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Abstract

Background: The respiratory system changes with age and understanding these changes may help detect and prevent respiratory

dysfunctions in the elderly. In addition, although the influence of smoking on lung function is well known, its influence on

lung function and mechanics of elderly are unknown. Impulse oscillometry system (IOS) is a technique for measurements

of lung mechanics, which don’t need patient effort and a minimal collaboration, beyond to reflect more precisely airway

resistance/obstruction and lung tissue elastance than spirometric measurements. Aims: Thus, the present study aimed to

investigate whether IOS could be or not be sensible enough to differentiate the effects of smoking in the pulmonary response

of non-smokers from smokers’ elderlies. Methods: The present study compared 30 elderlies never smokers (70,96 ± 6,61) with

30 elderlies’ current smokers (69,96 ± 5,94 years old and 35,33 ± 24,93/packs/year tobacco load), without asthma or any other

pulmonary disease in terms of lung function and mechanics. Results: The following differences between elderly never smokers

versus smokers for spirometric values were found (FVC p<0.02; FEV1 p<0.04; FEV1/FVC p<0.04; PEF p<0.01; MEF25%

p<0.02; MEF50% p<0.02; MEF75% p<0.01, IVC p<0.01) and for oscilometric values (Z5hz p<0.03; R5Hz 0.01; R20Hz p<0.04;

X5Hz p<0.02), while RFres and R5Hz-R20Hz did not present differences (p>0.05). Conclusions: Impulse oscilometry can detect

small airway resistance/obstruction to better differentiate the functional pulmonary alterations among never smokers from

smokers’ elderlies.

What is already known about this topic?

Impulse oscillometry system is a very sensible method to evaluate slight pulmonary alterations, but its
efficacy to detect the effects of smoking on elderly population is unknown.

Lung function decreases along aging, but very restricted information is available about the lung mechanics.

Smoking accelerates the impairment of lung function, but no study has evaluated such effects in elderly
population, as well as in the lung mechanics.
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What does this article add?

Smoking negatively affects lung mechanics and not only lung function.

Impulse oscillometry system is a method sensible enough to detect and differentiate pulmonary alterations
induced by smoking in elderlies.

Lung mechanics measured by impulse oscillometry system is capable to detect in a much more detailed view,
which lung structure is affects in smokers and non-smokers elderlies.

INTRODUCTION

The worldwide rise in the populational aging resulted in increases of chronic diseases prevalence1. This
general aging trend without health prevention programs focused in early diagnostic and interventions results
in increased health related costs2. These issues as well as the mortality are enhanced by smoking3.

There was a huge increase in chronic obstructive pulmonary disease (COPD) rates4. According to the Glo-
bal Initiative for Chronic Obstructive Pulmonary Disease (GOLD COPD) COPD is defined as a common,
preventable and treatable disease that is characterized by persistent respiratory symptoms and airflow limi-
tation that is due to airway and/or alveolar abnormalities usually caused by significant exposure to noxious
particles or gases5.The progressive airflow limitation in COPD is commonly characterized by reduced relation
of FVC/FEV1 ([?] 0.7) post-bronchodilator during spirometric test5. Impulse oscilometry (IOS) is a variant
of forced oscillation technique (FOT) that allows the evaluation of lung mechanics without any respiratory
effort6.

Several studies have reported that IOS can better differentiate the lung response between asthmatics smokers
versus nonsmokers7, but such evaluation never has been performed in elderlies. Considering the need of
pulmonary alterations early detection in elder smokers, the present study tested the hypothesis that lung
mechanics study by (IOS) could be a useful method to evaluate the impact of smoking in elderly’s lung
function decline.

METHODS

Ethical considerations and study design

All experimental proceedings used in the present study has been approved by institutional ethical committee
under number 1.021.635, according to the national recommendations for clinical studies and also followed
the ethical standards of the Declaration of Helsinki.

Elderlies were recruited from House of Elderlies in the municipality of São José dos Campos – SP, Brazil.
In total, 30 healthy, never smokers’ elderlies (12 men and 18 women; 70,96 ± 6,61 years old) and 30 cur-
rent smokers (7 men and 23 women; 69,96 ± 5,94 years old). The inclusion criteria were men and women
above 60 years old, did not presenting any respiratory disease, capable to perform the forced maneuver for
spirometric test. Specifically for smokers, they should be current smokers, for at least 15 years, as a 35,33 ±
24,93/packs/year (tobacco load).

Evaluation of Lung Function by Spirometry

Lung Function was evaluated by spirometry by Master screen PFT Oscillometry system (Jaeger, Germa-
ny), by using the forced maneuver, according to the ATS recommendations8. The evaluated parameters
were forced vital capacity (FVC), forced expiratory volume in the first second (FEV1), the ration between
(FEV1/FVC), peak expiratory flow (PEF), maximal expiratory flow at 25% of FVC (MEF25%), maximal
expiratory flow at 50% of FVC (MEF50%) and maximal expiratory flow at 75% of FVC (MEF75%).

Evaluation of Lung Mechanics by Impulse Oscillometry

Lung mechanics was evaluated by impulse oscillometry by using the Masterscreen PFT Oscillometry system
(Jaeger, Germany)9. The following parameters have been measured: R5Hz (total resistance of respiratory
system), R20Hz (resistance of proximal airways), R5Hz-R20Hz (resistance of distal airways), X5Hz (reactance

2
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- elasticity of the lung tissue) and Z5Hz (impedance of the respiratory system) and Fres (frequency of
resonance of the respiratory system). The results were expressed as percentage of predicted value.

Statistical Analysis

The software GraphPad Prism 5.0 was used to perform the statistical analysis. The analysis of normality
was performed by Shapiro Wilk test. The data were presented as mean ± standard deviation. The unpaired
t-test was used and the p value <0.05 was considered significant.

RESULTS

Patients characteristics

Sixty elderly, being thirty current smokers (12 men and 18 women; 69,96 ± 5,94 years old and 35,33 ±
24,93/packs/year tobacco load) and thirty non-smokers/never smokers (7 men and 23 women; 70,96 ± 6,61
years old).

Spirometry study

The Figure 1 present the spirometric results comparing elderly smokers versus non-smokers. Figure 1 A
shows that FVC was significantly reduced in elderly smokers x non-smokers (p<0.002). Figure 1 B shows
that FEV1 was significantly reduced in elderly smokers x non-smokers (p<0.04). Figure 1 C shows that
FEV1/FVC was significantly reduced in elderly smokers x non-smokers (p<0.04). Figure 1 D shows that
PEF was significantly reduced in elderly smokers x non-smokers (p<0.01). Figure 1 E and 1 F shows that
MEF25% and MEF50%, respectively, was significantly reduced in elderly smokers x non-smokers (p<0.02).
Figure 1 G and 1 H, shows that MEF75% and IVC, respectively, was significantly reduced in elderly smokers
x non-smokers (p<0.01).

Oscilometric study

The Figure 2 present the oscilometric results comparing elderly smokers versus non-smokers. Figure 2 A
shows that Z5Hz was significantly reduced in elderly smokers x non-smokers (p<0.03). Figure 2 B shows
that R5Hz was significantly reduced in elderly smokers x non-smokers (p<0.01). Figure 2 C shows that R20Hz
was significantly reduced in elderly smokers x non-smokers (p<0.04). Figure 2 D shows that R5Hz-R20Hz
did not present differences comparing elderly smokers x non-smokers (p>0.05). Figure 2 E shows that X5Hz
was significantly increased in elderly smokers x non-smokers (p<0.02). Figure 2 F shows that Fres did not
present differences comparing elderly smokers x non-smokers (p>0.05).

Discussion

The present study showed for the first time that elderlies’ smokers present impaired lung function and
mechanics compared with non-smokers, especially in distal airways. In addition, the present study also
showed for the first time that IOS is a sensible and useful tool to better differentiate the lung mechanics of
elderlies, since no effort is needed, such as in spirometry.

The findings showing impaired lung function in elderlies smokers agree with previous studies demonstrating
that in adults the smoking impairs the lung function10,11. However, there is a high rate of non-smoking
elderlies who did not present respiratory symptoms, but present increased obstruction and resistance of
distal airways11-13. In some cases, passive smokers, independent of age, can present normal lung function,
with impaired lung mechanics, reinforcing that lung mechanics assessment can predict early alterations of the
airways11-14. It is also known that elderlies’ smokers present accelerated decline in the lung function (FVC,
FEV1 and FEV1/FVC), compared with non-smokers10, 11, 15, 16. In the present study, we also observed
impaired lung function in elderlies’ smokers.

However, the evaluation of lung mechanics by IOS displayed more detailed information, demonstrating in-
creased elastance of proximal airways, as demonstrated by severe reduction in the proximal airway resistance
(reduced R20Hz) and by a severe increase (2x fold) in the distal airway resistance (increased X5Hz). These
results reinforce or reflect the strong reduction in MEF75%, which preferable demonstrates the obstruction

3
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of the small airways. It has been also reported that reduction in MEF75% reflects histological alterations
of small airways17. Such findings reinforce the typical COPD characteristics, with increased resistance and
air flow limitation of small airways and decrease of the elastance of proximal airways18. Of note, it has been
established that small airways alterations precede emphysema development18. In addition, the consequences
of smoking specifically on small distal airways has been reported19.

The X5Hz represent the lung elastic recoil forces, which is related to the inertial forces of the distal airways,
of the lung tissue and thorax20. In this way, it is possible that elderlies’ smokers present initial airway
obstruction due to elastolysis of the elastic fibers in the distal airways17-22. In fact, the smoking habit
induces the obstruction of small airways, beyond functional abnormalities and chronic obstructive pulmonary
disease22. Therefore, the absence of proximal airway obstruction does not mean that smoking is not damaging
the lungs19. Furthermore, the consequences of smoking can be variable, in terms of affecting different regions
of the lungs, depending of individual susceptibility18, 19.

The present study discusses a perspective of extreme clinical relevance, since IOS is a very simple, easy and
effort independent pulmonary function test, really feasible to be performed by elderlies and children, who
normally are unable to perform the spirometry maneuvers properly6,9,20. In fact, the present study detected
a very good sensibility of IOS to detect fine differences between the lung mechanics of elderlies’ smokers from
non-smokers. However, some points need to be clarified, as study’ limitation: (i) the study involved elderly
smokers with high tobacco load, (ii) the study did not randomized the volunteers among men and women,
(iii) the study was performed only with 30 elderly in each group. Thus, further investigations should be done
using a larger number of volunteers randomized by gender and also with different tobacco load.

Conclusions

Impulse oscilometry systems (IOS) present enough sensibility to detect differences in airway resistance and
elastance between elderlies’ smokers from non-smokers, showing that smokers present reduced proximal
airway resistance (R20Hz), below the normal level, indicating that elderlies’ smokers present reduced airway
elastance in comparison with elderlies’ non-smokers. In addition, IOS was able to demonstrate by X5Hz
(reactance) that smokers present increased airway obstruction and resistance of distal airways, compared
with non-smokers. In fact, IOS is useful tool to detect airway response in elderlies for being a method which
is not effort dependent and is rapidly to be applied.
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Figure Legends

Figure 1 – Lung function parameters, 1A (Forced vital capacity - FVC), 1B (Forced expiratory volume in the
first second - FEV1), 1C (Forced expiratory volume in the first second/Forced vital capacity - FEV1/FVC),
1D (Peak expiratory flow - PEF), 1E (Maximal expiratory flow at 25% - MEF25%), 1F (Maximal expiratory
flow at 50% - MEF50%), 1G (Maximal expiratory flow at 75% - MEF75%) and 1H (Inspiratory vital capacity
- IVC).

Figure 2 – Lung mechanics parameters, 2A (Impedance of respiratory system - Z5Hz), 2B (Total resistance
of respiratory system - R5Hz), 2C (Resistance of proximal airways - R20Hz), 2D (Resistance of distal/small
airways - R5Hz-R20Hz), 2E (Reactance - elasticity of the lung tissue - X5Hz), 2F (Resonance frequency of
the respiratory system - Fres).
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