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bstract Purpose: The objective of this study was to explore the smoking topography of adolescent
smokers. It is well established that the majority of adult nicotine-dependent smokers began smoking
as adolescents. Whereas recent advances have been made with respect to identification of factors
that predispose to nicotine dependence, very little is known about the actual smoking behavior (e.g.,
topography) of adolescent smokers, or its relationship to nicotine dependence. Correspondingly, the
extent to which adolescent smokers smoke to obtain nicotine is also unknown.
Methods: In the present study, we assessed several topographical indices of smoking (e.g., puff
volume, puff number) in a sample of 35 light, adolescent smokers. Moreover, we examined whether
smoking behavior is different in response to smoking a denicotinized relative to a high-yield,
nicotine cigarette.
Results: All participants evidenced a significant increase in expired air carbon monoxide after the
smoking of a cigarette. Results of independent-sample t-tests revealed that adolescents who smoked
a low-yield nicotine cigarette took significantly more puffs per cigarette than did those who smoked
a high-yield cigarette.
Conclusions: These findings suggest that adolescent smokers do titrate their nicotine intake in
response to smoking denicotinized cigarettes, but do so not by taking larger puffs or smoking more
quickly, but by simply taking more puffs per cigarette. Implications of the findings and future
directions for this type of research with adolescents are discussed. © 2007 Society for Adolescent
Medicine. All rights reserved.
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The pathways leading to smoking initiation, mainte-
ance, and nicotine dependence are, no doubt, complex,
omprised of numerous psychological, biological, and con-
extual influences [1]. It has become increasingly clear,
owever, that the vast majority of adult smokers, most of
hom meet criteria for nicotine dependence, began smok-

ng as adolescents. Indeed, whereas small comfort can be
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oral Sciences Building, Room 1009, Chicago, IL, 60607.
aE-mail address: jkassel@uic.edu

054-139X/07/$ – see front matter © 2007 Society for Adolescent Medicine. All
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erived from the observation that adolescent smoking in the
nited States appears to have peaked in the mid-1990s [2],
ore recent data indicate that the rate of decline in adoles-

ents’ use of cigarettes has been decelerating over the past
everal years [3]. In fact, among eighth graders, smoking
ates have plateaued, a potentially bad omen for smoking
rends among the current generation of young adults.

In response to the multiple challenges posed by adoles-
ent smoking, dubbed a “pediatric disease” by Kessler and
olleagues [4], a burgeoning research movement has at-
empted to better understand the determinants, correlates,

nd consequences of smoking behavior in young people

rights reserved.
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see reviews in [1,5–8]). As a result, significant progress
as been made on numerous fronts. Yet, one question that
emains unanswered is precisely how and/or when nicotine
ependence emerges among young smokers. Whereas many
ave assumed that the majority of adolescent smokers are,
r will inevitably become, nicotine dependent, the fact is
hat we know very little about the actual smoking behavior
f adolescents and the extent to which such behavior is
elated to the emergence of nicotine dependence in adoles-
ence [6,9]. There is strong reason to believe, however, that
dolescent smoking differs in several important respects
rom smoking behavior most often seen in adults. Relative
o adults, who frequently manifest highly entrenched smok-
ng patterns, the smoking of young people tends to be far
ore variable with respect to rate, frequency, and topogra-

hy [8]. To be clear, however, regardless of one’s age, to
ecome dependent on tobacco, the smoker must be repeat-
dly exposed to active doses of nicotine.

Whereas a fairly large literature addresses the smoking
opography of daily—often nicotine-dependent—smokers,

host of ethical, legal, and pragmatic obstacles renders
nvestigation of smoking topography in adolescent smokers
most difficult undertaking [10]. Only within the past several
ears have studies examining the smoking topography of
dolescent smokers begun to emerge [11–16]. Taken to-
ether, these investigations suggest that young smokers
ppear to take smaller and more puffs than adult smokers.
t the same time, there is reason to believe that adolescent

mokers do self-administer physiologically active doses of
icotine [12,15], and that some topographical indices (puff
olume) are actually predictive of smoking cessation out-
ome [13]. As such, these observations are critically impor-
ant as they begin to shed light on the manner in which
dolescents actually smoke cigarettes, and the potential re-
ationship between these behaviors and the emergence of
icotine dependence.

The objective of the present study was to further explore
he smoking topography of adolescent smokers. More spe-
ifically, we were interested in determining whether young
mokers exhibit differential topographical responses when
moking denicotinized, as compared with high-yield nico-
ine cigarettes. Although we use a between-subjects design, in
hich each participant is exposed to only one nicotine condi-

ion, such an approach can still provide indirect, yet potentially
mportant, evidence for nicotine titration [17,18]. Titration
ould be discernible in a number of ways, including de-
reased inter-puff intervals, increased puff volume, and/or
ncreased number of puffs per cigarette. Indeed, such topo-
raphical indices have a rich history within the realm of
tudying adult nicotine dependence (see [17]) and can, in
art, serve as a read-out of nicotine seeking. Put simply,
lthough inconsistencies in the literature are to be found,
here is ample evidence suggesting that most smokers—at
east heavier, regular smokers—partially compensate in re-

ponse to smoking a cigarette of a different smoke yield (see w
cherer, 1999 for an extensive review [17]). Moreover, such
ompensatory smoking behavior is likely driven by attempts
o regulate nicotine intake (e.g., up-regulation in response to

lower nicotine yield cigarette [19]). Again, however, the
xtent to which adolescent smoking behavior is motivated
y attempts to self-regulate nicotine intake is as yet un-
nown.

ethods

articipants

This study was approved by the Institutional Review
oard at the University of Illinois at Chicago. Given that
ost of the study participants were under 18 years of age,

uch individuals also provided signed parental consent
orms, in addition to the participant’s own signed assent.
Participants who were 18 years old needed to provide only
heir own signed consent form.) Because of the potentially
ensitive nature of the study (i.e., administration of nicotine
ia cigarettes to minors), great care was taken in ensuring
hat all participants and their parents understood the objec-
ives of the study and the requests being made of the
articipants. To be clear, no participant was mandated to
moke as a part of their study participation. Rather, adoles-
ents were given the opportunity to smoke “as much or as
ittle” of the cigarette as they so desired.

Thirty-five adolescent smokers were recruited from the
hicago greater metropolitan area as part of their participa-

ion in a larger IRB-approved study assessing the acute
ffects of nicotine on emotional response in adolescent
mokers (Kassel JD et al, unpublished manuscript, Univer-
ity of Illinois at Chicago, Chicago, IL, 2006). Participants
eceived either monetary compensation or, if they were
niversity students, course credit for their participation in
his one visit, 90-minute study. Participants were between
5 and 18 years of age and were required to have smoked
or at least 4 weeks, and smoke a minimum of one cigarette
week, but no more than five cigarettes a day on average.

Although establishing a maximum cut-off of five cigarettes
er day ultimately represents an arbitrary decision, there is
eason to believe that smoking at this level or less is frequently
ndicative of nondependent smoking. Moreover, the same cri-
eria have been used to define tobacco chippers—individuals
ho, although though they smoke with some degree of

egularity, do not appear to progress to nicotine dependence
20]). Thus, our intention was to assess nicotine-seeking in

relatively young, novice group of smokers. Participants
ere then randomly assigned to one of two experimental
roups: a high-yield nicotine (HY) or denicotinized (DN)
igarette condition.

igarettes

To ensure standardization in nicotine and tar yields

ithin the DN and HY nicotine conditions, research ciga-



r
i
m
c
t
a
e
s
c
i
s
p
t
r
t
t
y

M

S
u
s
b
p
P
a
d

N
a
n
d
c
s

C
p
a
S
i
r

C
p
n
r
a

O
t
h
b

P

p

t
s
t
p
c
a
t
i
[
n
I
l
s
t
m
d
c
b
i
c
c

R

S

1
p
w
e
s
f
p
1
I
t
i
s
r
o
r
c
(
r
D
a
j
i
2
c

t
c

56 J.D. Kassel et al. / Journal of Adolescent Health 40 (2007) 54–60
ettes (Ultratech/Lifetech, Inc., Lafayette Hill, PA) contain-
ng .06 mg nicotine/17.9 mg tar and 1.14 mg nicotine/15.9
g tar nicotine levels were used, respectively. The DN

igarettes were designed to have the appearance, draw and
aste of standard cigarettes but to contain and deliver virtu-
lly no nicotine (�.06 mg), while at the same time deliv-
ring tar and carbon monoxide (CO). (For a detailed de-
cription of the pharmacokinetic and pharmacodynamic
haracteristics of both the DN and HY cigarettes, the reader
s referred to Pickworth et al, 1999 [21].) Importantly, these
ame research cigarettes have been used in numerous ex-
erimental studies of smoking behavior (e.g., [22–24]),
hereby establishing their overall utility, particularly with
espect to the effectiveness of the placebo (DN) cigarette. In
he present study, all participants were led to believe that
hey would be receiving and smoking a “regular” nicotine-
ield cigarette.

easures

moking topography. Smoking topography was assessed
sing the Clinical Research Support System (CreSS; Plow-
hare Technologies, Baltimore, MD). Indices included num-
er of puffs per cigarette, puff volume, puff duration, inter-
uff interval, and maximum flow rate (velocity) per puff.
revious research supports the reliability and validity of this
ssessment method of smoking topography in older, depen-
ent smokers [25], as well as in adolescents [12].

icotine dependence. Nicotine dependence was assessed using
modified version of The Fagerström Tolerance Question-
aire (mFTQ) [26], specifically designed to measure depen-
ence in adolescent smokers [27]. Previous findings indi-
ate that this measure is valid and applicable to adolescent
mokers [27].

raving. Cigarette craving—construed as an integral com-
onent of the tobacco withdrawal syndrome—was assessed
t the study’s outset with the craving subscale of the
hiffman-Jarvik Withdrawal Questionnaire [28]. This six-

tem measure has been widely used and proven valid and
eliable (alpha coefficient of .86 in the present sample).

igarette ratings. At the study’s end, all participants com-
leted a brief questionnaire querying them about the “harsh-
ess,” “strength,” and “pleasantness” of the research ciga-
ette they smoked. Response options ranged from 1 (not at
ll) to 4 (very much so) [29].

ther smoking behavior. With respect to the actual day of
esting, all participants were asked both how recently they
ad smoked and how many cigarettes they had smoked
efore their participation in the study.

rocedure

Upon their arrival at the laboratory, all participants com-

leted either informed consent or assent, and the details of s
he procedure were reiterated verbally. All sessions were
cheduled between 1:00 PM and 4:00 PM. Participants were
hen given the opportunity to smoke a research cigarette
rovided by the experimenter, and were blind to the nicotine
ontent of the cigarette. After being instructed to smoke, in
n ad libitum manner, as much or as little of the cigarette as
hey wanted, participants lit the cigarette and then inserted
t into the CreSS mouthpiece. (To enhance the ecological
external] validity of the study, we believed it important to
ot mandate that participants smoke their entire cigarette.
ndeed, given the nature of this sample—young, relatively
ight smokers—it was imperative that they be allowed to
moke in an ad libitum style, for ethical reasons as well as
o best capture smoking topography in as unrestrained a
anner as possible.) At the study’s end, participants were

ebriefed, compensated, and given referrals to smoking
essation programs. All participants provided expired air
reath samples—both immediately before and after smok-
ng the research cigarette—that were assessed for alveolar
arbon monoxide (CO) levels by using a Vitalograph EC 50
arbon monoxide monitor.

esults

ample characteristics

Participants were randomized into either the DN (n �
9) or HY (n � 16) experimental groups. (Using the G-
ower program [30] with which to conduct power analyses,
e found that we had reasonable power [.63] to detect large

ffect sizes and only modest power [.30] to detect medium
ize between-group effects.) Sample characteristics can be
ound in Table 1. The sample was ethnically diverse, com-
rised of 43% Caucasians, 25% Asian/Pacific Islanders,
7% Hispanics, 6% African Americans, and 9% Others.
ndependent sample t-tests revealed that the two experimen-
al groups were comparable in terms of: age, gender, ethnic-
ty, proportion of community to student participants, amount
moked, years smoked, recency of smoking, number of ciga-
ettes smoked on the study day, baseline craving, and levels
f nicotine dependence. Whereas independent sample t-tests
evealed that the groups also rated their respective research
igarettes comparably with respect to perceived harshness
p � .10) and strength (p � .90), the HY cigarettes were
ated as significantly more pleasant (3.67 vs. 3.06) than the
N cigarettes, p � .02. Taken together, participants smoked

n average of 20 cigarettes a week, and had started smoking
ust over 2 years ago. Their scores on the mFTQ were
ndicative of very low levels of nicotine dependence (M �
.2, SD � 1.33). Thus, as intended, the study sample was
omprised of young, relatively light smokers.

Importantly, correlational analyses revealed that neither
ime since last cigarette (r � �.27, p � .10) nor number of
igarettes smoked on the day before the experimental ses-

ion (r � .24, p � .10) was significantly associated with
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aseline craving or with any of the smoking topography
ndices (all ps � .30).

moking topography measures

All smoking topography data were first processed
hrough the software program, Puff Clean Up (Plowshare
echnologies, Baltimore, MD), to remove any artifacts

rom raw data recorded from the CreSS unit. Initial zero-
rder correlational analyses revealed no significant associ-
tions between the topography measures and the measure of
icotine dependence, except for the following: Average puff
olume was significantly correlated with nicotine depen-
ence (r � .35, p � .05).

Next, we assessed pre- to postsmoking boosts in exhaled
arbon monoxide across the two nicotine conditions by
onducting a mixed model, repeated measures (pre- and

Table 1
Smoking and demographic characteristics of the sam

Full sample
(n � 35)

Age (years) 17.5 (1.1)
Gender (# female) 18
mFTQ 2.2 (1.4)
Baseline craving 25.26 (6.07)
Time since last cig (hours)a 11.14 (18.72)
Cigs smoked today 1.68 (1.89)
Days a week smoke 5.6 (1.7)
Cigs a day smoke 3.6 (1.7)
Years smoked 2.3 (1.4)
Cig harshness 2.6 (1.0)
Cig strength 2.6 (1.0)
Cig pleasantness 3.4 (.7)

HY � high yield; LY � low yield; mFTQ � mod
Numbers in parentheses are standard deviations.

* p � .05.
a Because of the highly skewed nature of this v

transformation. The data presented here, though, are

Table 2
Smoking topography indices

Full sample
(n � 35)

H
(n

Puff number 17.51 (8.7) 1
Average volume (mL) 43.07 (20.2) 4
Average duration (s) 1.18 (.4)
Average IPI (s) 23.54 (12.9) 2
Average flow (mL/s) 55.23 (18.8) 5
Total volume (mL) 862.92 (521.5) 71
Total duration (s) 20.65 (10.6) 1
Total IPI (s) 368.60 (113.7) 28
Total flowa 1117.33 (623.8) 87

HY � high yield cigarette; DN � denicotinized c
monoxide. Numbers in parentheses are standard dev

* p � .05; ** p � .005; *** p � .001.
a Total flow is calculated by summing the flow (v
part by total puff number.
ostcigarette CO breath readings) analysis of variance. Re-
ults revealed a significant main effect for time, such that on
verage, CO increased by 8 ppm in response to smoking,
(1,33) � 111.16, p � .001. Whereas the interaction effect
etween time and nicotine condition was not significant,
(1,33) � 2.36, p � .10, a trend emerged such that those
ho smoked the DN cigarette showed higher CO boosts

M � 9.05) than did those in the HY condition (M � 6.75).
Independent sample t-tests were then conducted to de-

ermine if any differences in smoking topography emerged
s a result of cigarette condition (HY vs. DN). As can be
een in Table 2, these analyses indicated that the DN smok-
rs took significantly more puffs than the HY smokers,
(33) � 3.02, p � .005. Group differences (DN � HY) also
merged for interpuff interval total t(33) � 3.76, p � .0001,
nd flow total, t(33) � �2.10, p � .05. Because these latter

cotine group
6)

LY nicotine group
(n � 19)

t(33)

(1.1) 17.5 (1.1) �.071
10 —

(1.4) 2.1 (1.4) .67
(5.84) 24.84 (6.39) .44
(25.90) 7.63 (8.86) 1.19
(1.87) 1.48 (1.93) .70
(1.6) 5.5 (1.8) .53
(1.2) 3.8 (2.0) �.65
(1.3) 2.0 (1.4) 1.57
(1.1) 2.9 (.9) 1.67
(1.2) 2.6 (.7) .02
(.6) 3.1 (.8) �2.57*

gerstrom Tolerance Questionnaire; cig � cigarette.

all analyses were conducted using a logarithmic
on raw scores.

ine group DN nicotine group
(n � 19)

t(33)

.3) 23.20 (8.9) �3.02**
2.2) 40.10 (18.7) .67
4) 1.00 (.4) .15
2.9) 23.00 (13.2) .27
8.9) 53.40 (19.0) .60
61.8) 988.80 (547.2) �1.60
.7) 23.98 (11.5) �2.00
0.6) 435.2 (130.5) �3.76***
90.4) 1319.26 (744.2) �2.03*

; IPI � inter-puff interval; CO � expired air carbon
.

s) for each puff and, as such, is determined in great
ple

HY ni
(n � 1

17.5
8

2.2
25.75
15.35
1.93
5.8
3.4
2.7
2.4
2.6
3.7

ified Fa

ariable,
Y nicot
� 16)

5.10 (6
5.42 (2
1.12 (.
4.23 (1
7.24 (1
3.05 (4
6.70 (9
9.50 (9
7.53 (4

igarette
iations

elocitie
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wo measures are derived, in part, from puff number, the
esulting group differences are likely attributable to the signif-
cant difference in puff number observed between the two
icotine conditions. Group differences in total puff volume
nd total duration approached significance, with p values
qualing .10 and .052, respectively.

Last, we calculated a compensation index (CI; Thurau
nd von Hees, 1990, as cited in [17]), which determines, in
elative units, the degree to which a smoker responds to a
hange in smoking (nicotine) yields with a change in some
spect of smoke uptake (e.g., number of puffs). This algo-
ithm can be expressed as the following, whereby a CI of 0
s reflective of no compensation, a CI of 1 reflects complete
ompensation, and a CI falling between 0 and 1 indicates
artial compensation:

CI � 1 �
% Change of uptake marker for A

% Change of cigarette smoke yield of A

here A is a tobacco smoke constituent (in the present case,
icotine). Hence, we used the CI algorithm to compare
hange across the two nicotine conditions (DN and HY)
ith respect to puff number and total puff volume.
As applied to the significant group difference found with

uff number, the index was .63, indicative of partial com-
ensation. Although as noted earlier, the difference in total
uff volume between the two nicotine conditions was not
tatistically significant, the resultant CI index was .30, also
eflecting partial compensation.

iscussion

As adolescent cigarette smoking remains a profound
ublic health concern, research addressing the actual smok-
ng behavior of adolescents is sorely needed. Assessment
f smoking topography provides one such valuable tool
hrough which the manner in which young smokers smoke
heir cigarettes can be determined. Hence, assessment of
moking topography in adolescent smokers represents an
mportant step in characterizing differences in smoke expo-
ure, and provides the opportunity to examine whether
dolescents manifest differential smoking behavior in re-
ponse to self-administration of a denicotinized cigarette.

Several interesting findings emerged from the present
tudy. First, consistent with the findings of previous re-
earch (e.g., [11,12,14,15]), we found that adolescent smok-
rs appear to self-administer physiologically active doses of
icotine. This deduction is supported by the significant
oost in expired air CO (�8 ppm) seen in all study partic-
pants, regardless of whether they smoked the HY or DN
icotine cigarette. And, although the differences in CO
oost between the two nicotine conditions were not signif-
cant, a marginal trend emerged, suggesting that those who
moked the DN cigarette may have taken in more CO,

erhaps as a result of titrating their smoking. Clearly, more c
esearch will be needed to see if this is, indeed, a reliable or
eaningful finding.
Second, and perhaps more importantly, indirect evidence

f nicotine titration was seen in the number of puffs taken
er cigarette; those in the DN nicotine condition took sig-
ificantly more puffs per cigarette than did the HY smokers.
hereas compensatory smoking is more typically evi-

enced by increases in puff volume (which was not ob-
erved in this study), the finding of increased puffs per
igarette nonetheless represents a potentially important and
ovel manifestation of titration in young, light smokers.
ndeed, as Benowitz [31] points out, “Of course, smokers
re not limited in the number of puffs they may take from a
igarette . . . If smokers receive less tar and nicotine per puff
rom lower yield products, they can easily compensate by
aking more puffs” (p. 18). Moreover, significant nicotine
ffects were also observed for total flow rate, or velocity of
nhalation, and marginal nicotine effects were seen for total
uff volume and duration. As noted earlier, although such
ndings are driven by the fact that the DN smokers took
ore puffs relative to HY smokers, they are nonetheless

mportant, as they reflect (particularly total puff volume)
ncreased smoke exposure by the DN group. Finally, find-
ngs derived from the compensation index—indicative of
artial compensatory responses in total puff number and
otal puff volume—are both novel and intriguing in terms of
etter understanding adolescent smoking behavior.

The actual number of puffs per cigarette observed in the
Y condition (15.1) was similar to that observed in other

tudies [11,12,15] of adolescent smokers, where number of
uffs have typically ranged from 14 to 16. Of note, how-
ver, is that the sample of adolescent smokers in the present
tudy smoked considerably less (in terms of days a week
nd cigarettes per day) relative to adolescent smokers as-
essed in previous investigations. Furthermore, the number
f puffs per cigarette more typically seen in adult smokers
anges from 10 to 12. Thus, it appears that, relative to their
dult counterparts, adolescent smokers take more puffs per
igarette and also tend to exhibit lower puff volumes. Again
y way of comparison, the average puff volume observed in
he current study (43 mL) is slightly higher than those
eported in earlier investigations of adolescent smokers
e.g., 35–38 mL [11]; 34.5 mL [12]; 39 mL [14]). Indeed,
omewhat surprisingly, the puff volumes detected in the
resent study of very light smokers approximates volumes
ypically observed in adult, dependent smokers [15,31].
f course, cross-study comparisons of the kind described
erein must be interpreted with great caution, as certain
spects of the study design and/or measurement techniques
ay have differentially affected puffing parameters across

nvestigations.
Several limitations of the study need to be acknowl-

dged. We used a between-subjects design, such that each
articipant was exposed to only one of the two cigarette

onditions. Ideally, studies of nicotine compensation should
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se a repeated measures, within-subjects design [17], which
ltimately affords greater statistical power and allows the
articipant to act as their own control. Nonetheless, it could
e argued that the between-subjects approach taken in the
urrent study provided a most conservative test of assessing
ompensatory-like behavior (i.e., titration) for these same
easons. Correspondingly, it is conceivable that some po-
entially significant effects (e.g., total puff volume, CO
ntake) went undetected due to inadequate statistical power.
lso, participants were asked to smoke a research cigarette
rovided to them by the experimenter, in lieu of smoking
heir own typical brand. (In fact, anecdotal reports from
any of the participants indicated they did not have a

usual” cigarette brand, as they often simply borrowed their
igarettes from others.) In concert with the artificiality of the
aboratory environment, this approach may have weakened
he ecological (external) validity of our findings. Moreover,
iven that we studied the smoking of a single cigarette, we
annot ultimately know how representative these findings
re at the level of any given smoker, nor can the findings of this
tudy speak to how smoking topography may vary across the
ourse of a day when multiple cigarettes are smoked.

Finally, it is important to note that those in the HY
ondition rated their cigarettes as more pleasant relative to
hose who smoked the DN cigarettes. The extent, if any, to
hich this differential subjective preference affected puff
arameters, is not known, although it is conceivable that
hose in the HY took fewer puffs simply because these
igarettes were more satisfying (a notion not too dissimilar
rom the very premise of compensatory smoking, i.e., titra-
ion). However, results from an analysis of covariance, in
hich we controlled for pleasantness ratings, still revealed
significant difference in puff number between the two

icotine conditions (p � .006), suggesting that such a dif-
erence cannot be attributable to perceived differences in
leasantness across the two nicotine conditions.

In summary, expanding our knowledge base of smoking
ehavior among adolescents is imperative to scientific and
obacco control research agendas. Because the majority of
icotine-dependent adult smokers began smoking as ado-
escents, it is clear that the factors governing smoking ini-
iation and subsequent trajectories toward dependence need
o be identified. The results of the present study add to this
rowing database, showing that nicotine titration does oc-
ur, even in relatively young and light adolescent smokers.
nterestingly, and perhaps importantly, the nature of this
ompensatory behavior is somewhat unusual. In response to
moking a denicotinized cigarette, adolescents appeared to
itrate not by puffing harder or more quickly, but rather by
imply taking more puffs per cigarette. Future research is
ertainly needed to assess the reliability and validity of
hese findings. Finally, the extent to which nicotine com-
ensation itself may be a marker of nicotine dependence
e.g., [32]) needs further empirical scrutiny. In the present

tudy, we observed a significant (positive) correlation between
uff volume and a measure of nicotine dependence (mFTQ).
cknowledging that laboratory studies with adolescent smok-

rs present daunting challenges, more research of this nature is
orely needed to advance our understanding of smoking be-
avior in this most vulnerable age group.
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