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Menthol in cigarettes has been examined for its potential to affect smoking dependence, measured
primarily as number of cigarettes smoked per day and time to first cigarette after waking; the ability
to quit smoking constitutes an additional measure of dependence. Successful quitting among menthol
compared to non-menthol cigarette smokers is difficult to determine from the literature, due in part to

K?J’WOTdS-' the various definitions of quitting used by researchers. Nevertheless, intervention and follow-up studies
;}garteh“f of smoking cessation treatments generally indicate no differences in quitting success among menthol
entho

compared to non-menthol smokers, while cross-sectional studies suggest some differences within
race/ethnicity groups. The association between menthol cigarette use and likelihood of being a former
versus current smoker was examined based on data from the National Health Interview Survey and
Tobacco Use Supplement to the Current Population Survey. Analyses stratified by race/ethnicity and lim-
ited to smokers who had quit at least one year prior to survey participation provided inconsistent results
with regard to menthol cigarette use and quitting, both within surveys (i.e., comparing race/ethnicity
groups) and between surveys (i.e., same race/ethnicity group across surveys). Evidence suggesting the
existence or direction of an association between menthol in cigarettes and quitting depended on the data
source.
© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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1. Introduction cohort studies may not be generalizable to the U.S. population

overall, but are potentially valuable due to their longitudinal

Menthol in cigarettes has been previously examined for its
potential to affect smoking dependence, measured primarily as
number of cigarettes smoked per day and time to first cigarette
after waking (Curtin et al., 2014); the ability or inability to quit
smoking constitutes an additional measure of dependence.
Evidence on whether menthol in cigarettes adversely affects a
smoker’s ability to quit smoking is provided by intervention stud-
ies, cohort studies and cross-sectional analyses. Intervention and

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; HSI, Heaviness
of Smoking Index; NHIS, National Health Interview Survey; CPD, number of
cigarettes smoked per day; TTFC, time to first cigarette after waking; TUS-CPS,
Tobacco Use Supplement to the Current Population Survey.
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nature. Conversely, cross-sectional analyses are limited by lack of
a time dimension, but can have the advantage of being generaliz-
able to a larger population, depending upon the sampling strategy
used.

This paper reviews the available evidence from intervention
studies, cohort studies and cross-sectional analyses on menthol
versus non-menthol cigarette use and quitting smoking, and pre-
sents original findings from cross-sectional analyses that exam-
ine the association between menthol cigarette use and
likelihood of being a former versus current smoker. The new
analyses are based on data from the National Health Interview
Survey (NHIS) and Tobacco Use Supplement to the Current Pop-
ulation Survey (TUS-CPS), which are the only U.S. government
surveys that provide relatively detailed information on past
smoking habits among former smokers, including the use of
menthol or non-menthol cigarettes and time since quitting.
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http://crossmark.crossref.org/dialog/?doi=10.1016/j.yrtph.2014.07.009&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://dx.doi.org/10.1016/j.yrtph.2014.07.009
http://creativecommons.org/licenses/by-nc-nd/3.0/
mailto:ssulsky@environcorp.com
mailto:wfuller@environcorp.com
mailto:wfuller@environcorp.com
mailto:cvanlandingham@environcorp.com
mailto:ogdenm@rjrt.com
mailto:swaugej@rjrt.com
mailto:curting@rjrt.com
mailto:curting@rjrt.com
http://dx.doi.org/10.1016/j.yrtph.2014.07.009
http://www.sciencedirect.com/science/journal/02732300
http://www.elsevier.com/locate/yrtph

232 S.I. Sulsky et al./Regulatory Toxicology and Pharmacology 70 (2014) 231-241

2. Methods
2.1. Literature review

The U.S. National Library of Medicine’s PubMed database was
actively searched using the terms “menthol” and “cigarette” to
identify pertinent literature (1990 to present). Articles found on
screening to be relevant to menthol cigarette use and quitting
smoking were reviewed and evaluated for methodological quality,
particularly with respect to adequate control for confounding and
likelihood of bias, and generalizability to the U.S. population. For
this paper, studies are categorized according to their design and
purpose (e.g., evaluation of smoking cessation treatments, general
population surveys), and their particular strengths and weaknesses
are described.

2.2. Statistical materials and methods

Analyses of two nationally representative surveys examine
whether menthol cigarette use is associated with an increased or
decreased likelihood of being a former versus current smoker. NHIS
and TUS-CPS provide data on current and past smoking habits,
including usual cigarette type (menthol or non-menthol), among
adult current and former smokers, respectively. The current analy-
ses focused on recent administrations of each survey, i.e., 2005 and
2010 (combined) for NHIS and 2010/11 for TUS-CPS. Data from
2006/07 TUS-CPS were evaluated, but differences from the 2010/
11 administration in the wording of key questions and require-
ments for duration of smoking cessation' would have introduced
extra variability into the results without adding information; thus,
these data were not included.

One-way frequency distributions and cross-tabulations based
on menthol versus non-menthol cigarette use were performed to
determine whether there were adequate numbers of current and
former smokers within socio-demographic strata to complete the
regression analyses, as well as to create response categories. Con-
sistent with findings from previous studies (Gundersen et al.,
2009; Hyland et al., 2002; Lawrence et al., 2010; Muscat et al.,
2002; Stahre et al., 2010), these analyses indicated that menthol
versus non-menthol cigarette use is strongly associated with
race/ethnicity, and that race/ethnicity is associated with the likeli-
hood of being a former versus current smoker. Thus, separate logis-
tic regression models were developed for each of the identified
race/ethnic groups to estimate the association between menthol
cigarette use and being a former versus current smoker indepen-
dent of race/ethnicity. Analyses compared current smokers with
former smokers who had quit smoking at least one year prior to
survey participation in order to focus on those former smokers
most likely to remain abstinent (e.g., Gilpin et al., 1997).

For each race/ethnicity category, potential confounders inde-
pendently associated with menthol versus non-menthol cigarette
use and being a former versus current smoker were identified
using two-variable models, consisting of the menthol indicator
and each potential covariate. All covariates with a p-value of
<0.20 were included in the first candidate multi-variable model;
terms with p-values >0.05 in the candidate multi-variable model
were then sequentially excluded, with the covariates having the
highest p-values being excluded first. This process was repeated
until only covariates with a p-value of <0.05 remained in the
multi-variable model. Each of the removed covariates was then

! In the 2006/07 administration of TUS-CPS, detailed information on prior smoking
habits was collected from former smokers who had quit smoking up to five years
prior to the survey; for the 2010/11 administration, information on prior smoking
habits was collected for those who had quit smoking up to three years prior to the
survey.

returned to the model, individually, and the percent change in
the regression coefficient for menthol was calculated. Those covar-
iates resulting in at least a 15% change in the menthol coefficient
were reinstated (Hosmer and Lemeshow, 1989).

Prior to modeling, highly correlated variables were identified
(R = 0.50), and one member of each correlated pair was chosen
for inclusion in the model building process. As a last step, the final
multi-variable model was run with the alternate member of the
correlated pair of covariates included (i.e., instead of the original
variable), and differences in the results were described (Hosmer
and Lemeshow, 1989). Definitions of the parameters used in the
current analyses are provided in Table 1.

All analyses employed survey methods to account for the sam-
ple design, as specified in the analytic guidelines for each data set,
including the use of replicate weights for the TUS-CPS. The use of
these survey methods and weights allowed for proper variance
estimation, and the estimation of nationally representative sum-
mary statistics.

3. Results of literature review
3.1. Intervention studies

Examination of short-term versus long-term abstinence, contin-
uous versus point-prevalence of abstinence (i.e., measured at dif-
fering intervals after the conclusion of treatment), and
biochemically verified versus self-reported abstinence were con-
sidered during this evidence review, as quitting may have been
defined differently across studies. For intervention studies, it was
also important to assess whether differences in treatment-seeking
behaviors may be correlated with factors that are likewise associ-
ated with cigarette type preference, and whether the efficacy or
effectiveness of a given intervention translates directly to the like-
lihood of quitting smoking among a population of smokers not
seeking treatment. Nevertheless, differences in intervention suc-
cess among menthol versus non-menthol cigarette smokers may
provide some insights regarding the association between cigarette
type and quitting success.

Two intervention studies that provide data on menthol versus
non-menthol cigarette use and quitting were based on the same
population of treatment-seeking African—-American smokers
(n=600) participating in a cessation trial at an inner-city health
center (Harris et al., 2004; Okuyemi et al., 2003). Okuyemi et al.
(2003) reported that 7-day point-prevalence of abstinence at
6 weeks was statistically significantly lower among menthol ver-
sus non-menthol cigarette smokers, but not statistically signifi-
cantly different at 6 months. This suggests that menthol cigarette
smokers may be somewhat slower to quit (i.e., within the first
weeks of attempting to quit) than non-menthol smokers, but that
longer-term quitting success is not different between these groups.
A subsequent study (Harris et al., 2004), using logistic regression to
assess 21 factors as potential predictors of short-term abstinence
(ie., 7-day point-prevalence of abstinence following 7 weeks of
treatment), did not identify menthol cigarette use as a statistically
significant independent predictor of abstinence. Neither study
evaluated long-term quitting success (i.e., longer than 6 months)
among menthol versus non-menthol cigarette smokers; and, the
evidence provided on whether menthol cigarette use adversely
affects short-term quitting success was inconsistent. Thus, it is
not possible to conclude from these studies that menthol cigarette
use affects either short- or long-term quitting success.

A second set of studies reported findings from somewhat larger
populations of treatment-seeking smokers attending the same
regional cessation clinics (Foulds et al., 2006; Gandhi et al,
2009). Based on analyses that controlled for variables statistically
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