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Abstract

Introduction: Young adults (aged 18-24 years) have a higher smoking prevalence than younger
and older age groups and young adulthood is an important developmental period during which
long-term behavior patterns like cigarette smoking are established. The aim of the current study
was to examine how young adult smokers with additional vulnerabilities to smoking respond to
reduced nicotine content cigarettes.

Methods: This is a secondary analysis of a double-blind, within-subject experiment conducted
with 169 cigarette smokers recruited from populations with comorbid psychiatric conditions or
socioeconomic disadvantage assessing acute effects of research cigarettes varying in nicotine
content (0.4, 2.4, 5.2, 15.8 mg/g). Participants were dichotomized by chronological age (18-24 vs.
>25 years). Across 14 laboratory sessions effects of nicotine content were examined on measures
of relative reinforcing efficacy (Cigarette Purchase Task [CPT] and Concurrent Choice testing), sub-
jective effects, craving/withdrawal, and smoking topography. Repeated measures analysis of vari-
ances were used to examine potential moderating effects of age.

Results: Young adults exhibited lower demand for reduced nicotine content cigarettes than older
adults across three of five CPT indices (ps < .05). No differences by age were observed on other
measures of reinforcing efficacy, subjective effects, craving/withdrawal, or smoking topography
where effects generally decreased as an orderly function of decreasing nicotine content (ps <.05).
Conclusion: Overall, these findings suggest that reducing the nicotine content of cigarettes would
decrease the addiction potential of cigarette smoking in young adult smokers as much or perhaps
more than older adult smokers from populations at increased vulnerability to smoking, addiction,
and smoking-related health consequences.

Implications: Reducing the nicotine content in cigarettes to lower addiction potential of smoking
has been proposed as a means to improve overall population health. It is imperative to examine
how young adults may respond to a nicotine reduction policy. We saw minimal evidence that
age moderates acute response and where there was evidence it was in the direction of reduced
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nicotine content cigarettes having less addictive potential among young versus older adults (eg,
steeper decreases in demand for very low nicotine content cigarettes among young versus older
adults). Overall, a nicotine reduction policy has the potential to reduce smoking across age groups.

Introduction

Cigarette smoking contributes to approximately half a million
deaths in the United States per year,' with nicotine well established
as the constituent in cigarette smoke that promotes repeated use and
eventual dependence.'* Reducing the nicotine content in cigarettes
to very low levels is hypothesized to have the potential to reduce
the reinforcing value of cigarettes to a level that may help current
smokers quit and reduce the likelihood that those experimenting
with cigarettes would go on to develop dependence.’ The US Food
and Drug Administration is considering a product standard to re-
duce the maximal nicotine content in cigarettes in order to lower
the addiction potential of cigarette smoking, as well as reduce initi-
ation, facilitate smoking cessation, and improve overall population
health.* Initial research investigating nicotine reduction in cigarettes
has proven promising. Studies examining reduced nicotine content
(RNC) cigarettes in relatively healthy smokers’” and smokers with
additional vulnerabilities to cigarette smoking and dependence®!*
have demonstrated that cigarettes with very low nicotine content
(VLNG; ie, < 2.4 mg of nicotine per gram of tobacco [mg/g]) may
lower the addiction potential of smoking without causing untoward
withdrawal, craving, or compensatory smoking.

As RNC cigarettes are investigated with the aim of informing
tobacco regulation, it is imperative to examine how different subsets
of the smoking population may be affected by a nicotine reduction
policy. One group of interest is young adults who have a higher
prevalence of smoking compared to younger and older age groups.'?
In addition, smoking initiation is increasingly occurring in young
adulthood, rather than adolescence.' ' This group is also in a rela-
tively early stage of their smoking history where many quit smoking
while others transition to a long-term pattern of chronic smoking

1618 Young adults not only have a

and related health consequences.
relatively different smoking profile compared to older, more estab-
lished smokers, but are explicitly targeted in tobacco marketing!**°
with manufacturers recognizing this age group as being in transition
between experimental and established smoking and using marketing
strategies to promote the latter.?!

To the best of our knowledge, there is only one prior study in the
literature examining age as a moderator of response to RNC cigar-
ettes among young adults.?? That study was a secondary analysis of
a randomized trial of 6 weeks of exposure to cigarettes varying in
nicotine content in smokers sampled from the general population.
After 2 weeks of exposure, young adults (aged 18-24 years) reported
fewer positive subjective effects from VLNC cigarettes and smoked
fewer cigarettes per day compared to older adults (> 25), although by
6 weeks the older adults had similarly decreased their positive ratings
and use of the VLNC cigarettes.”? These initial differences observed
between the two age groups suggest a potential greater sensitivity to
the effects of nicotine reduction among younger compared to older
adult smokers, perhaps due to shorter smoking histories and weaker
conditioned reinforcing effects that help to maintain smoking.

As we examine the potential impacts of a nicotine reduction
policy, it is important to investigate effects in those with increased
vulnerability to smoking, such as those with comorbid psychiatric
conditions or socioeconomic disadvantage, groups in which smoking
prevalence has remained relatively stable or even increased as overall

rates declined in the general population.?*?* These vulnerable popu-
lations often have higher rates of smoking, addiction severity, and
less success in quitting.”>** As we examine vulnerable populations,
it is also important to examine how age or other sociodemographic
risk factors for smoking may moderate response to nicotine reduc-
tion in these groups, which have come to represent a relatively large
proportion of the overall current smoking population. Evidence sug-
gests that risk factors for smoking (eg, age, psychiatric comorbidities,
socioeconomic disadvantage) have an independent and summative
effect on overall smoking risk.?

The primary aim of the current study was to provide a compre-
hensive examination of whether age (18-24 vs. > 25 years) moderates
response to RNC cigarettes within populations with comorbid psy-
chiatric conditions or socioeconomic disadvantage. Items of interest
are those especially relevant to the addiction potential of smoking
including relative reinforcing effects, positive subjective effects, and
reductions in withdrawal and craving, as well as measures related
to toxin exposure including compensatory smoking. In addition, this
study allows for comparisons with findings from the prior study?
mentioned earlier examining potential moderating effects of age on re-
sponse to RNC cigarettes in a population of relatively healthy smokers.

Methods

Study Sample

Participants in this multisite study were 169 adults aged 18-70 years
who were daily smokers (> 5 cigarettes/day) from three populations
with comorbid psychiatric conditions or socioeconomic disadvan-
tage (56 with affective disorder, 60 maintained on medication for
opioid dependence, 53 socioeconomically disadvantaged women of
reproductive age). All participants provided written informed con-
sent and study inclusion and exclusion criteria have been reported
previously.’ Briefly, all participants reported being daily smokers for
at least the past year with limited current use of other nicotine and
tobacco products (<10 days in the past month), and no current illicit
drug use other than marijuana. For this secondary analysis, partici-
pants across all three populations were combined and categorized
by age (18-24 or 25-70 years). These age brackets were selected to
examine study participants in early versus later adulthood?” and to
be able to compare results to the prior study on this topic.?

Research Cigarettes

The study used Spectrum research cigarettes manufactured by 22nd
Century Group (Clarence, NY) and obtained from the National
Institute on Drug Abuse. Four nicotine doses were investigated with
nicotine content averaged across menthol and non-menthol products
(assignment of a menthol or non-menthol product was based on a
participant’s usual brand): 15.8,5.2,2.4, and 0.4 mg/g). The 15.8 mg/g
dose served as a control for nicotine levels typical of commercial cigar-
ettes. All cigarettes were tested under double-blind conditions.

Procedure

These procedures have been described previously.” Briefly, in a
within-subjects design, participants completed fourteen 2-4 hour
experimental sessions following overnight smoking abstinence
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operationalized as a breath carbon monoxide (CO) reading less than
one-half of baseline levels. Sessions were organized into three phases.

Phase 1 (Sessions 2-5)

Following a baseline session (Session 1) in which participants were
oriented to the research protocol using their usual brand cigarette,
participants completed four sessions in which each of the four re-
search cigarettes was sampled once. Research cigarettes were ad-
ministered in randomized order across sessions. In each session,
participants smoked one of the four research cigarettes ad-lib using a
plastic cigarette holder connected to a device that recorded smoking
topography (Clinical Research Support System): puff volume, dur-
ation, velocity, interpuff interval, and number of puffs.?®

Immediately following smoking the research cigarettes, partici-
pants completed two questionnaires; the modified cigarette evalu-
ation questionnaire (mCEQ), a 12-item questionnaire with five
subscales (Smoking Satisfaction, Craving Reduction, Psychological
Reward, Enjoyment of Respiratory Tract Sensations, and Aversion)
evaluating aspects of the subjective effects of cigarette smoking,*
and the Cigarette Purchase Task (CPT), a measure of the relative
reinforcing effects of smoking that assesses cigarette demand under
constraint.’® The CPT simulates consumer demand under constraint
by having participants estimate the number of cigarettes they would
anticipate smoking in a 24-hour period across a wide range of
cigarette prices; those estimates are used to model (1) participant
cigarette smoking rate when unconstrained by cost (Intensity), (2)
maximal amount of money one is willing to spend on daily smoking
(Maximum Expenditure), (3) the price at which smoking rate be-
gins decreasing proportionate to increasing price (Maximum Price),
(4) the price at which one would quit smoking rather than incur
the cost (Breakpoint), and (5) overall sensitivity of demand to price
(Elasticity). Greater Intensity, Maximum Expenditure, Maximum
Price, and Breakpoint and lower Elasticity represent greater demand
for cigarettes.

Measures of smoking craving and withdrawal—Minnesota
Tobacco Withdrawal Scale (MTWS)*! and Questionnaire of Smoking
Urges-brief scale (QSU-brief)*>—were collected at each session:
once prior to smoking and every 15 minutes for 1 hour following
smoking. Expired breath CO was also collected prior to and every
15 minutes for 1 hour following smoking the research cigarettes.

Phase 2 (Sessions 6-11)

After the four research cigarettes had been sampled in Phase 1, a
direct test of the relative reinforcing efficacy of the research cigar-
ettes was conducted in Phase 2 (Sessions 6-11) by allowing partici-
pants to choose which cigarette they preferred to smoke in a series
of two-cigarette concurrent test sessions.>»** Each of the six possible
dose—pair combinations was tested once in separate sessions.

In these 3-hour sessions, participants sat alone in a comfortable,
well-ventilated room. When they wished to smoke they used a com-
puter mouse to click on one of two icons on a computer screen repre-
senting the two cigarettes available during that test session. After ten
clicks on an icon, participants could take two standardized, controlled
puffs from the selected cigarette. Participants were free to smoke as
much as they wanted or to abstain completely during test sessions.

Phase 3 (Sessions 12-14)

Phase 3 used the same arrangement as Phase 2, but compared only
the least and most preferred cigarettes in Phase 2, which were the
0.4 and 15.8 mg/g cigarettes, respectively. This phase was designed

to assess whether product preference could be reliably shifted,
increasing the response cost for the preferred product. The low dose
cigarette remained available for 10 computer mouse clicks on the
corresponding icon in Phase 3 sessions while access to the highest
dose was available under a progressive-ratio schedule where avail-
ability started at a cost of 10 computer mouse clicks and then in-
creased each time it was chosen to 160, 320, 640, 1280, 2400, 3600,
4800, 6000, 7200, 8400.%° This same arrangement was tested across
three sessions to assess the stability of effects.

Statistical Methods

All outcomes across Phase 1 were examined using repeated-
measures analysis of variance, with nicotine dose and time across
session (where applicable) as the within-participant factors and
age as a fixed effect with two levels (18-24 vs. 25-70 years old).
Outcome measures were mCEQ subscales, CPT indices, smoking
topography indices, MTWS, MTWS item no. 4 rating desire to
smoke, QSU-Brief subscales, and change in CO levels (ie, CO boost)
across sessions. To measure CO boost, pre-smoking CO values were
subtracted from post-smoking CO values. Analyses also included
fixed effects for (1) session, (2) the three primary study vulnerable
populations who were studied in independent parallel experiments
using common research protocols, (3) sequence of presentation
of cigarettes, and (4) study site. The Fagerstrom Test for Nicotine
Dependence scores and cigarettes-per-day (CPD) were included as
covariates in all analyses as they differed significantly between age
groups (p < .05). Time-by-dose interactions were included to test
whether measures collected before and after smoking differed by
dose; age-by-dose interactions were included to test for differential
effects of age by dose; when not significant, interaction effects were
dropped from models.

For CPT, four of the five indices (Intensity, Maximum Expenditure‘
Maximum Price and Breakpoint) were calculated from observed
values and log transformed to correct for skewness. To quantify
participant-level CPT demand Elasticity, a demand curve was fit to
individual consumption at each price for each dose.*® Elasticity values
greater than 1.00 were winsorized to 1.00 prior to statistical analysis
(22 of 8435 cases). We reviewed CPT results and found systematic pat-
terns in 92.7% of demand curves; no data were excluded from ana-
lyses. In cases where participants reported zero consumption across
all prices (54 of 845 cases), curve fitting was not possible; so elasticity
was not analyzed and other demand indices were quantified as zero.*

Differences in preference among all possible dose pairs in Phase 2
Concurrent Choice testing were similarly examined using repeated-
measures analysis of variance, with each pairwise combination as
the within-participant factor and age, population, site, and session
as fixed effects. Differences among participants in preference for
the highest- versus lowest-dose cigarettes in Phase 3 were examined
using analysis of variance, with session as the repeating factor; age
as the between-subjects factor; and site, session, and population as
the fixed effects.

Across all analyses, statistical significance was defined as p < .05
(two-tailed). Significant main or interaction effects were followed by
post hoc testing to determine mean differences by dose, age, or inter-
action effects using Bonferroni corrections, dividing the critical value
(p < .05) by the number of comparisons to derive a more conserva-
tive Type I error rate. All analyses were conducted using SAS 9.4
(SAS Institute, Cary, NC).

Analyses were also conducted with age treated as a continuous
variable. Doing so did not alter results in any meaningful manner
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from those where age was treated as a categorical variable (ie, 18-24
vs. 25-70). Thus only results from the categorical analyses are re-
ported below. Reporting results from the categorical analyses also
facilitates comparisons to the prior study? on this topic which also
treated age as a categorical variable using the same age brackets.

Results

Participant Characteristics

Demographic and smoking characteristics are displayed in Table 1.
Approximately 17% of participants were between 18-24 years. Age
groups differed by vulnerable population, dependence severity, and
CPD, with younger adults being less likely to be opioid maintained,
having lower nicotine dependence severity, and smoking fewer CPD

(ps < .05).

Phase 1Testing

Cigarette Purchase Task

In simulated testing of the relative reinforcing effects of the dif-
ferent cigarette doses using the CPT, demand increased as a func-
tion of dose across each of the five indices of demand (Intensity:
Fio = 5.65, p = .0008; Maximum Expenditure: Fy o = 1378, p
< .0001; Maximum Price, Fio = 13.19, p < .0001; Breakpoint:
F, ., = 15.60, p < .0001; Elasticity: F, ,;, = 7.47, p <.0001). There
was no main effect of age on any of the CPT indices, but there were
significant interactions of dose by age on Maximum Expenditure
(F, 405 = 2.78, p = .04), Maximum Price (F, o, = 3.87, p = .01), and
Breakpoint (F, .. = 3.01, p = .03) with dose—effect curves for these
indices generaily being steeper among the younger compared to
older smokers. Post hoc testing demonstrated a pattern wherein
Maximum Expenditure, Maximum Price, and Breakpoint for the 0.4
and 2.4 mg/g cigarettes were significantly lower than the 15.8 mg/g
cigarette in the younger age group but not the older age group. The
5.2 mg/g cigarette was not significantly different than the 0.4, 2.4,
or 15.8 mg/g cigarette in 18-24 or the > 25 age groups (Figure 1).

Table 1. Baseline Characteristics by Age Group Category

18-24 >25 p value?®
N 28 141
Gender no. (% female) 22 (78.6) 98 (69.5) .37
Population no. (%) <.0001
Affective disorders 13 (46.3) 43 (30.5)
Opioid maintained 1(3.6) 59 (41.8)
Disadvantaged women 14 (50) 39 (27.7)
Race no. (%)
Asian 0(0) 1(0.7) .34
Black 3(10.7) 20 (14.2)
Hawaiian/Pacific Islander 0(0) 1(0.7)
Latino/Hispanic 3(10.7) 3(2.1)
More than one race 3(10.7) 12 (8.5)
White 19 (67.9) 104 (73.8)
Menthol status no. 9(32.) 50 (35.5) .39
(% menthol)
Cigarettes per day 13.1 (6.7) 16.3 (7.5) .04
FTND, mean (SD) 4.3 (1.9) 5.1(2.8) .04
Age at first cigarette 16.4 (2.5) 16.2 (4.5) .90
Breath carbon monoxide 18.4 (6.7) 23.2 (12.6) .05

p values represent t-tests of differences across groups or chi-squared tests for
differences across categorical variables. Bold text indicates significant effects at
below 0.05. FTND = Fagerstrom Test for Nicotine Dependence.

Modified Cigarette Evaluation Scale

Ratings on each of the five mCEQ subscales varied as a graded
function of nicotine content, with subjective value increasing
as nicotine content for the cigarettes increased (Smoking

Satisfaction: F = 27.15, p < .0001; Craving Reduction:

3,498
F, 405 = 16.13,p <.0001; Psychological Reward: F, ,,, = 13.71,p <
.0001; Enjoyment of Respiratory Tract Sensations: F =19.25,

3,498
p <.0001; Aversion: F, ., = 5.04,p <.01) (Table 2). No significant

effects of age nor interactions of dose by age were noted on any
of the mCEQ subscales.

Craving and Withdrawal

There was a significant interaction of dose by time on MTWS
total scores, with all doses decreasing withdrawal scores immedi-
ately following smoking. This dose effect dissipated over the 1-hour
interval time period, but the duration of effects persisted longer at

Cigarette Purchase Task Indices
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Figure 1. Demand Indices from the Cigarette Purchase Task simulating
demand for cigarette smoking at escalating price. Error bars represent 95%
confidence intervals (Cls). Data points not sharing a letter differ significantly
by dose within age group (p < .05). Panel A represents mean values by age
group (18-24 vs. > 25 years old) at each dose for maximum expenditure
per cigarette. Panel B represents mean values by age group (18-24 vs.
> 25 years old) at each dose for price per cigarette at which smoking rate
begins decreasing proportionate to increasing price (Maximum Price). Panel
C represents mean values by age group (18-24 vs. > 25 years old) at each
dose for Breakpoint, or price per cigarette at which smoking rate decreases
to 0. Analyses included session order, project, CPD, and FTND as covariates.
FTND = Fagerstrom Test for Nicotine Dependence.
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Table 2. Modified Cigarette Evaluation Questionnaire Subscale Scores by Age and Cigarette Nicotine Dose
Enjoyment of respiratory Craving
Smoking satisfaction Psychological reward Aversion tract sensations reduction
Age, mean = SEM
18-24 3.58+0.24 2.83 £0.24 1.74 = 0.21 3.28+0.26 3.48 +0.38
>25 3.89+0.11 3.05+0.10 1.53 =£0.14 3.49+0.11 3.82+0.26
Nicotine dose, mean = SEM
0.4 mg/g 3.09 = 0.14° 2.61+0.14* 1.59 = 0.16* 2.85«0.17* 3.13 = 0.30°
2.4 mg/g 3.52+0.14° 2.78 = 0.14 1.59 = 0.16* 3.10+0.17¢ 3.44 = 0.30%
5.2 mg/g 3.78 = 0.14° 3.00 = 0.14° 1.59 = 0.16* 3.50+0.17° 3.73 £0.30°
15.8 mg/g 4.54 = 0.14¢ 3.38 = 0.14¢ 1.82 = 0.16° 4.08 £ 0.17¢ 4.30 = 0.30¢

Tabled values represent least square means (+ SEM). Post hoc mean comparisons were only conducted when significant main effects or interactions were observed.

Upper panel shows mean ratings for each modified Cigarette Evaluation Questionnaire subscale/item averaged across participants and nicotine dose for smokers

categorized by age. There were no significant effects of age nor interactions of age and dose. Lower panel shows mean ratings by nicotine dose averaged across all

participants. There were significant main effects of dose across all subscales. Data points not sharing a superscript letter differ significantly within each subscale

or dose in post-hoc testing with Bonferroni corrections. All analyses included session order, project, CPD, and FTND as covariates. FTND = Fagerstrom Test for

Nicotine Dependence.

the 15.8 mg/g dose (F,,,,, = 2.64, p = .002) (Supplementary Table
1). There was no significant effect of age nor interactions involving
age, dose, or time noted on withdrawal (ps >.05).

Like the measure of withdrawal, significant interactions of
nicotine dose by time were observed on craving as measured using
the “Desire to Smoke” item (ie, [tem no. 4) on the MTWS and the
two factors of the QSU (ie, Factor 1 and Factor 2) (Supplementary
Tables 1 and 2). All doses decreased craving ratings to some
degree with effects dissipating across time (Desire to Smoke:
F 004 =5.86,p <.0001; QSU Factor 1: F, , . = 8.92,p <.0001;
QSU Factor 2: F . = 5.22,p <.0001), but magnitude and dur-
ation of effects were greatest at the 15.8 mg/g content cigarette.
No effects of age nor interactions involving age were noted for
craving (ps > .05).

Smoking Topography and CO Boost

The only significant effects of dose on measures of smoking topog-
o= 4:57,p = .004) and
suse = 13.32, p < .001) at the higher
compared to lower doses. There were no significant effects of age

raphy were increases in total puff volume (F
number of puffs per cigarette (F

nor age by dose interactions on puff topography measures (ps > .05)
(Supplementary Table 3). The only significant effect on CO boost was
for time (F,,, = 104.46, p < .0001), with levels decreasing across
doses as time since smoking increased (ps > .05) (data not shown).

Phase 2Testing

No significant differences by age were observed in direct testing of
the relative reinforcing effects of the different dose pairs using the
concurrent choice arrangement (Figure 2, upper panel). When re-
sponse cost was equal across the dose pairs, there was a main effect
of dose on cigarette choice (F; ;) = 5.98, p <.0001), with the higher
nicotine content cigarette in each pair being chosen significantly
more often than the lower nicotine content. There was no significant
effect of age nor dose by age interactions on preference for higher
over lower doses within each dose pair (ps > .05).

Phase 3Testing

When the 0.4 and 15.8 mg/g cigarettes were retested in the concur-
rent choice arrangement with the higher dose cigarette now on a
progressive-ratio schedule, preference shifted to the low dose cigar-
ette (, 5, = 3.41, p <.001) (Figure 1, bottom panel). There was no
significant effect of age on this relationship (F, , = 2.85,p =.09).

1,160

Discussion

The aim of the current study was to provide a comprehensive examin-
ation of potential moderating effects of age on acute response to RNC
cigarettes in a population with comorbid psychiatric conditions or
socioeconomic disadvantage. More specifically, we were interested in
whether young adults with these comorbid conditions might respond
to nicotine reduction in ways that could preclude them from benefitting
from an RNC policy. Overall, we saw minimal evidence that age mod-
erates response to reduced nicotine cigarettes in these vulnerable popu-
lations. Moreover, where we did see evidence of moderation in these
vulnerable populations it was in a direction where young adults could
potentially benefit more from an RNC policy. That is, young adults
exhibited significant decreases in demand for the VLNC compared to
the higher dose cigarettes across three of the five CPT indices, whereas
the older adults did not. This may suggest that there is a greater differ-
ence in reinforcing efficacy between the high and low nicotine content
cigarettes among young compared to older adults. Overall, this pattern
suggests that a policy that established a low maximal nicotine standard
in cigarettes should benefit vulnerable adult smokers independent of
age, but may be even more impactful among younger adults.

In the prior investigation of age as a potential moderator of re-
sponse to extended exposure to RNC cigarettes,?? young adults also
exhibited evidence of greater sensitivity to nicotine content differ-
ences than older adults. As described earlier, young adults exhibited
significant decreases in smoking rates in the first two weeks of ex-
posure to the VLNC cigarettes while comparable reductions only
emerged among older adults after six weeks of exposure. Whether
these findings suggesting a greater sensitivity to dose reductions
among younger smokers are a result of a shorter smoking his-
tory and thus less sensitivity to conditioned reinforcing effects or
a greater sensitivity to the direct effects of nicotine among young
adults is unclear. Importantly, any greater sensitivity to nicotine con-
tent reductions among young adults was not associated with evi-
dence of compensatory smoking in the prior or present study. In the
present study, for example, we saw no evidence of changes in puff
topography or CO boost in the direction of young adults attempting
to obtain greater nicotine exposure from the RNC cigarettes. Taken
together, these findings suggest that young adults from both the more
vulnerable and general populations of smokers may behave similarly
in the face of a nicotine reduction policy.

Finally, we saw no evidence that age moderated effects of RNC cig-
arettes on craving or withdrawal. Effects on these measures were dose
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Concurrent Choice Testing
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Figure 2. Upper panel: mean proportion of choices allocated to all possible 2-dose comparisons across the four nicotine dose cigarettes (0.4, 2.4, 5.2, 15.8 mg/g
tobacco) across Phase 2 choice sessions within each age group (18-24 vs. > 25 years old). Lower panel: mean proportion of choices across Phase 3 sessions
within each age group (18-24 vs. > 25 years old). Data points represent mean proportion of choices allocated to the different nicotine dose cigarettes. Error
bars represent + SEM. No significant differences observed by age were noted. Analyses included session order, project, CPD, and FTND as covariates.

FTND = Fagerstrom Test for Nicotine Dependence.

dependent, but each of the cigarettes examined produced significant
amelioration of craving and withdrawal suggesting that an RNC policy
is not likely to cause problems of untoward craving or withdrawal in
young adults or older smokers despite the presence of comorbid condi-
tions, effects consistent with prior findings in these populations.!®-1222

Limitations of the present study include being a secondary
analysis of a study not designed to examine age effects.” As a re-
sult, only a relatively small proportion of the total sample of 169
participants (16.6% or 28 participants) were in the younger age
category. We cannot rule out the possibility that a larger sample
of young adults and associated greater statistical power may have
revealed a greater influence of age on the outcomes examined. As
noted earlier, however, treating age as a continuous rather than
a categorical variable did not alter the results in any meaningful
way. Moreover, our findings are consistent with those in the only
prior study on this topic.?> Another limitation is that study in-
clusion criteria required participants to be daily smokers and to
smoke five or more CPD. Considering that a sizeable proportion
of young adult smokers do not smoke daily*”* the findings from
the present and prior study on this topic may not generalize to
young adult lighter smokers. These limitations notwithstanding,
this investigation in a vulnerable group of smokers and the prior
findings in a relatively healthier population of smokers?* suggest
that a nicotine reduction policy is as likely or perhaps even more
likely to reduce the addiction potential of smoking in young as
older adult daily smokers.
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Supplementary data are available at Nicotine and Tobacco Research online.
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