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Abstract

Introduction: Minimal research exists on adolescent smokers’ perceptions of very low-nicotine-
content (VLNC) cigarettes. As approximately half of adolescent smokers prefer menthol cigarettes,
it is important to consider the influence of menthol preference on VLNC cigarette perceptions and
to what extent menthol preference may affect VLNC smoking behavior. This study examined the
effects of cigarette nicotine content and menthol preference or menthol smoking on health risk
perceptions, subjective ratings, and carbon monoxide (CO) boost in adolescent smokers.
Methods: Across two counterbalanced sessions, adolescent smokers sampled VLNC and normal
nicotine content (NNC) research cigarettes following overnight abstinence. Cigarettes were men-
tholated or non-mentholated consistent with participants’ usual brand. In each session, participants
smoked the research cigarette and then completed the Perceived Health Risk Scale and Cigarette
Evaluation Scale. Breath CO readings were obtained pre- and post-smoking. Mixed-factor ANOVA
tests compared outcomes with cigarette type (VLNC vs. NNC) as the within-subjects factor and
menthol preference as the between-subjects factor.

Results: Participants (N = 50) were M = 17.7 years old, smoked M = 8.2 cigarettes/day, and 56%
typically smoked menthol cigarettes. Participants reported lower risk of developing lung cancer,
other cancers, emphysema, bronchitis, and heart disease (ps < .05) when smoking VLNC cigarettes
relative to NNC cigarettes. Perceived risk of addiction and stroke did not differ by nicotine content.
Menthol preference or menthol smoking did not moderate risk perceptions, subjective ratings, or
CO boost.

Conclusions: Adolescents may incorrectly perceive that VLNC cigarettes are less harmful prod-
ucts. Health communication campaigns could help to correct VLNC misperceptions and potentially
minimize unintended consequences of a nicotine reduction policy.

Introduction by the age of 18, tobacco control policies aimed at minimizing ado-

Each day in the United States, more than 3000 adolescents smoke
cigarettes for the first time.! With nearly 90% of smokers starting
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lescent smoking are critical to reduce the public health burden of
tobacco.? One promising approach for reducing adolescent smoking
is for the US Food and Drug Administration (FDA) to implement
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a low-nicotine product standard for cigarettes.® Because nicotine
is the primary reinforcing constituent in cigarettes responsible for
establishing and maintaining smoking behavior,* reducing the nico-
tine content in cigarettes to a minimally addictive level could reduce
the number of adolescents who transition from cigarette experi-
menters to dependent adult smokers and help current adolescent
smokers quit.

The current literature indicates that a low-nicotine product
standard for cigarettes could have a major positive public health im-
pact in the United States. A policy simulation concluded that if the
FDA were to implement a nicotine reduction policy for cigarettes,
it would prevent the uptake of smoking in an estimated 16 million
people by 2060.° During clinical trials, when adult smokers use very
low-nicotine-content (VLNC) cigarettes, they experience reductions

612 reductions in

in urinary nicotine levels and toxicant exposure,
the number of cigarettes smoked per day,®*!"!3 and increases in ces-
sation outcomes.®”'315 Although encouraging, these trials enrolled
adult smokers, so little is known about the potential impact of a
nicotine reduction policy on adolescent smokers.

In general, many smokers misunderstand the health risks of nico-
tine in cigarettes and in other nicotine-containing products. For ex-
ample, previous studies of nicotine replacement therapies report that
some smokers incorrectly believe that using nicotine replacement
therapies is as harmful as smoking cigarettes, whereas other studies
report that smokers incorrectly think that the nicotine in cigarettes
is primarily responsible for the development of tobacco-related dis-

1619 Therefore, a potential unintended consequence of a nico-

eases.
tine reduction policy is that adolescent smokers may misperceive
VLNC cigarettes as being less harmful than conventional cigarettes
because of the reduced nicotine levels. Such a misunderstanding has
recently been reported by adult smokers when they were asked to
rate the harmfulness of cigarettes they were told had most of the
nicotine removed because of government regulation.?’ VLNC cigar-
ettes are only harm reduction products to the extent that they have
lower risk of addiction and may reduce tobacco consumption; other-
wise, they are still combusted tobacco products containing similar
levels of some carcinogens as conventional cigarettes.?’ However,
smokers may perceive them as safer products either because infor-
mation about lower nicotine levels may lead to misperceptions or
because cigarette risk perceptions are partially explained by the sen-
sory experiences of nicotine (eg, throat hit, taste). For example, in a
previous study, smokers who sampled research cigarettes varying in
nicotine content under double-blind conditions rated cigarettes with
low nicotine as less harmful for several tobacco-related diseases com-
pared to cigarettes with moderate nicotine levels.?? Two additional
studies of adult smokers who sampled VLNC cigarettes under both
blinded and un-blinded conditions reported lower health risk ratings
by participants after smoking VLNC cigarettes.?>** Inaccurate risk
perceptions of VLNC cigarettes by adolescents are particularly con-
cerning because adolescent smokers already underestimate the po-
tential harms of smoking.>*?¢ If current adolescent smokers believe
that VLNC cigarettes are less harmful, then they might respond to a
low-nicotine standard with reductions in quit attempts, as has been
previously reported by adult smokers,?® or possibly even increase
their cigarette use.

An important consideration regarding VLNC cigarette use
among adolescent smokers is the strong preference for menthol cig-
arettes in this population. Adolescent and young adult smokers re-
port using menthol cigarettes at significantly higher rates than older
adult smokers.”?’ Adolescent smoking initiation with menthol

cigarettes is also associated with increased odds of progression to
becoming an established smoker and with nicotine dependence.?*-3*
In addition, menthol flavoring contributes to the appeal of cigarettes
such that one study found nearly 30% of adolescents rated menthol
cigarettes as having more appealing sensory effects (ie, “refreshing
taste”) and approximately 20% perceived menthol cigarettes as less
harmful, less addictive, or containing less nicotine compared to non-
menthol cigarettes.’ As such, adolescents who use menthol cigar-
ettes may be more susceptible to misperceptions regarding the harms
of smoking VLNC cigarettes.

Another concern regarding the potential interaction between cig-
arette nicotine content and menthol preference or menthol smoking
is compensatory smoking, which occurs when smokers attempt to
titrate their nicotine exposure by increasing the number of cigarettes
smoked per day or by changing their smoking intensity (eg, deeper
inhalation; more puffs per cigarette). Because nicotine contributes
to the sensory experience of smoking (ie, “throat hit”), reducing the
nicotine level in cigarettes could make it easier for smokers, espe-
cially adolescents, to inhale smoke deeper into their lungs. In add-
ition, because menthol flavoring masks the harshness of tobacco,*%”
menthol cigarettes could exacerbate any effects of nicotine reduc-
tion on compensation. If compensatory smoking of VLNC cigarettes
were prolonged, it would be a major negative consequence of a nico-
tine reduction policy. The literature indicates that adult smokers do
not engage in compensatory smoking behavior when using VLNC
cigarettes for extended periods.”'? Regarding compensation among
adolescent smokers, the evidence is mixed, albeit limited. One la-
boratory study found short-term compensation of VLNC cigarettes
as measured by smoking topography indices.** However, another
study did not find evidence of compensation as measured by acute
carbon monoxide exposure after smoking VLNC cigarettes.”
Importantly, neither adolescent study of VLNC cigarettes explored
the impact of menthol preference or menthol smoking on compen-
sation. Therefore, it is important to determine if adolescents using
menthol VLNC cigarettes engage in compensatory smoking behavior
to a greater extent than those using non-menthol VLNC cigarettes.

The aims of the current study were (1) to measure the separate
and combined effects of cigarette nicotine content and menthol pref-
erence or menthol smoking on adolescent smokers’ health risk per-
ceptions and (2) to assess the combined effects of cigarette nicotine
content and menthol preference or menthol smoking on subjective
cigarette ratings and carbon monoxide boost. The data analyzed in
this study were obtained from a multi-day, laboratory assessment
measuring the acute effects of smoking research cigarettes varying in
nicotine content among adolescent smokers.>* On the basis of pre-
vious studies of VLNC cigarette health risk perceptions among adult
smokers,”>?* we hypothesized that adolescents would rate VLNC
research cigarettes as less harmful compared to the NNC research
cigarettes for all tobacco-related diseases included in the Perceived
Health Risk Scale. Because menthol cigarettes are perceived as less

harmful and more appealing by some adolescents,*

we hypothe-
sized that cigarette flavor (ie, menthol vs. non-menthol) would mod-
erate the relationship between nicotine content and risk perceptions
such that participants smoking menthol VLNC cigarettes would
rate their cigarettes as even less harmful than participants smoking
non-menthol VLNC cigarettes. Because menthol flavoring masks the
harshness or bitterness of tobacco,’*” we hypothesized that men-
thol smokers will have greater CO boosts (ie, increased smoke in-
halation) after smoking VLNC cigarettes compared to non-menthol
smokers.
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In prior studies, participants rated VLNC cigarettes less favor-
ably on the Cigarette Evaluation Scale (ie, lower ratings on measures
of liking and satisfaction) compared to NNC cigarettes.**! One
previous laboratory study of Spectrum research cigarettes, similar
to those used in the current study, found that adult smokers rated
menthol VLNC cigarettes less favorably than non-menthol VLNC
cigarettes.”? Although the direction of this difference may seem sur-
prising, commercial brands of menthol cigarettes range in menthol
content.*” It is possible that the menthol content of the Spectrum
research cigarettes may have differed from that of the participants’
usual brands. Therefore, we hypothesized that participants smoking
menthol VLNC cigarettes will report less favorable subjective ratings
compared to participants smoking non-menthol VLNC cigarettes.

Methods

Study Design

Between February 2015 and June 2016, adolescent smokers aged
15-19 were recruited from Providence, Rhode Island, and the
surrounding area via advertisements including flyers, brochures,
Facebook/Instagram, Craigslist, and public transit. Research staff
also hosted informational booths at local community events and high
school cafeterias to provide study information to interested adoles-
cents. Initial study eligibility was assessed via a telephone screening
questionnaire. To be eligible, participants had to smoke at least one
cigarette per day for the past 6 months, smoke cigarettes 28 of the
last 30 days, not be interested in quitting smoking or seeking cessa-
tion treatment, and have an expired breath CO more than 6 ppm
or a urinary cotinine level more than 100 ng/mL. Participants could
not be pregnant, breastfeeding, or currently experiencing suicidal
ideation or have had a lifetime suicide attempt. Individuals meeting
eligibility criteria completed a baseline assessment visit and four ex-
perimental sessions. Participants under 18 years of age received in-
formed consent documents in the mail for parent/guardian review
and signature and provided written informed assent at the baseline
visit. Participants age 18 and 19 provided written informed consent
during the baseline visit.

At the baseline visit, participants provided demographic and
smoking history information, as described in the primary manu-
script.® Before each subsequent experimental session, participants
were asked to stop smoking by 10:00 PM the previous night. In
order for the experimental sessions to begin, participants’ CO read-
ings had to be reduced by 50% relative to their baseline reading,
or less than or equal to 6 ppm, consistent with a previous VLNC
clinical trial.” If CO readings were above the abstinence cutoff, then
participants were rescheduled for later in the day or on a different
day to meet the abstinence criteria. Experimental sessions were con-
ducted on separate days with an allowable session window of at
least 2 but no more than 7 days between visits.

Those meeting the abstinence criteria smoked one research cig-
arette per session (described later) using a CReSS handheld smoking
topography device (Borgwaldt, KC). CO readings were collected
again immediately after smoking. Participants then completed the
Perceived Health Risk Scale (PHRS)* and Cigarette Evaluation
Scale (CES).** The PHRS asked participants to rate their perceived
likelihood of developing the following tobacco-related diseases:
lung cancer, other cancers, emphysema, bronchitis, heart disease,
stroke, and risk of addiction, using 1-10 point Likert scales (“very
low risk” to “very high risk”). The CES measured subjective cigar-
ette effects on 1-7 Likert scales (“not at all” to “extremely”). Five

validated subscales are obtained from the CES: Satisfaction (mean of
ratings on the satisfaction, taste and enjoyment items), Psychological
Reward (mean of ratings on the calm, feel more awake, less irritable,
help to concentrate and reduce hunger items), Craving Reduction
(single item), Enjoyment of Respiratory Tract Sensations (single
item) and Aversion (mean of ratings on the dizziness and nausea
items).* We calculated CO boost by subtracting the pre-smoking
CO level from the post-smoking CO level. The Brown University
Institutional Review Board approved all study procedures.

Study Cigarettes

Spectrum research cigarettes used during the study’s four experi-
mental sessions were supplied by the National Institute on Drug
Abuse (NOT-DA-14-004) and had the following nicotine contents:
0.4, 1.3, 5.2, and 15.8 mg nicotine/g tobacco. For the current ana-
lysis, we only included the 0.4 and 15.8 mg nicotine/g tobacco re-
search cigarettes. We selected the 0.4 mg nicotine/g tobacco cigarette
because it falls within the range of nicotine contents (0.3-0.5 mg
nicotine/g tobacco) of greatest interest to the FDA as it considers
a low-nicotine product standard for cigarettes,* and the 15.8 mg
nicotine/g tobacco cigarette because it is similar in nicotine content
to commercial cigarette brands.?'*¢ Participants received menthol-
ated or non-mentholated research cigarettes consistent with their
usual brand cigarette flavor preference. The order of the research
cigarettes administered during the sessions was counterbalanced
across participants. Participants and research staff were blind to the
nicotine content of the research cigarette used during each session.

Statistical Analyses

Mixed-factor ANOVA tests were used to compare the effects of the
within-subjects factor cigarette type (15.8 mg/g [NNC] or 0.4 mg/g
[VLNC] cigarette) and the between-subjects factor menthol pref-
erence (menthol or non-menthol) on an overall disease risk score
(average across all diseases except risk of addiction),”* PHRS in-
dividual disease risk scores, CES subscale scores, and CO boosts.
Gender was explored as an additional between-subjects factor. The
significance threshold was set at the p value of less than .05 level.
Effects sizes (partial eta squared, n ) are provided when a p value of
less than .05 is found in conjunction with an n ? less than or equal to
0.05 indicating small, 0.06-0.13 medium, and more than or equal to
0.14 large effect sizes.” Analyses were conducted using SPSS statis-
tical software, version 25 (IBM).

Results

Fifty-five participants were eligible after completing the baseline ses-
sion. Four participants withdrew before completing the first experi-
mental session, and one participant was dismissed from the study
because of protocol non-adherence. In total, 50 participants com-
pleted the study. Participants completing the study were, on average,
17.7 years old (SD = 1.1), smoked 8.3 cigarettes per day (SD = 4.6) and
50% were female.* Menthol smokers (1 = 28) were younger, smoked
more cigarettes per day, and had higher dependence scores compared
to non-menthol smokers (7 = 22). Table 1 reports baseline demo-
graphics and smoking characteristics by menthol smoking status.

We found a significant main effect of nicotine content for the
overall perceived risk score [F(1,46) = 7.5, p < .01; rlpzz 0.14] with
lower risk perceptions for the VLNC cigarette compared to the NNC
cigarette. When analyzing individual disease risk scores, we found
significant main effects of cigarette nicotine content for perceived
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Table 1. Baseline Demographic and Smoking Characteristics by Menthol Smoking Status
Menthol smokers Non-menthol

Characteristics (N =28) smokers (N = 22) p Value
Age, mean (SD), years 17.4 (1.3) 18.1 (0.6) .02
Female, no. (%) 15 (53.6) 10 (45.5) 57
Race, no. (%) 28

Non-White 11 (39.3) 12 (54.5)

White 17 (60.7) 10 (45.5)
Cigarettes per day, mean (SD) 9.4 (4.2) 6.9 (4.7) .06
Modified Fagerstrom Tolerance Questionnaire (mFTQ), mean (SD) 4.9 (1.4) 3.3(1.4) <.01
Weekly income in US dollars (total from parents, work, and other sources), mean (SD) 119.46 (125.37) 118.86 (91.90) .99

Baseline demographics for all participants by menthol preference or menthol smoking. p-values are from chi-square tests for categorical variables and independent ¢-tests

assuming equal variances for continuous variables.

Table 2. Perceived Health Risk Scale Mean Scores

Normal nicotine content

Very low nicotine content

Mean (SE) Mean (SE)
Nicotine content Menthol Interaction
Disease risk Menthol Non-menthol Menthol Non-menthol p value p value p value
Lung cancer 5.7 (0.5) 6.3 (0.6) 5.0(0.5) 5.7 (0.6) .02 41 .96
Other cancers 5.9(0.5) 5.9(0.6) 5.2(0.5) 5.0 (0.6) <01 86 70
Emphysema 5.4 (0.5) 6.2 (0.6) 4.7 (0.5) 5.6 (0.6) .01 22 91
Bronchitis 5.7 (0.5) 6.6 (0.6) 5.3(0.5) 5.8 (0.6) .02 .35 .33
Heart disease 5.5(0.6) 5.7 (0.6) 5.2(0.5) 5.0 (0.5) .05 .99 .39
Stroke 5.1(0.6) 5.4 (0.6) 4.8 (0.5) 4.3 (0.6) .08 .86 .70
Addiction 5.9 (0.6) 6.6 (0.6) 6.1(0.6) 6.4 (0.7) .93 .53 .60
Mean scores for PHRS by cigarette type and menthol preference or menthol smoking.
Table 3. Cigarette Evaluation Scale—Subscales Mean Scores
Normal nicotine content Very low nicotine content
Mean (SE) Mean (SE)
Nicotine content Menthol Interaction
Subscale Menthol Non-menthol Menthol Non-menthol p value p value p value
Satisfaction 3.2(0.3) 3.3(0.4) 2.3(0.3) 2.7(0.3) <.01 .56 48
Psychological reward 2.6 (0.3) 2.1(0.3) 2.3(0.2) 2.0 (0.3) 34 20 64
Enjoyment in respiratory tract 3.0 (0.3) 3.2 (0.4) 2.5(0.3) 2.7 (0.4) .07 .61 .86
Craving reduction 2.4(0.3) 3.5(0.4) 1.8 (0.3) 2.1(0.3) <.01 .04 23
Aversion 1.1(0.2) 1.0 (0.3) 1.0 (0.2) 0.4 (0.3) 12 27 30

Mean scores for CES Subscales by cigarette type and menthol preference or menthol smoking. There are no significant interactions by cigarette type and menthol

preference or menthol smoking.

risk of developing lung cancer [F(1, 46) = 6.2, p = .02; I]p2 =0.12],
other cancers [F(1, 46) = 11.8, p < .01; I]pZ = 0.20], emphysema
[F(1,46) = 6.7, p = .01; I]pZ = 0.13], and bronchitis [F(1,46) = 5.5,
p =.02; 1 ? = 0.11] with lower risk perceptions for the VLNC cig-
arette than the NNC cigarette (Table 2). A trend was observed for
reporting lower perceived risk of developing heart disease [F(1,
46) = 4.0, p = .05, 1,7 = 0.08] after smoking the VLNC cigarettes.
Perceived risk of addiction and stroke did not differ by cigarette
nicotine content. Menthol smokers did not differ significantly from
non-menthol smokers on perceived risk for disease or addiction, and
smoking a menthol versus a non-menthol cigarette did not moderate
the effects of cigarette nicotine content on risk perceptions. In add-
ition, there were no differences in perceived risk ratings by gender.
VLNC cigarettes significantly reduced CES scores as previously
reported.’” Menthol Spectrum cigarettes were rated more highly
than non-menthol Spectrums on the Psychological Reward subscale
but had lower ratings on the Satisfaction, Craving Reduction, and

Enjoyment in the Respiratory Tract subscales. A significant main
effect of menthol emerged for Craving Reduction such that men-
thol smokers reported less craving reduction relative to non-menthol
smokers [F(1,46) =4.7,p = .04; rlp2 =0.09], but there was not a sig-
nificant menthol x nicotine content interaction (Table 3). However,
a three-way interaction was observed for Craving Reduction [F(1,
46) = 4.2, p < .05; 1,7 = 0.08] such that female menthol smokers
reported less craving reduction from the NNC cigarettes compared
to female non-menthol smokers and male menthol and non-menthol
smokers (Figure 1). No other significant main effects of menthol and
no significant interactions between nicotine content and menthol on
CES scores emerged.

There were no significant effects of cigarette nicotine content
on CO boost as previously reported.** Menthol preference or men-
thol smoking did not significantly affect CO boost, and there was
no interaction between nicotine content and menthol preference or
menthol smoking on CO boost. CO boosts for the NNC cigarettes
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Figure 1. Mean scores for the Cigarette Evaluation Scale (CES) Craving Reduction subscale by cigarette nicotine content and cigarette flavor. (A) Female
participants’ mean scores and (B) male participants’ mean scores. Black bars represent menthol smokers and gray bars represent non-menthol smokers. Solid
bars represent normal nicotine content (NNC) cigarettes whereas lined bars represent very low-nicotine-content (VLNC) cigarettes. *Significant three-way
interaction. Female menthol smokers reported significantly lower craving reduction scores when smoking the NNC cigarette relative to female non-menthol

NNC smokers and male smokers (p < .05).

were 3.8 ppm (SE = 0.6) for menthol and 4.3 ppm (SE = 0.6) for non-
menthol cigarettes, and CO boosts for the VLNC cigarettes were 3.6
(SE = 0.5) for menthol and 4.2 (SE = 0.6) for non-menthol cigarettes.

Discussion

To our knowledge, this is the first study to report the effects of cig-
arette nicotine content and menthol preference or menthol smoking
on cigarette risk perceptions among adolescent smokers who have
sampled VLNC cigarettes. Overall, risk perception scores were sig-
nificantly lower when participants smoked the VLNC cigarettes
compared to the NNC cigarettes. Specifically, adolescent smokers
rated their risk for developing lung cancer and other cancers as sig-
nificantly lower when smoking VLNC cigarettes compared to NNC
cigarettes. In addition, participants reported reductions in perceived
risk of developing respiratory diseases and tended to rate their risk
of developing cardiovascular diseases as lower when smoking VLNC
cigarettes. Surprisingly, however, there were no differences across
cigarette condition in perceived risk of addiction.

In general, these results bolster the findings from the primary manu-
script associated with this study in which adolescent smokers were able
to discern differences in subjective experiences when smoking VLNC
cigarettes relative to smoking NNC cigarettes, despite being blind to
the nicotine content in the research cigarettes. Adolescent smokers re-
ported dose-dependent reductions in cigarette craving and satisfaction
ratings with lower scores being associated with lower nicotine doses.*
This study indicates that the sensory properties of the cigarettes also
influenced perceived risk ratings. These findings are particularly con-
cerning because when a nicotine reduction policy is in place, smokers
will not only experience different respiratory sensations but they will
also likely be aware that their cigarettes have less nicotine; and such
information has been shown to reduce risk perceptions in adults on its
own.?’ Recent surveys indicate that nearly half or more of smokers, es-
pecially young adults, incorrectly believe that nicotine is the constituent
in cigarettes primarily responsible for the development of lung cancer
and other tobacco-related diseases.!”?** Thus, if the FDA mandates a
low-nicotine product standard for cigarettes, it will be crucial to correct
this misperception so that adolescent smokers do not mistakenly be-
lieve that smoking VLNC cigarettes will reduce their risk for developing
tobacco-related cancers. This misperception, coupled with the reduced
sensory experience from VLNC cigarettes, could lead to potential unin-
tended consequences such as reductions in cessation attempts by current
adolescent smokers or increases in cigarette experimentation among

novice users. More research is needed to determine if VLNC cigarette
risk misperceptions as well as general misunderstandings regarding the
role of nicotine in developing tobacco-related diseases affect adolescent
smoking behavior in the real world.

Alternatively, if a nicotine reduction policy is enacted, adoles-
cent smokers could also switch to other nicotine or tobacco products
that would be higher in nicotine content relative to VLNC cigarettes.
These alternative products could be reduced harm products, such
as e-cigarettes or vaping devices, or they could have similar levels
of harm, such as little cigars or cigarillos. Therefore, future studies
interested in VLNC cigarette risk perceptions should also consider
assessing perceived health risks of alternative tobacco and nicotine
products to achieve a more complete understanding of adolescent risk
perceptions. We currently have such a study ongoing to assess the po-
tential effects of a nicotine reduction policy on alternative product
use in adolescent polytobacco users (NCT#03860077). Public health
officials developing health communication messages for a nicotine re-
duction policy could potentially use this information to ensure that
adolescent smokers understand the relative risks of switching to alter-
native products versus quitting smoking completely.

Because nearly 30% of cigarettes sold in the United States are
menthol flavored,?” it is important to examine how a nicotine reduc-
tion policy may affect menthol cigarette smokers, especially adoles-
cents who favor menthol cigarettes to a greater extent than adults.
Under acute laboratory conditions, adolescents smoking menthol
VLNC cigarettes did not have higher smoke exposure compared to
those smoking non-menthol VLNC cigarettes, which is encouraging.
However, more research is needed to determine whether compensa-
tion occurs when adolescents use VLNC cigarettes in the real world
for extended periods and what impact, if any, menthol preference or
menthol smoking has on VLNC cigarette smoking behavior. Such
a trial is underway and will likely provide crucial information on
VLNC cigarette use among adolescent menthol smokers.*’

Menthol preference or menthol smoking did not affect VLNC
cigarette risk perceptions or subjective cigarette ratings, which is
consistent with the adult literature.?**° However, we found a signifi-
cant three-way interaction (menthol x nicotine content x gender) for
Craving Reduction, suggesting that adolescent female smokers using
menthol cigarettes were less sensitive to the effects of cigarette nico-
tine content on craving reduction compared to female smokers using
non-menthol cigarettes and male smokers. This finding aligns with
previous studies of adult smokers sampling Spectrum research cigar-
ettes or Quest brand cigarettes reporting that female smokers were
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less sensitive to the effects of the nicotine content in cigarettes.’'**
Researchers should continue to explore the interaction between cig-
arette nicotine content and menthol preference or menthol smoking
among adolescent female smokers to fully understand how a nico-
tine reduction policy may affect this population.

There are several limitations to this study. First, menthol prefer-
ence or menthol smoking was not randomly assigned. Participants
selected whether they smoked menthol or non-menthol research cig-
arettes during the study, which resulted in significant baseline differ-
ences between those smoking menthol and non-menthol cigarettes.
Future research could test the effects of menthol versus non-menthol
cigarettes, independent of menthol preference, to isolate the effects of
menthol flavoring and eliminate the potential confounding that exists
within this study. Second, the sample size was modest, and the study
was underpowered to test for potential interactions between cigarette
nicotine content and menthol preference or menthol smoking on study
outcomes as well as to detect differences by gender. Future studies with
larger sample sizes should be conducted to further examine adolescent
VLNC cigarette risk perceptions and the impact of menthol prefer-
ence or menthol smoking and gender on perceptions of harm. Third, the
study only enrolled adolescent daily smokers. Therefore, the results may
not generalize to adolescent non-daily smokers or early experimenters,
which are a larger proportion of adolescent smokers.** Fourth, adoles-
cents in general may be less familiar with the diseases on the PHRS (eg,
emphysema) or of their relationship to cigarettes (eg, smoking is associ-
ated with increased risk of stroke) compared to adults. In addition, the
PHRS does not assess the short-term cosmetic health consequences of
cigarette smoking, such as facial skin wrinkles or yellow teeth, which
may resonate more with adolescent smokers rather than the long-term
serious health consequences of smoking.** Future studies could address
these limitations by measuring adolescent health literacy, providing
brief descriptions of the tobacco-related diseases included in the PHRS,
and including adolescent-focused questions assessing the short-term
consequences of cigarette smoking. Finally, participants were blind to
the nicotine content of the research cigarettes, which does not neces-
sarily represent a real-world policy scenario. If the FDA implements a
nicotine reduction policy for cigarettes, smokers would likely be aware
of the reduced nicotine content in their cigarettes. However, the study
results can still inform public health officials when creating nuanced
messages about how differences in the sensory experiences of smoking
VLNC cigarettes relative to conventional cigarettes should not lead
smokers to believe they are safer cigarettes. To date, no studies have
been conducted in adolescent or adult smokers assessing the impact of
corrective statements regarding the health risks of VLNC cigarettes on
smoking behavior or motivation to quit. Therefore, additional studies
providing participants with explicit knowledge of the nicotine content
in the research cigarettes may be informative for understanding adoles-
cent VLNC cigarette risk perceptions, with the caveat that such infor-
mation may increase the possibility that adolescents will perceive lower
disease risk with VLNC cigarettes.

Implications for Tobacco Regulation

Consistent with adult smokers, likely based on their sensory ex-
perience while smoking VLNC cigarettes, adolescent smokers have
inaccurate perceptions that VLNC cigarettes are lower in risk for
developing tobacco-related diseases when they are introduced to
VLNC cigarettes under double-blind conditions. As the FDA moves
forward with implementing a low-nicotine product standard for cig-
arettes, health communication experts must educate the public about
the purpose of a nicotine reduction policy (eg, to reduce adolescent

smoking acquisition; to increase successful quit attempts) to maxi-
mize the potential benefits as well as make corrective statements
clarifying that VLNC cigarettes have similar health risks as conven-
tional cigarettes to minimize potential unintended consequences for
adolescent and adult smokers.
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