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NIL, R, R BUZZI AND K BATTIG Effects of different cigarette smoke yields on puffing and inhalation Is the
measurement of ihalation volumes relevant for smoke absorption” PHARMACOL BIOCHEM BEHAYV 24(3) 587-595,
1986 —Puffing patterns (number of puffs, puff volume, puff duration, puff interval, peak pressure, peak flow, peak
latency), respiratory smoke inhalation (postpuff inspiratory latency, volume and time and postpuff expiratory volume and
time), and the pre- to postsmoking boost of tidal air CO concentration were analyzed in 117 regular smokers They smoked
both a cigarette of the habitual brand and a second cigarette of a brand with about 40 to 50% lower machine standard smoke
yields and the most similar taste quality The pre- to postsmoking CO boost remained unrelated to the smoke deliveries of
the cigarettes 1n both compansons (intenindividual and switching) Estimated mouth intake of mcotine was strongly
dependent on the smoke yield vanables of the cigarettes but remained uncorrelated with CO absorption The discrepancy
between mouth smoke intake and alveolar smoke absorption could not be explained by the volumes or durations of the
postpuff resprratory cycle Multiple regression analyses suggested differential modes of control for the daily number of
cigarettes smoked, for the patterns of puffing, for respiratory inhalation, and finally for alveolar CO absorption The results
are discussed in relation to the dynamics of puffing and inhalation and their possible relevance for tobacco-related diseases
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OVER the last years most industnialized countries have wit-
nessed a pronounced shift toward the use of lighter ciga-
rettes Today the net effect of these changes on mouth intake
of smoke and on alveolar resorption of CO and mcotine ap-
pears to be rather different A senes of studies [2, 3, 4] has
documented that CO and nicotine absorption remained
nearly unaffected by these changes even when including
“‘ultra’’ light cigarettes Further, smoke yield measures do
not or only modestly affect the daily frequency of cigarette
smoking [23,27] On the other hand, although a senes of
studies has revealed compensation in puff volumes for
differences in smoke yield, 1t also appears that such compen-
sations are incomplete, accounting 1n general for no more
than about 20% of the differences in smoke yields This fact
has been established both with the puff flowmeter method
and with the butt analysis techmque [2,22]

Therefore, respiratory inhalation can reasonably be ex-
pected to be a better candidate for explaiming CO and
nicotine absorption than measures of mouth intake of smoke
[11] However, so far only a imited number of small sample
studies has attempted to analyze the respiratory mechanisms
of smoke 1nhalation

The present study involved the analysis of puffing pat-
terns and each subsequent postpuff respiratory cycle in 117
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regular smokers The respiratory traces, obtained by the
transthoracic impedance method and calibrated with a
spirometer, were analyzed for each single puff with respect
to time latencies and volume Two types of compansons
were then made, namely (a) interindividually across all sub-
jects when they smoked their own habitual brand cigarette
and (b) intraindividually for acute switching to a cigarette
brand with a smoke delivery lowered by about 50%

METHOD
Subjects

Sixty-nine men and forty-eight women aged between 17
and 64 years were recruited by newspaper advertisement
They were all regular smokers and reported themselves to be
in good health They received contemporary per hour
salanies for participating 1n this study

Apparatus

A puff flowmeter consisting of a cigarette holder con-
nected with a precision pressure transducer system [7] was
purchased from Projects CGC Ltd This holder did not
occlude ventilations of the cigarettes, but 1t might have re-
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FIG 1 Pattern of a single puff with the concomitant respiratory
trace of a subject
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duced the possibility of a manual occlusion of the ventilation
holes by the subjects A digital analyzer bult at the labora-
tory was used to transform the analog signals of the pressure
transducers 1nto digital printouts for puff volume, puff dura-
tion, puff interval, peak pressure, latency to peak pressure,
and peak flow

The estimation of CO and nicotine mouth intake was
computed by means of the standard machine smoking data
(International Standard Orgamization Norm 30308), the re-
sulting CO/micotine yield and the total puff volume per ciga-
rette of the subject It represents thus an extrapolation of the
CO/nicotine yield by multiplying 1t with the relation sub-
Ject’s puff volume/machine puff volume

The CO analyzer, Beckman Instruments model 866, was
used for measuring CO concentration 1n the expiratory tidal
air, The exprratory air, which 1s a mixture of alveolar and
dead-space air, was collected m a Teflon bag during normal
breathing and simultaneously analyzed with the instrument
until stable CO readings were obtained This was mostly
achieved within 3 to 5 min This procedure of CO analysis,
first described by Rawbone e a/ [18] has the advantage of
highly precise and stable CO readings which are independent
of breathing techmques It imphes, however, the conse-
quence of smaller absolute CO values than obtained with the
more often used end tidal air CO analysis Respiratory
movements were recorded by the transthoracic impedance
method Two electrodes were fixed at the nght thorax (one
at the frontal thorax near the 6th nb and the second at the
lateral thorax at a 90° angle to the first electrode) which
continuously recorded changes in transthoracic impedance
These signals were amplified and then transformed by a lab-
oratory built analyzer into digital printouts for the latency to
the first respiratory movement after a puff and for the laten-
cies and amplitudes of both the inspiratory and expiratory
parts of the first complete respiratory cycle following = puff
(Fig 1)

i dry spirometer (Hospal-Calculair, Sandoz Pharmaceu-
tical Dept , Hospital Supply, Basel) was used to calibrate
quantitatively the inspiratory and expiratory amplitudes of
the thorax impedance signals Ths calibration involved the
comparnson of the impedance amplitudes with the spirome-
ter respiratory volumes across 15 breathing cycles This pro-
cedure was carried out before smoking each of the two ciga-
rettes and served as the basis for calculating the inspiratory
and expiratory volumes for each postpuff respiratory cycle
All values were rounded off to 100 ml umts, and all data for
which the impedance/volume product moment correlation
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TABLE 1

ACTUAL SMOKING BEHAVIOR, CIGARETTE CHARACTERISTICS
AND PRESMOKING BASELINE OF
PHYSIOLOGICAL MEASUREMENTS

Mean = SD 1
Men
versus
Vanable Men Women women
Actual smoking behavior
Number of cigarettes/ 252 = 147 242 + 141
day
Age began smoking 181 = 30 184 + 35
Latency to first 21 = 11 21 = 11
cigarette/day (hr)
N cigarette before 99 = 81 Ie = 87
test on test day
Baseline tidal air CO 172 = 78 177 = 97
(ppm)
Cigarette charactenstics
Habitual brand
Nicotine yield (mg/ 08 + 028 071+ 927 3187
cigarette)
Condensate yield 118 = 46 98 + 66
(mg/cigarette)
CO yield (mg/cig) 118 = 27 103 = 32 221*
pH 68 + 04 69 = 0
Light cigarette
Nicotine yield (mg/ 049 = 026 040+ 025
cigarette)
Condensate yield 60 + 30 48 = 35§
(mg/cigarette)
CO yield (mg/cig) 73 + 37 55 = 39
pH 70 = 030 71 * 026
Pulse 762 =111 778 =103
Systolic pressure 796 =110 732 + 86 331%
(mm Hg)
Diastolic pressure el =111 1055 =124 4 80%
(mm Hg)

*»<0 05, tp<0 01, tp<0 001

did not reach at least 0 8 in the calibration procedure were
omitted from further analysis Under these conditions. val-
ues of postpuff inspiratory latency, postpuff inspiratory vol-
ume and duration could be obtained for 97 subjects and
corresponding expiratory values for 67 subjects Blood pres-
sure and pulse rate were obtained with the module Elag Be-
207-S (Cologne, FRG)

Testing Procedure

The sample of the subjects was divided mto two groups
One group first smoked a cigarette of the personal brand and
then the cigarette with lowered smoke yields For the other
group this sequence was reversed In each case the cigarette
with the lower smoke yield was also a commercial brand
cigarette and was selected to be as similar as possible to the
personal brand cigarette with respect to blend and taste but
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TABLE 2
AVERAGE PUFFING BEHAVIOR AND +-TEST COMPARISONS

Men Women Men vs women
Mean = SD Mean = SD t-test
Habitual Light
Vanable Habitual cig Light cig t-test Habitual cig Light cig I-test cig CIg
Total puff volume/ 5116 = 2201 664 5 + 3051 3 9% 5098 =+ 2244 6191 =2912 2 1*
cig (ml)
Puff volume (ml) 423 = 145 502 = 163 3 0f 414 + 133 470 + 158
Peak pressure 212 = 86 226 = 78 234 + 81 216 =+ 85
(cm H,0)
Peak flow (ml/sec) 348 + 106 355 = 106 362 =+ 84 379 + 99
Peak latency (sec) 075+ 024 081+ 024 067+ 014 068+ 016 2 1*
Puff duration (sec) 218 071 259 = 079 317 202 0352 221+ 059 3 3%
Puff interval (sec) 229 = 128 200 = 109 217 = 107 202 = 111
Number of puffs 126 = 45 137 = 47 125 = 48 134 = 52
Postpuff inspir 039+ 048 035+ 038 017+ 026 016 = 019 2 6* 3 0
latency (sec)
Postpuff inspir 125+ 043 128+ 053 117+ 042 114+ 046
time (sec)
Postpuff expir 187+ 066 196 = 059 182+ 084 195+ 0091
time (sec)
Postpuff inspir 05 = 03 06 = 05 04 = 03 04 + 03 2 5%
volume (1)
Postpuff expir 06 = 04 06 = 04 05 = 03 06 = 04
volume (1)
Est micotine 15 =+ 08 11 £ 05 3 6% 12 + 06 08 = 06 3 13t 2 6* 27t
mouthintake (mg)
Inhalation 018 027 023+ 023 017 017 032 023 2 8
efficiency
A tidal CO 26 = 20 24 = 15 21 = 14 19 = 20
boost (ppm)
Subjective smoking 51 + 25 47 + 22 48 + 30 41 + 26
need (mm)
Subjective smoking 60 + 28 36 = 21 55t 49 =+ 3] 31 = 23 31t
satisfaction (mm)
Presmoking tidal 05 = 02 05 = 02 04 = 02 04 = 02

mspir vol (1)

*p<0 05, ip<0 01, $p<0 001

to differ from the personal brand by a 50% lower machine
smoking yield of nicotine Together with a questionnaire for
assessing smoking habits and alcohol and coffee consump-
tion three packs of these lower yield cigarettes were sent to
the subjects 1n advance to allow famihanzation with the dif-
ferent brand For control, the subjects were required to bring
10 butts of these cigarettes to the testing session In addition,
the subjects also recerved 1n advance a form to protocol time
for the cigarettes smoked on the test day before armving at
the laboratory

The time protocol of the testing session which lasted 90
min was 1dentical for all subjects and fixed as follows —
Collection of the cigarette butts smoked on the test day with
the corresponding time protocol,—Fixation of the thorax
impedance electrodes,—Coronary prone behavior
questionnatre,—CO analysis of tidal air,—Calibration of the
thorax impedance amplitudes,—Measurement of pulse rate

and blood pressure,—Assessment of the subjective need for
smoking,—Smoking the first cigarette,—Subjective assess-
ment of smoking satisfaction,—Measurement of pulse rate
and blood pressure (immediately after the last puff),—CO
analysis of tidal air (5 mun after the last puff),—Pause (30
min),—CO analysis of tidal air,—Calibration of the thorax
impedance amplitudes,—Measurement of pulse rate and
blood pressure,—Assessment of the subjective need to
smoke,—Smoking the second cigarette (45 min after the
first cigarette),—Subjective assessment of smoking
satisfaction,—Measurement of pulse rate and blood
pressure,—CO analysis of tidal air (S mun after the last puff)
To assess the subjective need for smoking, a 100 mm
analog scale was presented, marked at the two ends with ‘‘no
need to smoke at all’” and ‘‘very strong need to smoke '’
The assessment of smoking satisfaction was correspondingly
achieved with the presentation of an analog scale marked at
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FIG 2 Puffing vanables averaged separately for the female, male, and whole subject sample The subjects have been classified into groups
according to the machine standard nicotine yield of their habitual cigarette (left) and the lighter test cigarette (nght)

the ends with ‘‘the cigarette tasted very good’™ and “‘the
cigarette tasted very bad *’

Data Analysts

All experimental data were punched on cards and statisti-
cally analyzed on a large-scale CDC computer using the
SPSS and BMDP software systems The statistical analyses
included cross-sectional correlations and comparisons of
means by the ¢-test method (two-tailed) Multiple regression
analyses were performed in order to evaluate the main
determinants of cigarette consumption, mouth-level and
alveolar-level smoke uptake The analyses were performed
separately for each sex

RESULTS

Table 1 shows for each sex the averages for the smoking
habit and physiological data The female subjects differed
from the male subjects by sigmificantly lower blood pressure
and by smoking lighter cigarettes In all other aspects, in-

cluding the daily frequency of cigarette smoking, the two
sexes did not differ from each other

Means of Smoking Variables and Switching Effects

For quantitative comparisons, all puffing and respiratory
data are presented in Table 2 as averages for both sexes and
both types of cigarettes Switching to the lighter cigarette
with about 50% less smoke yield produced in both sexes an
increase of the puff volumes by about 20%, but no sigmificant
changes for any of the measures of respiratory inhalation
The net decrease 1n mouth intake of CO and nicotine per
cigarette thereby amounted to about 30% Both sexes rec-
ogmzed the low delivery cigarette immediately and rated 1t
significantly less satisfactory than the habitual cigarette

Cross-Sectional Analyses

The results of the cross-sectional analyses (Kendall 7) are
presented in Figs 2 and 3 For illustrative purposes the sub-
Jects have been classified into groups of equal size according
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FIG 3 Inhalation vanables and pre- to postsmoking heart rate difference, averaged separately for the female, male, and whole sample
The subjects have been classified into groups according to the machine standard nicotine yield of their habitual cigarette (left) and the
lighter test cigarette (nght)
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TABLE 3
MULTIPLE REGRESSION ANALYSES
Dependent Onginal set of Subset of independent vanables
vanable independent vanables Sample for best regression r R- F
Cig /day Nicotine yield male + female —
Condensate yield
CO yield male —
Smoke pH
female Smoke pH (0 56%) 0353 022 (3.38)=4 95+
CO yield (0 68*)
Nicotine yield (-0 36)
CO baseline Nicotine yield male + female Cig /day (0 52%) 0353 027 (2 112)=22 34%
Condensate yield Nicotine yield (0 20*)
CO yield
Smoke pH male Cig /day (0 411) 050 021 (2,60)=9 47z
Cig /day Condensate yield (0 351)
fenale Cig /day (0 407) 051 020 (3,38)=4 50t
CO yield (0 49)
Condensate yield (-0 35)
Puff volume/ Nicotine yield male + female CO basehne (0 311) 036 011 (2,102)=7 42%
cig Condensate yield CO yield (-0 23*)
CO yield
Smoke pH male CO baseline (0 48%) 0 47 017 (4.58)=4 08t
Cig /day CO yield (-0 34%)
CO baseline Smoke pH (-0 22)
Cig /day (—0 18)
female Nicotine yield (—0 31*) 031 007 (1,40)=4 31*
Postpuff Nicotine yield male + female Puff vol /cig (0 46%) 055 026 (4,78)=8 34%
inspiratory Condensate yield CO yield (0 30%)
volume/cig CO yield Smoke pH (-0 19)
(PPIV) Smoke pH CO baseline (-0 16)
Cig /day
CO baseline male CO mouth intake (0 50%) 0 64 039 (2,49)=17 33%
Puff volume/cig Smoke pH (-0 26)
Nicotine mouth intake
CO mouth 1ptake female —
A tidal CO Nicotine yield male + female CO baseline (0 40%) 050 020 (5,85)=5 62%
Condensate yield Nicotine yield (—0 25)
CO yreld PPIV (0 19)
Smoke pH Nicotine mouth intake (0 23)
Cig /day Cig /day (0 15)
CO baseline
Puff volume/cig male CO baseline (0 511) 0 56 025 (5,47)=4 407
Nicotine mouth intake PPIV (0 42t)
CO mouth ntake Cig /day (-0 28)
PPIV Condensate yield (—0 25)
Smoke pH (0 22)
female Puff volume/cig (0 36%) 048 019 (2.44)=6 541

CO baseline (0 26)

*p<<0 05, tp<0 01, 1p<0 001
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to the nicotine yield of their habitual brand (left panel) and
reclassified according to the nicotine yield of the lighter ciga-
rette (right panel) smoked for comparison The correlation
coefficients shown in the figures give evidence for some
compensation for differing nicotine yields, mainly among the
puffing variables However, mouth nicotine intake, mouth
CO 1ntake, and the total puff volumes per cigarette still cor-
related significantly with the smoke yield measures of the
cigarettes as shown in the bottom panel of Fig 2

The volumes of the first postpuff respiratory cycle (inha-
lation volumes) are shown in Fig 3 for the same sample
splits Inhalation volumes were smaller for decreasing ciga-
rette strength, but this trend was evident only across the
habitual cigarettes and not across the lighter cigarettes
smoked for comparison The postpuff expirations (smoke
exhalation volumes) were also smaller for lighter cigarettes,
but 1n this case the relation became significant for both ciga-
rette types The pre- to postsmoking differences n tidal air
CO (= A tidal CO) were nearly identical for all subsamples
As a result *‘inhalation efficiency’’ defined as A tidal CO in
ppm per unit of CO mouth intake [27] increased rather con-
sistently and strongly with decreasing smoke yields

Multiple Regression Analyses

A series of multiple correlation analyses were computed
in order to delineate more closely the interdependence of the
main vanables of smoking behavior This was achieved with
the BMDP 9R software program, which allows to search for
the combination of independent variables producing the
most appropriate multiple regressions As cnteria for the
best multiple regressions, both small Cp values and high
amounts of explained variance were adopted [28]

Table 3 lists the different multiple regressions 1n a hierar-
chical order beginning with the evaluation of the determi-
nants of daily cigarette consumption and ending with deter-
minants of alveolar CO uptake by including 1n each step all
variables already used in the previous steps

According to this analysis daily cigarette consumption
was rather independent of the smoke yield variables in men
but not in women For pretest baseline tidal air CO a rather
consistent dependence on both the smoke yields and daily
consumption was obtaned The vanations in total puff vol-
ume per cigarette were relatively poorly determined with
only small amounts of variance being explained by any of the
multiple regressions It was best predicted by tidal air CO
baseline and the smoke CO yields in the whole sample and 1n
the male subsample, while, nterestingly, nicotine yield
seemed to play a role among the female subsample only

The postpuff inspiratory volumes (PPIV) were statisti-
cally related to different subsets of variables in the whole
sample and the male subsample Positive correlations were
obtained with cigarette smoke yield measures in the whole
sample and 1n the male subsample, but not in women

A Tidal CO was correlated again in a sex differentiated
manner CO baseline played a significant role in the whole
sample and in the male subsample The postpuff inspiratory
volumes, which were expected to play an important role, did
so 1n a significant manner in the males only, but neither in the
females nor in the whole sample In contrast, in the females
the puff volumes and to a lesser extent CO baseline were the
only variables contributing to the explanation of A tidal CO

In addition, a limited set of umvanate Kendall correla-
tions were computed across the different inhalation meas-
ures Subjective depth of inhalation correlated positively
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with A tidal CO (1=0 27), p<0 01) but not with PPIV, and
PPIV did not correlate with A tidal CO

DISCUSSION

The aim of this study was to evaluate 1n a cross-sectional
and switching paradigm the interactions of cigarette smoke
yields with puffing and inhalatory patterns by using a rather
large subject sample The analyses of puffing patterns were
based on the cigarette holder flowmeter method [7] Al-
though this method has been validated by comparisons with
a pyrometer method [10], it was shown to intensify puffing
behavior [26] However, changes in cigarette design resulted
in comparable changes 1n puffing behavior when measured
with a holder or an inductive plethysmographic cheek coil
[26] Statistical analyses were performed separately for the
two sexes Although puffing and inhalation patterns seemed
to be differentially influenced 1n the two sexes as suggested
earlier [2], the differences are rather difficult to interpret

The present study indicates that alveolar absorption of
CO 1s generally independent of cigarette strength as deter-
mined by smoke yields for CO, nicotine, and condensate
This was the case both for the cross-sectional comparison
between smokers of different cigarettes, including also a
rather large proportion of smokers with ‘‘ultra’™ hght ciga-
rettes, and when these smokers switched within the same
test session to a cigarette with smoke yields lowered by
about 40 to 50% This 1s in general agreement with a number
of previous studies [2, 3, 17, 19]

A different picture was obtained for the estimated mouth
smoke intake These measures do not take into account
modulatory effects of puffing intensity on smoke deliveries
[6,21], however, on the average they turned out to be highly
dependent on the smoke yields of the cigarettes in the cross-
sectional companson and they also decreased significantly
when the smokers switched to the lighter cigarettes There-
fore. the observed compensatory increases of puffing vol-
umes 1n response to decreasing smoke deliveries were by far
not complete and thus cannot explain the near complete
compensation seen for alveolar CO uptake or heart rate ele-
vation as a relative index of nicotine intake [15,25]

Similar dissociations between mouth intake of smoke and
alveolar intake have been observed in other switching
studies [12,20] In the Russell er al study [20], postsmoking
COHb levels seemed to be unaffected by switching to lighter
cigarettes, as seen In the present study, while plasma
nicotine levels and estimated mouth nicotine intake obtained
by butt analyses were diminished

Interestingly, inhalation volumes, although considered as
a mam factor 1n alveolar smoke uptake [11,18], were not
changed 1n a compensatory manner by switching to the
lighter cigarette Furthermore, the failure of such a compen-
satory change also became apparent considering the devel-
opment of the postpuff inspiratory volumes (inhalation vol-
ume) 1n the cross-sectional comparison

The observed trend toward a positive relation between
mhalation volumes and smoke yields of the cigarettes may at
first glance be directly opposite to what one might expect
However, 1n a speculative manner, one could also expect
that the smoker tends to dilute concentrated smoke by mn-
creasing postpuff inspiration volumes At this stage 1t should
also be remembered that mouth intake of smoke and subse-
quent inhalation are two highly independent steps [5,26]
Thus 1s also particularly evident from the multiple regression
analysis presented 1n this study and might thus be one reason
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for the observed differential effect of varying smoke de-
liveries on puffing, respiratory inhalation patterns and alveo-
lar CO absorption According to this two-step hypothesis,
the smoker fills his mouth with a vanable amount of smoke,
thereby manipulating smoke concentrations to some extent
by means of an appropriate puffing pattern (to fulfill his gus-
tatory needs?), and subsequently inhales a variable bolus of
this smoke adequately diluted by arr (to control for sensory
irntation of the tracheobronchial mucosa?) Finally, the
positioning of the smoke 1nto the inspiratory air bolus might
further determine whether the smoke reaches merely the
upper dead space or also the lower alveolar space of the
respiratory system where nicotine and CO are efficiently ab-
sorbed [8]

Only a few attempts have been made so far to measure
and estimate the depth of inhalation by using different tech-
niques for the registration of respiratory movements Strain
gauge pneumograms were used by Rawbone ¢s a4/ [18] and
Herning er al [13], yielding spirometrically calibrated values
of the inhalation volumes, and by Nil ez «/ [17], using a
qualitative score as a measure of puff positioning within the
ventilatory cycle Guillerm and Radziszewsk: [10] and Hern-
ing et al [13] measured inhalation volumes by spirometer
calibration of transthoracic impedance signals, as in the
present experiment, and Tobin and Sackner [26] used the
method of inductive plethysmography 1n a similar way The
most precise and also most elaborate method for the con-
comitant registration of puffing and respiration has recently
been described by Adams e7 a/ [1] using a head and arm-out
whole body volume displacement plethysmogram The re-
sults obtamed 1n the above mentioned studies generally
showed highly stable individual patterns of puffing and inha-
lation but also showed only relatively weak positive relations
between the measures of the inhalation volumes and indexes
of alveolar smoke uptake, such as plasma nicotine or COHb
boosts As in the present expennment, Adams ¢t «l [1]
showed that the depth of inhalation was much less predic-
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tive in a multiple regression analysis tor alveolar CO uptake
than expected Switchimg studies using only a hmited
number of subjects have also failed so far to show significant
compensatory adaptions of the depth of mhalation [14,26] or
did not analyze the data in this direction [13] This 1s 1n
general agreement with the failure of this large scale study to
find significant switching effects on any of the inhalatory
parameters measured This study further showed that inha-
lation efficiency could not be explained by the depth of mha-
lation, and thus, as suggested by Adams er ul [1], the rele-
vance of mhalation volume measures has to be questioned
with respect to their predictive value for alveolar smoke up-
take

However, although the dynamics of smoke inhalation are
sull poorly understood, they remain of particular relevance
for their presumed relation to tobacco-related diseases So
far epidemiological studies rehed, for this particular aspect
of smoking, on self-reports rather than on objective meas-
ures such as mouth intake of smoke, CO or nicotine absorp-
tion, and the outcomes of such studies are equivocal Some
epidemiological studies reported increased risks for lung
carcinoma 1n inhalers [16]. whereas other reported risk 1n-
creases for noninhalers [9,14] These discrepancies might be
understood 1n the hght of the well-documented fact. also
observed 1n the present study, that self-assessments of inha-
lation tend to be rather poorly related to the outcome of
objective measures [24)
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