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Abstract

Introduction: A nicotine-reduction policy could have major benefits for smokers with ser-
ious mental illness (SMI). However, potential unintended consequences, such as compensatory
smoking, should be considered to ensure that such a policy does not negatively affect this popu-
lation. The purpose of this secondary analysis was to examine the impact of smoking very low
nicotine content (VLNC) cigarettes for 6 weeks on smoking topography characteristics, indicators
of compensatory smoking, among smokers with SMI.

Aims and Methods: After a baseline usual brand smoking phase, smokers with SMI (N = 58) were
randomly assigned under double-blind conditions to receive either VLNC (0.4 mg nicotine per g to-
bacco) or normal nicotine content (NNC; 15.8 mg nicotine per g tobacco) research cigarettes for 6
weeks. During two study visits scheduled 6 weeks apart, participants smoked either their usual brand
(baseline) or assigned study cigarettes (postrandomization) through a handheld smoking topog-
raphy device. Univariate analysis of variance compared smoking topography indices with cigarette
condition (VLNC vs. NNC) as the between-subjects factor with corresponding baseline topography
results included as covariates.

Results: At week 6, participants in the VLNC condition smoked fewer puffs per cigarette and had
shorter interpuff intervals compared to participants in the NNC condition (ps < .05). There were no
differences between research cigarette conditions at week 6 for cigarette volume, puff volume, puff
duration, peak flow rate, or carbon monoxide boost.

Conclusions: Findings are consistent with acute VLNC cigarette topography studies and indicate
that a nicotine-reduction policy is unlikely to lead to compensation among smokers with SMI.
Implications: Given the high smoking rates among people with SMI, understanding how a nicotine-
reduction policy may affect this population is critically important. When considering the smoking
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topography results as a whole, smokers with SMI did not engage in compensatory smoking behavior
when using VLNC cigarettes during a 6-week trial. Study findings suggest that compensatory smoking is
not likely to occur among smokers with SMI if nicotine content is lowered to minimally addictive levels.

Introduction

Cigarette smoking remains the leading cause of premature death in
the United States, contributing to approximately 480 000 deaths an-
nually.! One novel approach to reduce the public health burden of
smoking is for the Food and Drug Administration to set the max-
imum allowable nicotine content in cigarettes to a minimally ad-
dictive level.? By mandating that all cigarettes sold in the US have
very low nicotine levels, fewer adolescents may start smoking and
current smokers may be more successful at quitting. Smokers pro-
vided with very low nicotine content (VLNC; 0.4 mg nicotine per g
tobacco) cigarettes during clinical trials have experienced significant
reductions in smoking behavior, toxicant exposure, and cigarette
dependence,** indicating that a nicotine-reduction policy may be a
feasible public health approach.

One potential concern regarding a nicotine-reduction policy
is that smokers may engage in compensatory smoking in order to
maintain their desired nicotine level. The tobacco in VLNC cigar-
ettes used in these trials contains drastically reduced nicotine levels
thereby making it difficult for people to increase their nicotine ex-
posure via cigarette smoking.®’ Despite this, smokers may still attempt
to compensate for the lower nicotine levels either by increasing the
number of cigarettes smoked each day or by changing the manner in
which they smoke each cigarette (ie, smoking topography) in order
to maximize nicotine delivery. A previous smoking topography study
found evidence of compensation after acute laboratory exposure to
VLNC cigarettes,® but these effects were not sustained with repeated
exposure to VLNC cigarettes.” Additionally, when smokers used
VLNC cigarettes during clinical trials, they did not compensate by
increasing the total number of cigarettes smoked per day.>* Although
these findings are encouraging, they may not be representative of all
smoking populations.

Compensatory smoking is especially concerning for smokers
with serious mental illness (SMI; ie, those with schizophrenia or bi-
polar disorder) because this population already experiences a greater
burden of disease from tobacco use. Life expectancies for people
with SMI are approximately 15 years shorter compared to people
without psychiatric conditions and cigarette smoking is a major con-
tributing factor in this disparity.®'® Smoking rates for people with
schizophrenia and bipolar disorder are three to five times higher than
the general smoking population, and the overall cessation rates for
people with SMI are quite low despite similar interest in quitting.”!!
In laboratory studies, smokers with schizophrenia had more in-
tense smoking topography characteristics, leading to greater smoke
exposure, when smoking their usual brand cigarettes compared to
smokers without psychiatric conditions.'»'* A recent laboratory
study in smokers with SMI reported that participants had longer
puff durations and shorter interpuff intervals when smoking VLNC
cigarettes compared to their usual brand, but they took fewer puffs,
resulting in a decrease in total cigarette volume.'* Likewise, a labora-
tory study in smokers with affective and other disorders found that
participants smoked fewer puffs and had lower mean peak flow rates
when using VLNC cigarettes compared to normal nicotine content
(NNC) research cigarettes.'” Furthermore, in both studies, breath
carbon monoxide (CO) levels were not affected by cigarette condi-
tion, indicating that VLNC use did not increase smoke exposure.'*!3

There are a limited number of smoking topography studies
among smokers using VLNC cigarettes for extended periods. In
one study, when participants smoked VLNC cigarettes in the real
world for 7 days, laboratory assessments of total puff count and
total cigarette volume significantly decreased relative to their usual
brand smoking topography.'® During a 6-week clinical trial of cig-
arettes varying in nicotine content, when smoking topography was
assessed during laboratory visits, total cigarette volume was reduced
among smokers assigned to VLNC cigarettes, which is encouraging.’
However, these studies excluded people with significant psychiatric
illnesses including schizophrenia®' or those prescribed psychotropic
medications,'® so little is known about whether extended use of
VLNC cigarettes leads to compensatory smoking behavior among
smokers with SMI. This secondary analysis examined the effects of
6-week use of VLNC cigarettes on smoking topography characteris-
tics in smokers with SMI.'7

Materials and Methods

Participants

Daily smokers with SMI were recruited from the community via ad-
vertisements to participate in a 6-week clinical trial assessing the
impact of cigarette nicotine content on smoking behavior, toxicant
exposure, subjective cigarette effects, and psychiatric symptoms.
Study enrollment required a clinical diagnosis of either schizophrenia,
schizoaffective disorder, and/or bipolar disorder as determined by
the Structured Clinical Interview for DSM-IV. Eligibility criteria
included: 18-70 years old, smoking at least 10 cigarettes or little
cigars or cigarillos (LCC) per day for the past year, preferring cigar-
ettes when available, expired breath CO levels greater than 8 ppm
or NicAlert urinary cotinine tests equal to 6. Exclusion criteria in-
cluded: seeking treatment for smoking cessation or planning to quit
in the next month, medically or psychiatrically unstable, medication
changes in the past 3 months, pregnancy or breastfeeding, positive
urine toxicology tests (excluding cannabis) or breath alcohol level
greater than 0.02%, having a legal guardian and/or power of at-
torney, and prior participation in VLNC cigarette studies.

Study Design and Procedures

After a 1-week baseline usual brand cigarette smoking phase, par-
ticipants (N = 58) were randomized under double-blind conditions
to receive either NNC research cigarettes with 15.8 mg nico-
tine per g tobacco or VLNC research cigarettes with 0.4 mg nico-
tine per g tobacco for 6 weeks. At each weekly visit, participants
received free 2-week supplies of their assigned research cigarettes.
(Two weeks’ worth of supplies were provided to accommodate
for potential changes in smoking behavior and/or potential missed
visits.) Research assistants instructed participants to smoke only
their assigned research cigarettes for the duration of the trial and
emphasized the importance of research cigarette adherence during
the weekly visits. The Brown University Institutional Review Board
approved all study procedures, and an external Data and Safety
Monitoring Board reviewed the trial on a semi-annual basis. All
participants provided written informed consent prior to enrollment.
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Additional information on the study protocol as well as the primary
trial outcomes were reported previously.!”

Smoking Topography

During the baseline visit, participants smoked one of their usual
brand cigarettes through a CReSS handheld topography device
(Borgwaldt, KC, Richmond, VA). At the weeks 2 and 6 visits, par-
ticipants smoked one of their assigned research cigarettes using the
topography device. The topography variables assessed in this study
include: (1) total cigarette volume (mL of smoke inhaled), (2) total
puff count (number of cigarette puffs), (3) mean puff volume (cigar-
ette volume divided by puff count), (4) mean interpuff interval (time
between puffs), (5) mean puff duration (length of time inhaling the
smoke), and (6) mean peak flow rate (smoke inhalation velocity).
Additionally, expired breath CO readings were obtained from par-
ticipants immediately before and 15 min after smoking the cig-
arettes. We calculated the CO boost variable by subtracting the
pretopography CO reading from the posttopography CO reading.

Statistical Methods

We analyzed baseline demographic and smoking characteristics
using ¢ tests for continuous outcome variables and Fisher’s exact
tests for categorical outcome variables. For this secondary ana-
lysis, we compared smoking topography variables at week 6 using
univariate analysis of variance tests with cigarette condition (NNC
vs. VLNC) as the between-subject factor. Models adjusted for base-
line smoking by including the corresponding usual brand topog-
raphy indices as covariates. Week 2 topography indices were not
included in the present analyses. Effect sizes (partial eta squared,
173) are provided when ps < .05, with ng < 0.05 indicating small,
775 = 0.06-0.13 indicating medium, and 775 > 0.14 indicating large
effect sizes.!® Analyses were conducted using SPSS statistical soft-
ware version 25 (IBM).

Results

Baseline demographic and smoking characteristic by cigarette con-
dition are reported in Table 1. No significant differences were ob-
served between the two cigarette conditions (NNC vs. VLNC) for
any demographic or smoking history variable. The effects of cigar-
ette condition on topography measures are shown in Figure 1. We
found significant differences between research cigarette conditions
for puff count [F(1,43)= 5.23, p = .027, 77% = 0.11] and interpuff
interval [F(1,42) = 6.42, p = .015, 771% = 0.13], such that participants
in the VLNC condition smoked fewer puffs per cigarette and had
shorter interpuff intervals relative to the NNC condition at the
week 6 visit. One participant in the VLNC condition was excluded
from the interpuff interval analysis because his baseline response
was more than three standard deviations above the baseline mean.
The results remain significant with or without the outlier included
in the analysis. No significant differences between research cigarette
conditions were observed for cigarette volume, puff duration, puff
volume, peak flow rate, or CO boost.

Discussion

In this study, the nicotine content of the research cigarettes affected
two smoking topography characteristics. Participants assigned to
the VLNC condition smoked fewer puffs per cigarette and had sig-
nificantly shorter interpuff intervals at week 6 compared to these

Table 1. Baseline Demographic and Smoking Characteristics by
Cigarette Nicotine Condition?®

VLNC NNC
(n = 30) (n=28) P
Age (years) 43.4 (9.6) 43.1(11.0) 924
Gender (female), no. (%) 12 (40.0) 12 (42.9) 1.00
Race, no. (%)
White 15 (50.0)¢ 19 (67.9) 4120
Black 6 (20.0) 5(17.9)
Multiracial 6 (20.0) 4(14.3)
Hispanic ethnicity, no. (%) 3(10.0) 0(0) 237
Diagnosis, no. (%)
Schizophrenia and/ 22 (73.3) 23 (82.1) 534
or schizoaffective
Bipolar 8 (26.7) 5(17.9)
Menthol use, no. (%) 23 (76.7) 18 (64.3) .390
Cigarettes per day 20.1 (8.8) 18.2 (7.7) 374
Carbon monoxide level (ppm) 20.4 (13.0) 21.1 (11.9) .835
FTCD 6.8 (1.5) 6.5 (1.5) 438

Baseline demographics for all participants randomized to the very low nico-
tine content condition (VLNC) or normal nicotine control condition (NNC).
FTCD = Fagerstrom Test of Cigarette Dependence.

aUnless otherwise indicated, values represent mean (standard deviation).

bp value is based on the comparison between whites and nonwhites.

“Three participants did not report race.

variables at baseline. Shorter interpuff intervals could be consider
an indicator of potential compensation (ie, more rapid smoking be-
havior). However, the VLNC group had higher (slower) interpuff
intervals at baseline (ie, when smoking their usual brand cigar-
ettes) and the conditions had similar interpuff intervals at week 6,
indicating no increased risk in absolute level of harm for the VLNC
condition relative to the NNC condition. Importantly, a reduction in
the number of puffs smoked per cigarette is in the direction of less
smoke exposure after smoking VLNC cigarettes. Furthermore, total
cigarette volume and CO boost were similar across cigarette condi-
tions at week 6, indicating that smoking VLNC cigarettes did not
increase overall smoke exposure compared to the NNC condition.
However, one important consideration is that total cigarette volume
decreased in both conditions at week 6, suggesting that switching to
research cigarettes, regardless of nicotine content, affects smoking
topography behavior.

Opverall, this study indicates that when smokers with SMI use
VLNC cigarettes for 6 weeks, they did not engage in compensatory
smoking behavior as measured by smoking topography character-
istics. These outcomes bolster the trial’s primary findings of signifi-
cant reductions in cigarette smoking and CO exposure in the VLNC
condition, which indicates reduced smoke exposure for smokers
with SML'” Additionally, the study results are consistent with
previous VLNC smoking topography laboratory studies among
smokers with mental health conditions, which reported that VLNC
cigarette use reduced puffs compared to usual brand or NNC re-
search cigarettes.'* The current study extends this literature
by analyzing smoking topography characteristics after smoking
VLNC cigarettes in the natural environment for several weeks. This
study design is more informative for a nicotine-reduction policy be-
cause participants were instructed to only use their assigned study
cigarettes for the duration of the trial in an attempt to simulate a
regulated tobacco environment in which only VLNC cigarettes are
available. Under such conditions, smokers using VLNC cigarettes
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Figure 1. Smoking topography characteristics by cigarette nicotine condition. Mean (+SEM) total cigarette volume, total puff count, mean puff volume, mean
interpuff interval, mean puff duration, and mean peak flow rate observed during baseline and week 6 by cigarette nicotine condition (VLNC or NNC). * indicates
a significant difference between the cigarette conditions at week 6 (p <.05). NNC = normal nicotine content; UB = usual brand; VLNC = very low nicotine content.

Baseline results are included for reference.

could attempt to alter their smoking behavior in an effort to in-
crease their per cigarette nicotine exposure. However, the results
indicate that smokers with SMI did not modify their smoking be-
havior over time to compensate for the lower nicotine levels.
There are a few limitations to consider in this study. First, with
a modest sample size, the trial may have been underpowered to test
the effects of cigarette nicotine condition on smoking topography
variables. However, the average total cigarette volume observed
in the VLNC condition was approximately 80 mL lower than the
NNC condition at the week 6 visit, which is in the direction of less

exposure. Second, adherence to smoking only VLNC cigarettes
during the 6-week trial was low,!” which could lead to an underesti-
mation of compensation. However, an in-patient study of partici-
pants who only had access to VLNC cigarettes also found reductions
in cigarettes per day and number of puffs smoked per cigarette, sug-
gesting that even when compliance is assured, smoke exposure does
not increase with VLNC cigarettes.”

Despite these limitations, this study contributes meaningful in-
formation to the VLNC cigarette literature. Given the high rates of
smoking in people with SMI, a nicotine-reduction policy could have
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major benefits. Results from this study are encouraging in that they
suggest that a nicotine-reduction policy may not lead to compensa-
tory smoking behavior among smokers with SMI.
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