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ABSTRACT:  The broadening of inhaled aerosol boluses (aerosol bolus dispersion)
during respiration provides a noninvasive measure of convective gas mixing in the
lungs.  In this study, the sensitivity and specificity of this technique for the diag-
nosis of early lung impairment due to cigarette smoking was evaluated.

Two hundred and sixteen randomly selected subjects (126 smokers and 90
nonsmokers) were investigated with aerosol dispersion in comparison to conven-
tional lung function tests.  The cumulative cigarette consumption of the subjects
was quantified by "pack–years" (PY).  Smokers were classified into the following
groups: 0< PY ≤10;  10< PY ≤20; 20< PY ≤30; and PY >30.

Forced expiratory volume in one second (FEV1), maximal expiratory flow at 25,
50 and 75% vital capacity (MEF25, MEF50 and MEF75) decreased significantly with
increasing cigarette consumption.  In comparison to nonsmokers, FEV1 was significantly
reduced in smokers of 10< PY ≤30, and MEF75 was significantly reduced in smokers
of PY >20.  Aerosol bolus dispersion increased with increasing PY.  For all groups
of smokers, even those with PY <10, bolus dispersion was significantly increased in
comparison to lifelong nonsmokers, indicating alterations in convective gas mixing
in the lungs.   Calculation of receiver operating characteristics for the lung function
parameters under consideration showed that bolus dispersion has a higher sensitivity
and specificity than conventional lung function parameters.

Hence, the aerosol bolus dispersion test could be a promising epidemiological tool
to study early abnormalities in intrapulmonary gas mixing due to environmental
factors.
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Various severe and epidemiologically important lung
diseases originate in the lung periphery [1].  Chronic
obstructive pulmonary disease (COPD) and asthma are
diseases which are associated with a destruction, ob-
struction, or inflammation of peripheral airspaces.  Unfor-
tunately, conventional tests of lung function, such as
spirometry or body-plethysmography, suffer from a lack
of sensitivity in detecting such early peripheral lung
impairment.  Forced expiratory flow rates and total air-
way resistance reflect properties of the central airways
and are almost unaffected by changes in the smaller air-
ways [2].  On the other hand, it has been shown that the
regional distribution of inhaled air is altered in smokers
with normal spirometry [3].  Therefore, lung function
tests which are sensitive for changes in lung ventilation
pattern are supposed to be more suitable for the early
detection of changes in the lung periphery caused by
smoking and, presumably, other exogeneous factors.

The aerosol bolus dispersion technique, applying boluses
of submicron aerosol particles as a lung probe, delivers
a quantitative measure of convective mixing in the lungs.
This technique has been used for diagnostic purposes in

several studies [4, 5], and has shown interesting capa-
bilities which promise to provide a powerful supplement
to conventional lung function tests.  It was stated that
this technique has higher sensitivity to detect early
functional alterations in the lung periphery [6, 7].  In this
paper, data available from a field study with 216 randomly
selected subjects, who underwent aerosol dispersion,
spirometry and oscillatory airway resistance measure-
ments, were used to determine the sensitivity and specifi-
city of each diagnostic test concerning the detection of
early changes in lung function.  As a model for lung
impairment due to exogenous factors, the smoking history
of the subjects was taken into consideration.

Methods

Aerosol bolus dispersion

Monodisperse aerosol particles can be considered as a
nondiffusing gas [8], and can therefore be used as a tracer
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for convective gas transport.  When a small volume
(bolus) of such an aerosol is injected into a single breath
of clean air, convective gas mixing during respira-
tion will cause particle transport in initially particle free
air volumes within the lungs.  Upon exhalation the parti-
cles are, therefore, distributed over a larger air volume,
i.e. the bolus is dispersed [9, 10].  To characterize the
broadness of the inhaled and exhaled aerosol bolus the
bolus width at half-maximum particle concentration (half-
width) (H50,i and H50,e, respectively) is calculated (fig. 1).
Aerosol dispersion (D) is defined as the increase of the
bolus half-width during a respiratory cycle, and can be
calculated by [11]:

D = [H50,e
2 - H50,i

2]1/2 (1)

Dispersion of aerosol boluses is dependent on the
volumetric lung depth to which the bolus is penetrating.
The volumetric lung depth (V) is determined by the air
volume inhaled after bolus application (fig. 1).

The measured relationship between dispersion D and
volumetric lung depth V can be approximated by a power
function:

D = F VE (2)

The exponent (E), which determines the curvature of
the relationship, and the factor (F) of the power func-
tion are used, in this paper, to characterize bolus dispersion
in lungs.  When bolus dispersion is increased,  this increase
leads to an increase of E in combination with a decrease
of F.

Inhalation apparatus

The measurement of aerosol bolus dispersion requi-
res: 1) the application of small aerosol volumes into
respired clean air; and 2) the measurement of particle
number concentration in the air as a function of the res-
pired air volume.

The bolus application is provided by a system of
solenoid valves, which allow the inhalation channel to
be switched between filtered air and an aerosol supply
(fig. 2).  By switching the valves automatically using a
personal computer, an aerosol bolus with a volume of
about 70 cm3 can be injected at various user-defined
positions within an inhaled single breath of clean air.

The measurement of the aerosol number concentra-
tion and the respired air volume is provided by a device
which combines laser aerosol photometry with pneumo-
tachography [12] (fig. 2).  This device is located between
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Fig. 1.  –  Schematic relationship between aerosol particle number concentration and respired volume during the inhalation of an aerosol bolus,
and between aerosol bolus dispersion (D) and volumetric lung depth (V) to which the bolus is inhaled.  M is the volumetric depth from which the
bolus is exhaled.  H50.i and H50.e represent the half width of the inhaled and exhaled bolus, respectively.
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Fig. 2.  –  Depiction of the aerosol bolus inhalation device.
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the valve system and a mouthpiece.  The respired volume
is evaluated by on-line integration of the analogous flow
signal of a pneumotachograph.  To measure the aerosol
particle number concentration, the inhaled aerosol is
illuminated by the light of a He-Ne laser, and the light
scattered by the particles under a scattering angle of
90°C is measured by a secondary electron multiplier.
The output signal of this multiplier is, in the case of
monodisperse aerosol particles, proportional to the aero-
sol particle number concentration.

Particle production and classification

Monodisperse di(2-ethylhexyl) sebacate (DEHS) drop-
lets suspended in nitrogen are produced by heterogene-
ous nucleation of DEHS vapour on NaCl nuclei in a
MAGE aerosol generator (Lavoro e ambiente, Bologna,
Italy).  The aerosol is then diluted with filtered air to
obtain a particle number concentration of about 20,000
particles per cm3.  The size of the particles is classified
by measuring the terminal settling velocity of the particles
in a convection free sedimentation cell [13].  The average
settling velocity (mean±SD) of the particles throughout
the study was 21±3 µm·s-1, representing a mean geometri-
cal particle diameter of 0.8±0.08 µm).

Spirometry

Conventional spirometry was performed using commer-
cial devices.  Vital capacity (VC), peak expiratory flow
(PEF), forced expiratory volume in one second (FEV1)
and maximal expiratory flows at 25, 50 and 75% vital
capacity (VC) (MEF25, MEF50 and MEF75) were measured
with a Jäger-Masterlab (Erich Jäger GmbH, Germany).
Total lung capacity (TLC) functional residual capacity
(FRC) and residual volume (RV) were measured with a
Uniscope-device (Ganshorn Medizin Elektronik GmbH,
Germany) by helium dilution using an ultrasonic helium
sensor and a gas mixture containing 18% helium in
artificial air.  The oscillatory airway resistance (Rosc) was
measured with LF1 device (Ganshorn Medizin Elek-
tronik GmbH, Germany) with an oscillation frequency
of 10 Hz.  Relative values of conventional lung function
parameters were calculated by normalization to the refe-
rence values proposed by the European Community for
Coal and Steel [14].  The protocol was approved by the
Ethics Committee of the "Medizinische Hochschule Erfurt".

Subjects

In this study, 700 subjects were randomly selected from
the residents register of Erfurt (FRG) and were invited
to participate in the study.  Two hundred and thirty four
subjects from this sample were investigated, yielding
216 valuable data-sets.  Anthropometric and lung function
data of these subjects are given in table 1.  The smoking
habits of the subjects were quantified using the cumula-
tive cigarette consumption expressed as pack-years (PY).

One PY represents a daily consumption of 20 cigarettes
during one year.  We did not distinguish between active
smokers and ex-smokers.

Inhalation protocol

To perform aerosol dispersion measurements, the sub-
ject was sitting in an upright position in front of the bolus
inhalation device.  The subject breathed through a
mouthpiece custom-made from a silicone dental com-
pound, which reduced the dead space of the oral cavity.
Starting from FRC, the subject inhaled clean-air until the
lung volume reached 70% TLC.  During inspiration, the
aerosol bolus was applied into volumetric lung depths of
V=750, 550, 350, 150, or 100 cm3.  Finally, the subject
exhaled until the entire aerosol bolus was recovered from
the lungs or RV was reached (fig. 3).  The breathing
manoeuvre was performed at a constant airflow of 250
cm3·s-1, controlled by the subject by use of a visual flow
signal.

Data evaluation

All statistical calculations were performed using the
SAS software package.  The significance of differences
between group averages were tested using the t-test for
independent samples.  Analysis of variance was carried
out using the procedure for general linear models.  To
determine the influence of a certain variable, the model
was adjusted for all other independent variables included
in the model.

The sensitivity and specificity of the various diag-
nostic tests was quantified by their receiver operating
characteristic (ROC) [15].  The aim of this study was to
evaluate the capability of various diagnostic tests to detect
early lung impairment due to cigarette smoking.  There-
fore, the sensitivity and specificity of a certain lung
function parameter was evaluated from its ability to
distinguish between smokers and nonsmokers.  For any
given threshold value, the sensitivity of a parameter is
given by the fraction of true positive, and the specificity
by the fraction of true negative classifications of smo-
kers and nonsmokers.  The standard deviation of sensi-
tivity is calculated using the equations given by METZ

[15].  Varying the threshold level provides the relationship
between sensitivity and specificity (ROC-curve) of a
certain parameter and allows the intercomparison of
different diagnostic tests.  The area under this curve
represents the probability (pROC) that a randomly selec-
ted pair of smoker and nonsmokers is correctly ranked
[16].

Results

Table 1 shows the mean and standard deviation of an-
thropometric data, conventional lung function parameters,
and bolus dispersion data for all 216 subjects pooled,
and separately for males and females.  The significance
level p quantifies significant differences between males
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Fig. 3.  –  Depiction of the inhalation protocol.  TLC: total lung capacity; FRC: functional residual capacity; V: volumetric lung depth.
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Table 1.  –  Measured lung function parameters for all subjects and group differences between
males and females

Parameter Pooled    Males                     Females                  p-value

Subject  n 216 106 110
Smokers  n 126 72 54
Age  yrs 43±12 45±12 41±12 0.02
Height  m 1.71±0.09 1.77±0.06 1.64±0.06 <0.001
PY  yrs 7.6±11 10.5±12 4.8±8 <0.001
VC l 4.10±0.93 4.80±0.76 3.50±0.59 <0.001

rel. 1.01±0.12 0.99±0.12 1.03±0.12 0.01
TLC l 6.49±1.13 7.32±0.87 5.68±0.68 <0.001

rel. 1.08±0.11 1.04±0.11 1.12±0.11 <0.001
FRC l 3.48±0.78 3.77±0.78 3.20±0.67 <0.001

rel. 1.13±0.23 1.10±0.22 1.17±0.23 <0.001
RV l 2.34±0.48 2.54±0.5 2.15±0.36 <0.001

rel. 1.28±0.22 1.23±0.21 1.31±0.22 <0.001
PEF  l·s-1 8.17±2.61 9.79±2.43 6.62±1.65 <0.001

rel. 1.03±0.24 1.08±0.24 0.98±0.23 0.003
FEV1 l 3.33±0.78 3.75±0.75 2.92±0.55 <0.001

rel. 1.00±0.14 0.99±0.15 1.02±0.14 NS

MEF25 l·s-1 1.47±0.74 1.64±0.80 1.31±0.64 0.001
rel. 0.74±0.31 0.77±0.33 0.71±0.29 NS

MEF50 l·s-1 3.83±1.37 4.24±1.59 3.44±0.99 <0.001
rel. 0.84±0.26 0.85±0.29 0.82±0.22 NS

MEF75 l·s-1 6.47±2.00 7.44±2.1 5.55±1.34 <0.001
rel. 0.94±0.22 0.94±0.24 0.94±0.21 NS

Rosc kPa·s·l-1 0.36±0.12 0.32±0.10 0.39±0.13 <0.001
E 0.50±0.2 0.52±0.13 0.48±0.13 0.02
F 29.1±18 27.4±17 30.8±19 NS

Data are presented as mean±SD. PY: pack-yrs; VC: vital capacity; TLC: total lung capacity; FRC: functional
residual capacity; RV: residual volume; PEF: peak expiratory flow; FEV1: forced expiratory volume in one
second;  MEF25, MEF50 and MEF75: maximal expiratory flow at 25, 50 and 75% VC; Rosc: oscillatory air-
way resistance; E: exponent which determines the curvature of the relationship between dispersion and
volumetric lung depth; F: factor of the power function. p represents the significance level of the group
difference between males and females (NS=not significant).  Relative values (rel) are normalised to the
reference value.



and females.  Although there are no significant differ-
ences in age between groups, all lung function para-
meters, except the relative values of FEV1, MEF25, MEF50,
MEF75, and the factor F of aerosol dispersion, showed
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Table 2.  –  Ratio between the means of each parameter
in smokers and in nonsmokers for data pooled and
separated by sex

Smokers        Pooled           Males           Females
to n=216            n=106 n=110

nonsmokers

Age 0.960 1.040 0.861
(NS ) (NS) (0.005)

Height 1.021 1.002 1.006
(0.006) (NS) (NS)

VC rel. 0.992 1.010 0.987
(NS) (NS) (NS)

TLC rel. 0.980 1.004 0.981
(NS) (NS) (NS)

FRC rel. 0.957 0.989 0.946
(NS) (NS) (NS)

RV rel. 0.978 0.990 0.992
(NS) (NS) (NS)

PEF rel. 1.000 0.957 1.007
(NS) (NS) (NS)

FEV1 rel. 0.943 0.946 0.946
(0.003) (NS) (0.034)

MEF25 rel. 0.886 0.794 1.093
(0.039) (0.008) (0.005)

MEF50 rel. 0.903 0.880 0.907
(0.019) (0.049) (NS)

MEF75 rel. 0.949 0.900 0.991
(NS) (NS) (NS)

Rosc 1.031 1.006 1.112
(NS) (NS) (NS)

E 1.194 1.207 1.159
(<0.001) (<0.001) (0.003)

F 0.710 0.706 0.729
(<0.001) (0.005) (0.008)

The significance level in brackets (p-value) indicates if the ratio
is different from 1.  Conventional lung function parameters are
normalized to the reference value (rel.).  For abbreviations see
legend to table 1.
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Fig. 4.  –  Aerosol bolus dispersion (mean±SD) as a function of volumetric
lung depth (V) measured in smokers and nonsmokers.    ❍ : non-
smokers;    ● : smokers.

Table 3.  –  Significance levels for the dependence of various lung function and bolus dispersion
parameters from anthropometric data and the cumulative cigarette consumption (package years)

Slope
Parameter Sex     Age Height PY % / PY

VC rel. NS NS NS NS

TLC rel. 0.046 0.043 NS NS

FRC rel. 0.036 NS NS NS

RV rel. NS <0.001 NS NS

PEF rel. NS NS NS NS

FEV1 rel. NS NS 0.03 <0.001 -0.3
MEF25 rel. 0.001 <0.001 NS 0.006 -0.7
MEF50 rel. 0.049 0.017 NS 0.005 -0.6
MEF75 rel. NS NS NS 0.002 -0.5
Rosc 0.047 0.002 0.011 NS

E NS NS NS <0.001 +0.6
F NS 0.036 NS 0.001 -1.3

"Slope" represents the coefficient of PY in the linear regression model for each parameter normalized to
its mean value.  For abbreviations see legend to table 1.

significant (p<0.05) differences between sexes.  Female
smokers had smoked on average much fewer PY than
males.

Table 2 shows the ratio between the mean of each
parameter measured in smokers and the mean measured
in nonsmokers for data pooled and separated by sex.  The
significance level p represents the probability that this
ratio is equal to 1.  Since there are more smoking men
(72) than women (54), smokers were on average signifi-
cantly taller than nonsmokers.  Smoking women were
slightly younger than nonsmoking women,  but for males
and the pooled subjects no significant difference in age
was observed.  There were no significant differences
in relative lung volumes, PEF and MEF75 between smo-
kers and nonsmokers.  FEV1 was decreased in female
smokers and all smokers, but the decrease was not signifi-
cant in male smokers.  MEF25 was decreased in male
smokers and all smokers, but was significantly increa-
sed in females.  MEF50 was decreased in male smokers
and all smokers, but the decrease in female smokers was
not significant.  The aerosol bolus dispersion parameter
E was significantly increased in all groups of smokers
and F was significantly decreased, which is due to increa-
sed bolus dispersion in smokers (fig. 4).
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Fig. 5.  –  a) Mean±SD of a) maximal expiratory flow at 25 and 50% vital capacity (MEF25 and MEF50)  b) maximal expiratory flow at 75% vital
capacity (MEF75) and the forced expiratory volume in one second (FEV1) c)  factor (F) and exponent (E) of power functions fitted to the relationship
between bolus dispersion and volumetric lung depth measured in classes of subjects with different cumulative cigarette consumption.  Significant
group differences between smokers of a class and nonsmokers (PY=0) are marked by asterisks.  *: p<0.05; **: p<0.005.  The dotted line was fitted
to the data by linear regression.
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Table 4.  –  Probability (pROC) that a randomly selected
pair of smoker and nonsmoker is correctly ranked, calculated
from the receiver operating characteristics (ROC)

Variable        Pooled       Males       Females       Healthy

FEV1 (rel.) 0.62 0.62 0.61 0.51
MEF25 (rel.) 0.59 0.65 0.56 0.53
MEF50 (rel.) 0.61 0.65 0.59 0.58
MEF75 (rel.) 0.54 0.61 0.51 0.45
E 0.67 0.69 0.63 0.68
F 0.68 0.70 0.66 0.71

For abbreviations see legend to table 1.
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Fig. 6.  –  Relationship between sensitivity and specificity for the
identification of smokers using the forced expiratory volume in one
second (FEV1) and the factor (F) of power functions fitted to the
relationship between bolus dispersion and volumetric lung depth.  ∆:
FEV1;  ●: F.

In order to test whether the observed differences in
lung function and bolus dispersion between smokers and
nonsmokers are due to smoking and not caused by
differences in anthropometric data, all parameters were
studied by analysis of variance.  Therefore, a linear model
was assumed in which each parameter was supposed to
be dependent on the anthropometric data, sex, age and
height,  and on the cumulative cigarette consumption
PY.  Table 3 shows that FEV1, MEF25, MEF50, MEF75, F
and E are significantly dependent on PY.  All forced
flow values decrease, E increases and F decreases with
increasing PY.

To visualize this dependence on PY, smokers were
classified into the following classes: 0< PY ≤10 (n=64);
10< PY ≤20 (n=32); 20< PY ≤30 (n=16); and PY >30
(n=14), and the mean and standard deviation of each
parameter in the various classes of smokers are plotted
in figs 5a–c.  FEV1, MEF25, MEF50 and MEF75 of each
subject were normalized to the reference value, and E
and F to the respective mean value in nonsmokers.  Fig-
ure 5a and b show that MEF25, MEF50, MEF75 and FEV1

decrease with PY nearly linearly, but only MEF75 in
smokers of more than 20 PY and FEV1 in smokers

of 10< PY ≤30 showed significant reductions in class
mean values.  Figure 5c shows the decrease of F and the
increase of E with PY.  In all classes of smokers, E and
F were significantly different from the mean value of
nonsmokers.

Table 4 shows the probabilities (PROC) calculated from
the ROC of FEV1, MEF25, MEF50, MEF75, and the aero-
sol bolus dispersion parameters F and E.  The forced
flow parameters had overall quite similar pROC-values of
about 0.6.  Only MEF75 had, in all subpopulations, sys-
tematically lower pROC than all other parameters.   However,
E and F had higher pROC than parameters of conven-
tional tests (0.67 in average).  The ROC-curve for FEV1

and F for the pooled data is shown in figure 6.  For
sensitivities lower than 60%, both curves were almost
identical but above this value, for a given value of
specificity, F had an up to 20% higher sensitivity com-
pared to FEV1.

Discussion

Of all lung function parameters under consideration,
only FEV1, MEF25, MEF50, MEF75, and the dispersion
parameters E and F were significantly changed in smo-
kers.  These parameters showed significant group differ-
ences between smokers and nonsmokers, as well as a
dose response relationship with PY (fig. 5a–c).  The flow
parameters decreased with increasing PY.  The slope of
this decrease was highest for MEF25 and MEF50 (table
3), but due to a higher variability of these parameters
(fig. 5a) none of the classes of smokers showed mean
values significantly different from those of nonsmokers.
FEV1 had a lower slope of decrease with PY, but a much
smaller standard deviation led to a significant decrease
of this value for smokers of 10< PY ≤30.  Smokers of
PY >30 had no significant decrease in FEV1, presumably
due to the smaller number of cases in this class.  The
observed decrease of the bolus dispersion parameter F
in combination with an increase of E indicates that
convective gas mixing is increased in the lungs of smokers.
Again a dose response relationship with PY was found.
The slope of this change was highest for F and nearly
twice the maximum slope observed for parameters of
spirometry.  For all classes of smokers, even those with
less than 10 PY, the observed increase of convective
mixing was statistically significant.

These results show that early changes in lung func-
tion due to cigarette smoking can be detected with a
higher sensitivity and specificity using the aerosol bolus
dispersion technique than with conventional tests.  This
may be due to, at least, two different mechanisms.  Either
the information delivered by this technique is more or
less equivalent to the information given by conventio-
nal tests but is assessed with a higher sensitivity, or
aerosol bolus dispersion probes an aspect of lung function
fundamentally different from that assessable with con-
ventional tests.  Looking at the pathophysiological mecha-
nisms associated with smoking may help to identify the
way aerosol bolus dispersion is changed in smokers.

Smoking induces inflammatory changes in small airways



[17], which have been shown histologically [18].  The
smoking-induced "respiratory bronchiolitis" is supposed
to induce ventilatory inhomogeneities by changing local
airway resistances or elastic properties of small airways.
Ventilatory inhomogeneity in smokers has been shown
by analysing the phase lag of the pressure flow relation-
ship measured in a body plethysmograph [3], or the
distribution of radioactive tracer gases in the lungs [19].
Inhomogeneous distribution of local airway resistances
and elastic properties is equivalent to an inhomogeneous
distribution of local ventilation time constants, which
have been shown to have a strong influence on aerosol
bolus dispersion in a simple simulation model [20].  It
may, therefore, be postulated that the observed increase
of bolus dispersion in smokers reflects altered mechanical
properties of small airways caused by inflammatory
processes due to smoking.  The site of action associated
with a changed aerosol bolus dispersion in smokers would
then be localized in the lung periphery - the "silent zone"
of the lungs, where conventional tests have their lowest
sensitivity.  The reason for this lack of sensitivity of
conventional parameters is found in the fact that conven-
tional tests are based, apart from the measurement of
lung volumes, on the measurement of airway resistance,
directly, or indirectly by measuring the forced flow volume
curve.  Since the total airway resistance is highly biased
by the airway resistance of central airways [1, 2, 21, 22],
these tests predominantly reflect properties of central
airways.  Only MEF50 and MEF25 are supposed to be
influenced by the small airway dynamics [22], and indeed,
these parameters have shown highest discriminatory power
between smokers and nonsmokers.

The subjects in this study were randomly selected and,
therefore, include persons with lung disease.  Data of
these persons were primarily included in the study, since
the purpose of this investigation was to compare sensi-
tivity and specificity of various lung function parameters.
In a second step of the analysis, patients were excluded
from the study population.  The results of conventional
lung function tests were examined by an experienced
clinician to identify subjects with suspected lung dis-
ease.  On the basis of the reference values proposed by
the European Community for Coal and Steel,  67 subjects
with abnormal lung function parameters were identified,
53 with suspected airway obstruction, 10 with suspected
COPD and 4 with suspected lung restriction.  In the
remaining group of 149 subjects, ROC for the discri-
mination between smokers and nonsmokers were calculated.
The pROC-values given  in table 4 show a loss of sensi-
tivity for the conventional lung function parameters, but
a slight increase in sensitivity for aerosol bolus disper-
ion parameters.  The fact that change in composition of
the study population markedly changes the discriminatory
power of conventional parameters but does not alter that
of aerosol bolus dispersion supports the hypothesis that
aerosol bolus dispersion and conventional tests reflect
fundamentally different aspects of lung function,  and
are hence complementary in their diagnostic capability.
Aerosol bolus dispersion may have some benefit, particu-
larly for the detection of early changes in the function
of peripheral airways.

Conclusions

Early changes in  lung function associated with ciga-
rette smoking can be detected with the aerosol bolus
dispersion technique with higher sensitivity and specificity
than conventional lung function tests.  The pathophysio-
logical mechanisms associated with smoking suggest that
the aerosol bolus dispersion technique delivers infor-
mation from the lung periphery and is presumably
influenced by inhomogeneous distributions of local airway
resistances or elastic properties due to small airway
inflammation.  Since chronic inhalation of environmental
air pollutants is supposed to induce lung injury similar
to that observed in smokers, the aerosol dispersion
technique might be a powerful tool of environmental
epidemiology.
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