests 
that small airways are responsible for increased 
pulmonary resistance rather than large airways. 
In our study, among IOS parameters, only Fres 
and AX showed a significant positive relationship 
with GOLD stages A, B, and D, which indicate 
severity of disease for COPD. Additionally, a pos-
itive relationship, with a trend for statistical sig-
nificance (p<0.10), was observed between the R5 
and R5-20% values and the GOLD stage.

Although there are no defined reference values 
for COPD, pragmatic IOS cut offs were proposed 
for R5> 0.5 kPa/L/s, R5-20 > 0.10 kPa/L/s, AX > 
1.0 kPa/L as being pathologically abnormal8. In 
the ECLIPSE cohort, the mean IOS values were 
R5, 0.49; R20, 0.30; R5-20, 0.06; x5, -0.09; AX, 
0.34; and FRES, 12.1 in COPD patients16, and in 
our study these values also increased as follows: 
R5, 0.53; R20, 0.34; r5-20, 0.25; x5, -0.17; AX, 
2.62; and FRES, 22.4. 

Many studies21,22 showed a significant correlation 
between oscillometry and spirometry parameters 
in patients with COPD. In a study comparing spi-
rometry with ISO in 25 COPD patients, Mousa and 
Kamal21 showed that there was a significant correla-
tion between FEV1/FVC, FVC, FEV1%, MEF75%, 
MEF75-85% and R5% (negative) and X5 (positive), 
and a negative correlation between R20% and FEV1/
FVC only. Based on these results, they concluded that 
spirometry was better in displaying larger airway 
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dysfunction, and IOS is more sensitive in detection 
of small airway obstruction than spirometry. In our 
study, an analysis of IOS values show that there was 
no correlation between the R20 value, mainly reflect-
ing the large airways, and the PFT results or DLCO, 
and X5 had no strong correlation as in other IOS 
parameters. R5-20%, assumed to reflect the small 
airway pathology most distinctively was also the 
strongest parameter in our study, showing a negative 
correlation with FVC L, FEV1% and FEF25/75. AX 
and Fres also showed significant negative correlation 
with FVC L, FVC%, FEV1 L, FEV1% and FEF25/75. 

It is widely accepted that IOS measurements 
can provide information about the quality of life 
and dyspnea, and in a study by Haruna et al22 with 
65 COPD patients, R5-R20 and X5 were shown to 
be the two parameters having the strongest cor-
relation with SGRQ and mMRC scores. However, 
Anderson and Lipworth23 found no correlation 
between mMRC dyspnea scale and IOS. In our 
study, Fres, AX, and R5-20% were significant-
ly correlated with both mMRC and CAT scores. 
While R5 and R20 were correlated with mMRC, 
X5 had no correlation with mMRC dyspnea score 
and CAT quality of life questionnaire. Frantz et 
al24 also reported that the symptoms in COPD 
patients, in the absence of confirmation by spi-
rometry according to GOLD criteria, were highly 
correlated with parameters measured by IOS, and 
thus IOS may have a potential to detect COPD 
earlier than spirometry.

Strengths
The fact that it was conducted in a major pul-

monology hospital with many COPD and IPF pa-
tients and that PFT and IOS measurements were 
carried out by the same team contribute to the 
strength and reliability of the study.

Limitations
The limitation of the study is that it was carried 

out in a single center with a restricted number of 
patients, and IOS measurements still lack stan-
dard reference values for COPD and IPF. 

Conclusions

IOS is very useful in COPD and IPF patients 
who cannot exhale due to shortness of breath 
and severe coughing as it is non-invasive, 
easy-to-administer and effort independent. IOS 
measurements, mainly R5-20% which reflects 
the small airway resistance, are compatible, 

and even more sensitive than PFT in detection 
of small airway dysfunction. Although they are 
correlated with dyspnea, quality of life, weight, 
and prognosis of the patient, the IOS measure-
ments in COPD are higher than in IPF, which 
suggests that small airway resistance is more 
pronounced. We believe that use of IOS, which 
is limited and mainly used in clinical studies, in 
patients who are unable to perform spirometry 
or combined routine use with PFT may be ben-
eficial in diagnosis, follow-up and management 
of COPD and IPF patients with small airway 
dysfunction. There is a need for large cohort 
studies to obtain data on the clinical use of IOS 
in COPD and IPF and determine its reference 
values and management of the disease.
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