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Purpose: Smoking-induced bronchiolitis with progressive small airway dysfunction (SAD) 
is a leading cause of chronic obstructive pulmonary disease. We investigated the value of 
using the impulse oscillometry system (IOS) to detect SAD in asymptomatic smokers with 
preserved spirometry.
Patients and Methods: We included 75 asymptomatic smokers (37 females, mean age 47 
±12 years, 26±17 pack/year) with preserved spirometry [forced expiratory volume at 
1st second (FEV1)/forced vital capacity (FVC) ≥0.70 and normal FVC] and 34 never- 
smokers (19 females, mean age 42±15 years).
Results: In smokers, pack/years were significantly related to spirometry and IOS parameters 
(p < 0.05). The values of the fall in resistance from 5 Hz to 20 Hz (R5 – R20) were 
significantly and inversely related to the values of the ratio of forced expiratory volume in 3 
and in 6 seconds (FEV3/FEV6) (p < 0.05). In addition, the percentage of heavy smokers (≥30 
pack/year) with R5 – R20 >0.07 kPa·s·L−1, considered as IOS index of SAD, but not with 
FEV3/FEV6 less than a lower limit of normal, a spirometry index of SAD, was significantly 
higher than that of mild smokers (<30 pack/year) and never-smokers (p < 0.05).
Conclusion: This study demonstrates that IOS has the potential to detect SAD in asympto
matic heavy smokers with preserved spirometry and with FEV3/FEV6 values in the normal 
range. We confirm that IOS provides parameters which can complement traditional measure
ments of pulmonary function.
Keywords: small airway dysfunction, impulse oscillometry system, spirometry, smokers, 
COPD

Introduction
Cigarette smoking is a well-known, causative factor for Chronic Obstructive 
Pulmonary Disease (COPD). Notably, it has been shown that smoking-induced 
bronchiolitis with progressive small airway dysfunction (SAD) is a leading cause 
of COPD.1

Since the lung has a wide functional reserve capacity, significant changes in 
pulmonary function may well occur before smokers complain of respiratory symp
toms. It is possible for symptomatic smokers to exhibit preserved spirometry 
[Forced Expiratory Volume at 1st second (FEV1)/Forced Vital Capacity (FVC) 
≥0.70 and FVC above the lower limit of the normal range], so that SAD can only 
be diagnosed by a high-resolution computed tomographic (HRCT) scan of the 
chest.2 It is worth noting that FEV1 mainly reflects large airway obstruction, 
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whereas later fraction of forced exhalation better reflects 
smaller airway patency and, thus, its measurement may be 
more sensitive in order to intercept reduction in terminal 
expiratory flows.3 Furthermore, the ratio of forced expira
tory volume in 3 and in 6 seconds (FEV3/FEV6) less than 
lower limit of normal (LLN) was the sole spirometric 
parameter able to identify a distinct population of current 
or ex-smokers with evidence of SAD at the quantitative 
CT scanning.4

Noteworthy is the fact that the Impulse Oscillometry 
System (IOS) measures the lungs’ mechanical properties 
during quiet tidal breathing by the application of minimal 
pressures at the mouth.5 IOS may provide parameters 
which complement traditional measurements of pulmonary 
function, such as spirometry, lung volume, or diffusing 
capacity.5 The fall in resistance from 5 Hz to 20 Hz 
(R5 – R20) is considered a IOS measure of the small 
airways resistances.5,6 Intriguingly, IOS has the potential 
to detect SAD even in the setting of normal spirometry.6 

Furthermore, in symptomatic smokers with spirometry in 
the normal range, peripheral airway dysfunction assessed 
by IOS parameters was significantly related to wheeze.7

The aim of this study was to investigate the value of 
IOS to detect SAD in a cohort of smokers showing pre
served spirometry and not complaining of any chronic 
respiratory symptoms. We hypothesized that a smoking- 
induced SAD is already present even in these subjects and 
that it can be revealed by IOS. Furthermore, as 
a secondary outcome, we evaluated the relationship 
between R5 – R20 and FEV3/FEV6, both being simple 
and easy to perform tools for assessing small airway 
function.

Methods
Study Design and Subjects
This was a single-center, observational cross-sectional 
study conducted in a single session between 
October 2018 and December 2019 at the Lung Function 
Unit of University Hospital of Parma. We prospectively 
recruited individuals over 18 years of age, referred to the 
Center for smoking cessation of the University Hospital of 
Parma and who came to our Unit to receive pulmonary 
function testing.

We only included smokers with preserved spirometry and 
without respiratory symptoms or any history of pulmonary or 
cardiac disease, apart from well-controlled systemic 

hypertension. We also enrolled healthy, age and sex- 
matched subjects who had never smoked to serve as 
a control group.

Anthropometric variables, including age, sex, and body 
mass index (BMI) were collected in both groups of sub
jects as well as number of pack/year in the group of 
smokers. All subjects underwent IOS and spirometry, and 
smokers were instructed to abstain from smoking at least 1 
h before testing. Written informed consent was obtained 
from all participants. The study protocol was approved by 
the regional ethics committee (Comitato Etico di Area 
Vasta Emilia Nord, Parma; approval number 36782; 
dated 28/09/2018).

Oscillometry and Spirometry 
Measurements
IOS was carried out according to current 
recommendations5 by means of the Jaeger MasterScreen– 
IOS (CareFusion Technologies, San Diego, CA, USA), as 
previously described.8 Airway resistance detected at 5 Hz 
and 20 Hz (R5 and R20, expressed in kPa·s·L−1) repre
sented indices of total and proximal airway resistance, 
respectively. The R5 – R20 value, ie, the index of the 
small airways resistances5,6 greater than 0.070 kPa·s·L−1 

was chosen to identify the presence of SAD.9–11 The 
reactance detected at 5 Hz (X5, expressed as kPa·s·L−1) 
and the integrated area of low-frequency reactance (AX, 
expressed as kPa·L−1) from 5 Hz to resonant frequency 
(FRes, expressed as Hz) were markers of peripheral air
way abnormalities.

Spirometry was performed according to current inter
national guidelines.12 FEV1, FVC, FEV1/FVC ratio, forced 
expiratory flow in the middle half of the exhaled volume 
(FEF25-75), and FEV3/FEV6 ratio were recorded.

Detailed information on methods concerning IOS and 
spirometry are reported in the Supplementary Data.

Statistical Analysis
The normal distribution of investigated variables was 
assessed via the Shapiro–Wilk test. Continuous variables 
characterized by non-normal distribution were reported as 
medians and 1st and 3rd quartiles. Continuous variables 
characterized by normal distribution were reported as 
means ± standard deviation (SD). The number of patients 
and percentage were used as categorical variables.

The statistical analysis of continuous variables was 
performed via the test or the nonparametric Mann– 
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Whitney test; the Bonferroni post-hoc analysis, the 
ANOVA, and the nonparametric Kruskal–Wallis test 
were carried out for multiple comparisons; the statistical 
analysis of categorical variables was carried out via the χ2 

test, χ2 for trend test or Fisher exact test, as previously 
described.13

Concerning the correlation analysis, the Pearson (r) cor
relation coefficient was used for linear or normally distrib
uted variables; the Spearman (ρ) correlation coefficient was 
used for not linear or not normally distributed variables.

The statistical significance was set for p value <0.05.

Results
We included 75 asymptomatic smokers (37 females, mean 
age 47±12 years, 26±17 pack/year) with preserved spiro
metry and 34 normal never-smokers (19 females, mean 
age 42±15 years). Smokers had a significantly larger BMI 
(25±3 vs 24±3 Kg/m2, p< 0.05) and lower values of FVC 
(105±13 vs 112±14% pred, p< 0.05), FEV1 (102±13 vs 
107±13%, p< 0.05) and FEV3/FEV6 (0.94±0.02 vs 0.96 
±0.03, p< 0.05), and higher values of R5-R20 (0.047±0.07 
vs 0.026±0.03 kPa·s·L−1, p< 0.05) than normal never- 
smokers. In all smokers, pack/years were significantly 
related to spirometry (FVC, FEV1, FEV1/FVC, FEV3/ 
FEV6, FEF25-75) and IOS parameters (R5-R20, AX, 
FRes) (Table 1). In addition, in the same subjects, FEV3/ 
FEV6 values were significantly related to R5-R20, X5, AX 
and FRes values (Table 2).

When smokers were subdivided according to the num
ber of pack/year in mild smokers (<30) and in heavy 
smokers (≥30), we found that heavy smokers were signifi
cantly older and had a higher BMI, as compared to mild 

smokers and healthy subjects (Table 3). Heavy smokers 
also differed significantly in spirometry and in IOS para
meters when compared to mild smokers and healthy sub
jects (Table 3). Moreover, two subjects out of 34 healthy 
controls (6%), 2 out of 39 mild smokers (5%), and 9 out of 
36 heavy smokers (25%) showed a R5 – R20 value > 0.07 
kPa·s·L−1 (p = 0.013) (Figure 1). In contrast, two subjects 
out of 34 healthy controls (6%), 1 out of 39 mild smokers 
(2.5%), and 3 out of 36 heavy smokers (8%) showed 
a FEV3/FEV6 value less than LNN (p = ns).

Discussion
The main finding of the present study is that IOS has the 
potential to detect SAD in asymptomatic heavy smokers 
with preserved spirometry. Notably, the percentage of 
heavy smokers (≥ 30 pack/year) with a R5 – R20 value 
> 0.07 kPa·s·L−1, when considered an index of SAD, was 
significantly higher than that of normal never-smokers and 
mild smokers. In addition, R5-R20 values were signifi
cantly related to FEV3/FEV6, a spirometry parameter of 
SAD. However, the percentage of subjects with FEV3/ 
FEV6 values less than LLN in heavy smokers was not 
different than that of normal never-smokers. Lastly, we 
found that, in all smokers, the number of pack/year was 
significantly related both to IOS and spirometry 
parameters.

Previous studies showed that spirometry was less sen
sitive in detecting both small and large airway dysfunction, 
as compared to IOS across a broad spectrum of clinical 
and research settings.5,14–17 In a cohort of ironworkers 
exposed to the catastrophic events at the World Trade 
Center (WTC), Skloot et al14 showed that IOS revealed 
airway obstruction, expressed by abnormal R5 value, in 
53% of subjects, while spirometry identified obstruction, 
defined by FEV1/FVC ≤ 0.70 and FEV1< 80% pred, in 
only 17% of subjects. Tellingly, in symptomatic indivi
duals with WTC dust/fume exposure and normal 

Table 1 Pearson (r) or Spearman (ρ) Correlation Coefficients 
and Corresponding p values of Pack/Year When Related to 
Spirometry and IOS Parameters in 75 Smokers

FVC (% pred) r = −0.245 p = 0.034
FEV1 (% pred) r = −0.373 p = 0.001
FEV1/FVC (%) r = −0.516 p = 0.001
FEF25-75 (% pred) r = −0.414 p = 0.001
FEV3/FEV6 (%) r = −0.516 p = 0.001
R5 (kPa·s·L−1) r = 0.175 p = n.s.

R20 (kPa·s·L−1) r = −0.049 p = n.s.

R5-R20 (kPa·s·L−1) r = 0.284 p = 0.014
AX (kPa·L−1) ρ = 0. 235 p = 0.042
X5 (kPa·s·L−1) ρ = −0.189 p = n.s.

FRes (Hz) ρ = 0. 283 p = 0.014

Note: Bold text indicates statistical significance.

Table 2 Pearson (r) or Spearman (ρ) Correlation Coefficients 
and Corresponding p values of FEV3/FEV6 When Related to IOS 
Parameters in 75 Smokers

R5 (kPa·s·L−1) r = −0.304 p = 0.008

R20 (kPa·s·L−1) r = −0.181 p = n.s.

R5-R20 (kPa·s·L−1) r = −0.333 p = 0.003
AX (kPa·L−1) ρ = −0. 293 p = 0.011
X5 (kPa·s·L−1) ρ = 0.252 p = 0.029

FRes (Hz) ρ = −0. 310 p = 0.007

Note: Bold text indicates statistical significance.
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spirometry, Oppenheimer et al9 found both elevated global 
airway resistance and heterogeneity of distal airway func
tion, demonstrated by IOS. In addition, in subjects with 
chronic respiratory symptoms and normal spirometry, IOS 
was more sensitive in revealing SAD and correlated better 
with symptoms than spirometry.15 In patients with COPD, 
IOS parameters showed a better correlation with small 
airway changes assessed by endo-bronchial optical coher
ence tomography than spirometry.16 In asthmatic patients 
with normal FEV1 values, IOS revealed SAD, which was 
found to be associated with poor disease control and 
a history of asthma exacerbations.17 The results of the 
present study, in showing a SAD revealed by IOS in 
asymptomatic smokers with preserved spirometry, further 
confirm and extend the previous findings.

In all smokers, we found a significant inverse correlation 
between pack/years and spirometry and a direct significant 
correlation between pack/years and IOS parameters. Though 
correlation does not imply causality, we can speculate that 
a smoking habit has already had deleterious effects on the 
pulmonary function of smokers without respiratory symp
toms and with preserved spirometry. It is of note that in mild 
smokers with as little as 10 pack/years smoking history, an 
impairment in both the conductive and acinar lung zone 
compartments of the lung, assessed by multiple breath wash
out test, was found.18 Furthermore, some histologic aspects 
of respiratory bronchiolitis were found in young smokers 
who died a sudden non-hospital death.19

In the present study, we found that heavy smokers were 
older, with higher BMI, lower values of spirometry, and 
higher values of total and peripheral resistances by IOS 
than mild smokers, but they were not different in sex. We 
cannot exclude that being overweight and mild obesity, 
which were more prevalent in the heavy smokers, signifi
cantly influenced per se pulmonary function in these 
patients. It is worth noting that an increased cigarette 
consumption among smokers was found to be significantly 
associated with higher BMI20 and that physical inactivity 
might be a poor behavioral habit mediating the smoking- 
BMI connection.20,21 Notably, in this study we found 
a direct significant correlation between pack/years and 
BMI (data not shown).

Among spirometry parameters, a reduced FEF25-75 is 
considered to be an index of airway obstruction in periph
eral bronchioles.22 Accordingly, small airway dysfunction 
is commonly diagnosed on the basis of FEF25-75 value 
less than 60%10 or 65%23 of predicted value, in relation to 
different clinical settings. However, the wide range of 
normal values of FEF25-75, as compared to other spiro
metry index, causes an unacceptably great number of 
false-positives and false negatives in the assessment of 
SAD.3 By contrast, the spirometry parameters for asses
sing the later fraction of forced exhalation, such as FEV3/ 
FEV6, are considered reliable measurements of peripheral 
airway patency.3,4 In the present study, we found that 
FEV3/FEV6 was strictly related to all IOS markers of 

Table 3 Characteristics of Healthy Controls and Asymptomatic Mild (<30 Pack/Year) and Heavy (≥30 Pack/Year) Smokers with 
Preserved Spirometry

Never-Smokers (No. 34) Mild Smokers (No. 39) Heavy Smokers (No. 36) p

Age (yr) 42±15 41±11 53±10 <0.01*
Sex (F%) 56 46 53 n.s.

BMI (Kg/m2) 24±3 24±3 27±4 <0.01*
Pack/year … 14.5±7 41.4±14 …

FVC (% pred) 112±14 107±12 101±13 <0.01#

FEV1 (% pred) 107±13 106±12 97±13 <0.01*
FEV1/FVC (%) 0.81±0.07 0.81±0.05 0.76±0.05 <0.01*
FEV3/FEV6 (%) 0.81±0.07 0.81±0.05 0.76±0.05 <0.01*
FEF25-75 (% pred) 83±25 95±24 72±30 <0.01§

R5 (kPa·s·L−1) 0.348±0.09 0.351±0.09 0.426±0.16 <0.05*
R20 (kPa·s·L−1) 0.322±0.07 0.326±0.08 0.354±0.10 n.s.
R5-R20 (kPa·s·L−1) 0.026±0.03 0.025±0.03 0.071±0.09 <0.01*
AX (kPa·L−1) 0.20 [0.14–0.34] 0.20 [0.12–0.37] 0.32 [0.16–0.81] n.s.

X5 (kPa·s·L−1) −0.09 [−0.11–0.07] −0.09 [−0.12–0.07] −0.11 [−0.15–0.08] <0.05*
FRes (Hz) 10.6 [9.0–13.8] 10.3 [8.9–14.8] 14.9 [9.2–18.4] n.s.

Notes: Values are expressed as mean ± SD, median [25–75% percentile] or %. Bold text indicates statistical significance. *Heavy Smokers vs Healthy Subjects and Mild 
Smokers, #Heavy Smokers vs Healthy Subjects, §Heavy Smokers vs Mild Smokers.
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peripheral airway abnormalities. However, unlike R5-R20, 
FEV3/FEV6 was not able to intercept SAD among asymp
tomatic smokers with spirometry in the normal range. The 
greater diagnostic sensitivity of IOS compared to spirome
try could be due to the greater simplicity in performing 
IOS, which requires the subject to simply breathe at tidal 
volume without any specific cooperation.

Some limitations should be acknowledged in this study. 
First, IOS measurement is still lacking universally accepted 
normal references values; therefore, we used only the abso
lute values and not those expressed as the percentage of the 
predicted value when we compared smokers and normal 
control subjects. Studies on large samples of normal healthy 
populations are needed to obtain IOS reference values. 
Secondly, due to cross-sectional nature of this study, we 

cannot predict that smokers with SAD will become COPD 
patients. Further long-term follow-up studies are required to 
investigate the relationship between SAD, assessed by IOS, 
and the development of COPD. Lastly, in this study we used 
IOS and spirometry to early identify SAD in smokers. CT 
scans2 and nitrogen washouts18 have been advocated for 
early detection of peripheral airways disease in smokers 
with preserved spirometry; however, they are not relevant 
for routinely detecting early signs of SAD and mainly remain 
research tools without practical, economical, or a safety ratio
nale at this stage.

Conclusion
We conclude that asymptomatic smokers with spirometry 
in the normal range may have SAD, which can be detected 
by IOS. The present study further confirms that IOS para
meters can complement traditional measurements of pul
monary function and suggest that IOS is a promising tool 
for the early diagnosis of COPD in subjects at risk.

Abbreviations
AX, area of low-frequency reactance; BMI, body mass 
index; FEF25-75, forced expiratory flow in the middle 
half of the patient’s exhaled volume; FEV1, Forced 
Expiratory Volume at 1st second; Fres, resonant fre
quency; FVC, Forced Vital Capacity; HRCT, high- 
resolution computed tomography; IOS, the Impulse 
Oscillometry System; R5 – R20, fall in resistance from 5 
Hz to 20 Hz; SAD, small airway dysfunction.
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