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Introduction: Menthol cigarette smokers may find it harder to
quit smoking than smokers of nonmenthol cigarettes.

Methods: We conducted a systematic review of published
studies examining the association between menthol cigarette
smoking and cessation. Electronic databases and reference lists
were searched to identify studies published through May 2010,
and results were tabulated.

Results: Ten studies were located that reported cessation
outcomes for menthol and nonmenthol smokers. Half of the
studies found evidence that menthol smoking is associated with
lower odds of cessation, while the other half found no such
effects. The pattern of results in these studies suggest that the
association between smoking menthol cigarettes and difficulty
quitting is stronger in (a) racial/ethnic minority populations,
(b) younger smokers, and (c) studies carried out after1999. This
pattern is consistent with an effect that relies on menthol to
facilitate increased nicotine intake from fewer cigarettes where
economic pressure restricts the number of cigarettes smokers
can afford to purchase.

Conclusions: There is growing evidence that certain subgroups
of smokers find it harder to quit menthol versus nonmenthol
cigarettes. There is a need for additional research, and particu-
larly for studies including adequately powered and diverse
samples of menthol and nonmenthol smokers, with reliable
measurement of cigarette brands, socioeconomic status, and
biomarkers of nicotine intake.

Introduction

In 2009, the Family Smoking Prevention and Tobacco Control
Act was enacted, giving the U.S. Food and Drug Administration
(FDA) the authority to regulate tobacco products. One of its
early interventions was to ban the addition of candy and fruit
flavors to cigarettes. Menthol, the most common characterizing

doi: 10.1093/ntr/ntq166

flavor additive in cigarettes, was not banned. Instead, the FDA
Tobacco Products Scientific Committee has indicated that it
will review the evidence on the public health impact of menthol
as an additive to cigarettes before making a policy recommenda-
tion on this issue.

Menthol is a compound extracted from mint oils or pro-
duced synthetically (Ahijevych & Garrett, 2004; Kluger, 1996)
that activates cold-sensitive neurons in the mammalian nervous
system (Reid, Babes, & Pluteanu, 2002). Due to its cooling and
counterirritant properties, it is used in a variety of products as
an anesthetic (e.g., applied topically to relieve aches and
pains), cooling agent (e.g., medication to treat sunburns), or
to sooth minor throat irritation (e.g., cough medicine). Menthol
is added to some cigarette brands to produce a characteristic
menthol taste (“Menthol” cigarettes), and these menthol
brands are marketed as such to consumers. “NonMenthol” or
“Regular” cigarettes, even if they contain menthol in low
quantities, are not characterized by or branded with emphasis
on their menthol content (Wayne & Connolly, 2004). From
1990 through 2005, menthol cigarettes accounted for 25%-—
27% of the domestic U.S. cigarette market (Federal Trade
Commission, 2007), and in recent years, menthols have
become the preferred type of cigarette among almost half of
12- to 17-year-old cigarette smokers (48% in 2008, Office of
Applied Studies, 2009).

For most smokers, successfully quitting smoking is a major
challenge, largely because smokers become addicted to the psy-
choactive effects of nicotine delivered by cigarettes. It has been
suggested that the cooling properties of menthol may facilitate
greater smoke (and therefore nicotine) inhalation and poten-
tially create even greater difficulty for smokers attempting to
quit.

One particular challenge in reviewing this issue stems from
evidence that use of menthol cigarettes is not evenly spread
across the population of smokers in the United States. For
example, 83% of African American cigarette smokers smoke
menthol cigarettes, compared to 24% of non-Hispanic white
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Figure 1. Percentage of smokers attempting to quit who achieve absti-
nence, by cigarette type and race/ethnicity in the Gandhi et al. (2009)
and Gundersen et al. (2009) studies. “*” Indicates a significant differ-
ence in abstinence rate between menthol and nonmenthol smokers
within race/ethnicity grouping after adjusting for other variables.

smokers (Office of Applied Studies, 2009). Menthol cigarettes
are also used more frequently by female, younger, and low-
income smokers (Office of Applied Studies, 2009). Analysis
of the effects of menthol on smoking cessation, therefore,
should take into account likely differences between menthol
and nonmenthol smokers and might investigate how men-
thol effects differ in different subgroups. This paper aims to
summarize and review the cumulative evidence from studies
that have assessed whether smokers of mentholated ciga-
rettes find it harder to quit smoking than smokers of regular
(nonmenthol) cigarettes.

We identified relevant studies by conducting a Pubmed search
using the keywords, “menthol” AND “smoking” AND “cessa-
tion”, by reviewing an online bibliography prepared by the U.S.
National Cancer Institute in 2009, that included 343 peer-
reviewed research articles related to menthol cigarette smoking
(U.S. Department of Health and Human Services, 2009), by
reviewing Web sites of relevant scientific organizations and by
reviewing the reference sections of relevant papers. We identi-
fied all studies that directly compared smoking cessation rates
or proportions between smokers of menthol cigarettes and
smokers of regular cigarettes. Each identified study was reviewed
by at least two authors, and where available, key descriptive
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and outcome data from each study were extracted and coded
in tabular form. The aim of this narrative review was to reach
conclusions based on analysis of the pattern of methods and
results across differing studies. Quantitative pooling of results
was not feasible given the heterogeneity of study designs and
methods.

We identified 10 studies that compared smoking cessation rates
or proportions between mentholated and regular cigarette
smokers. The key descriptive and outcome data from each iden-
tified study is shown in Table 1.

Overall, the results of these studies were mixed, with 5/10
studies finding evidence of lower quit rates among menthol
smokers and 5/10 finding no evidence of differential quit rates.
None of the studies found a significant overall effect of menthol
on smoking cessation at the last study follow-up point, after
controlling for other relevant measured variables.

None of the studies found a significant negative effect of
menthol cigarettes on smoking cessation in non-Hispanic white
smokers and one (Gundersen, Delnevo, & Wackowski, 2009)
found evidence of a higher quit rate among white menthol
smokers. In all four of the studies that found a direct negative
association between menthol cigarettes and quitting (Gandhi,
Foulds, Steinberg, Lu, & Williams, 2009; Gundersen et al., 2009;
Okuyemi et al., 2003 ; Okuyemi, Faseru, Cox Sanderson,
Bronars, & Ahluwalia, 2007), the significant effects were con-
fined to non-White (primarily African American) subsam-
ples of the population. In the other study (Pletcher et al., 2006),
the main significant effect was on relapse rates after achieving
abstinence (higher relapse rate among menthol smokers), rather
than on abstinence per se. The two studies by Okuyemi and col-
leagues focused exclusively on African American smokers, and
in both, the menthol effect was stronger in younger (under age
50) smokers. The studies by Gandhi, Foulds, Steinberg, Lu, &
Williams (2009) and Gundersen et al. (2009), however, both
analyzed effects on Non-Latino-Whites, African Americans and
Latinos. Although these studies were based in entirely different
contexts (Gandhi et al. [2009] was based in a treatment-seeking
clinic population in New Jersey; Gundersen et al. [2009] studied
a representative national sample of smokers who had ever tried
to quit), they found a remarkably similar pattern of results, as
shown in Figure 1 below. Gandhi et al. (2009) found signifi-
cantly lower adjusted quit rates among Latino and African
American menthol smokers relative to nonmenthol smokers at
the 4-week follow-up, and this effect remained significant for
African American smokers at 6 months, whereas there was no
overall quitting disadvantage for white menthol smokers (rela-
tive to white nonmenthol smokers). Gundersen et al. (2009)
found a significantly lower adjusted quit rate for menthol smok-
ers among racial/ethnic minorities (African Americans and
Latinos collapsed into a single group), but a significant quitting
advantage for white menthol smokers relative to white non
menthol smokers.

All four of the studies finding an association between
menthol and lower quit rates were carried out since 1999
(Gandhi et al., 2009; Gundersen et al., 2009; Okuyemi et al.,
2003, 2007), whereas the three large studies finding no menthol
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effects collected data in the 1980s (Hyland, Garten, & Giovino,
2002; Murray, Connett, Skeans, & Tashkin, 2007; Muscat, Richie, &
Stellman, 2002).

The pattern of results from studies examining the association
between mentholated cigarette smoking and smoking cessation
is mixed. However, there does appear to be broadly consistent
evidence that menthol smoking is more prevalent in racial/ethnic
minority populations and that menthol smokers tend to
smoke fewer cigarettes per day than regular cigarette smokers
(e.g., Giovino et al., 2004 and most studies in Table 1). There are
also trends suggesting that the association between smoking
menthol cigarettes and greater difficulty quitting is stronger
in (a) racial/ethnic minority populations, (b) younger smokers,
and (c) after the year 1999, as opposed to the 1980s.

One possibility, consistent with this pattern of results, is
that the effect of menthol on quitting smoking is only apparent
in circumstances where the smoker has been forced to reduce
their cigarette consumption, with the most obvious influence
being socioeconomic factors. The price of cigarettes has in-
creased in many parts of the United States since the 1990s.
Young smokers, and racial/ethnic minority smokers tend to be
less affluent and are thus more affected by the increased prices,
forcing them to consume fewer cigarettes per day (as is found in
most studies in these groups). One possible mechanism explain-
ing the menthol effect is that these smokers may increase their
total nicotine intake per cigarette to obtain their preferred dose
of nicotine from fewer cigarettes. The menthol effect on cessa-
tion may stem from the cooling effects of menthol facilitating
such “compensatory” smoking and allowing these smokers to
obtain a larger and perhaps more reinforcing nicotine “hit” per
cigarette. There is some evidence that smokers of menthol ciga-
rettes tend to obtain higher levels of carbon monoxide (CO),
nicotine, and cotinine per cigarette smoked (Clark, Gautam, &
Gerson, 1996; Ahijevych & Parsley, 1999; Benowitz, Herrera, &
Jacob, 2004; Perez-Stable, Herrera, Jacob, & Benowitz, 1998;
Williams et al., 2007). Gandhi et al. (2009) reported that the as-
sociation between menthol smoking and lower quit rates was
stronger among unemployed than full-time employed smokers,
regardless of race/ethnicity, which is consistent with the model
proposed above.

Adolescent smokers are a group that could be particularly
sensitive to the menthol effect mechanism being proposed here as
their cigarette consumption is often restricted by parental/school/
legal rules as well as by financial constraints. There are no studies
comparing quit rates between adolescent menthol and nonmen-
thol smokers. However national surveys of adolescent smokers
that included indirect measures of dependence have consistently
found that menthol smokers, compared to nonmenthol smokers,
are significantly more likely to smoke within an hour of waking
and that menthol smokers are more likely than nonmenthol
smokers to experience cravings after not smoking for a few hours
(Hersey et al., 2006; Wackowski & Delnevo, 2007).

Ahijevych, Weed, and Clarke (2004) conducted an experi-
mental test of the theory that menthol enables smokers to inhale
more nicotine per cigarette when forced to reduce daily cigarette
consumption. This study examined smoking behavior in 25

women (13 African American) while they resided at a research
center for 6 days and were given access to either: (a) their usual
number of cigarettes, (b) cigarettes restricted to 50% of normal,
or (c) 167% of their normal consumption. In this study, all 13 of
the African American women smoked menthols, as did a third of
the white women. There were significantly higher percentage in-
creases in exhaled CO levels among menthol smokers compared
to nonmenthol smokers in the increased and restricted condi-
tions. Also, African American menthol smokers had significant-
ly higher percentage increases in exhaled CO compared with
white menthol smokers in the restricted condition. This study
also identified “efficient smokers” by their high baseline coti-
nine/cigarette ratio and found that their nicotine intake per ciga-
rette increased even more in the “restricted” condition.
Specifically, the pre-post cigarette “boost” in blood nicotine
went up from 32 to 47 ng/ml. The typical blood nicotine boost
from smoking a cigarette is about 10-15 ng/ml (Foulds et al.,
1992; Patterson et al., 2003). All but one of these “efficient”
smokers were menthol smokers. The data from this study are
consistent with the theory that menthol smokers increase their
smoke (CO and nicotine) intake per cigarette more than non
menthol smokers when access to cigarettes is restricted. It may
be that the large rapid increases in blood nicotine concentration
resulting from this more “efficient” style of smoking (blood
nicotine boost of 47 ng/ml per cigarette in the the study by
Ahijevych et al., 2004) produces more reinforcement per ciga-
rette and consequently greater difficulty quitting.

This hypothetical model explaining how menthol may in-
fluence smoking cessation needs to be evaluated in further stud-
ies. If true, one might expect the putative menthol effect on
cessation to become stronger over time as cigarette prices and
smoking restrictions have increased dramatically since the be-
ginning of the 21st century and when the United States is in a
period of economic recession.

Other factors may also be involved. For example, there is
evidence that menthol may itself inhibit nicotine metabolism,
causing greater nicotine exposure per unit inhaled (Benowitz et
al., 2004 ). In addition, the studies to date have mainly assumed
that the only factor that differs between the brands being
smoked is the mentholation. In reality, each cigarette sub-brand
can vary on a number of additional dimensions, including filter
ventilation, standardized machine-measured nicotine yield, and
cigarette length. It has been noted that a very high proportion of
African American smokers smoke specific brands (e.g., New-
port) with little filter ventilation, and relatively high machine-
measured nicotine yield, whereas whites tend to smoke ventilated
low or medium machine-measured nicotine yield cigarettes such
as Marlboro/Marlboro Lights (Melikian, Djordjevic, Chen, &
Richie 2007; Okuyemi, Ebersole-Robinson, Nazir, & Ahluwalia,
2004). Rose and Behm (2010) recently presented the reanalyses
of two clinical trials examining the association between absti-
nence, menthol preference, and various other variables. They
found that among menthol smokers, preference for higher nic-
otine-yield cigarettes was strongly related to lower socioeco-
nomic status and that this mediated the link between menthol
smoking and low quit rates (6-month point abstinence among
menthol smokers of high yield cigarettes = 11% as compared
with 26% for high yield nonmenthol smokers, p = .005 when
adjusting for other covariates). They also found significantly
higher baseline cotinine per cigarette in menthol versus non
menthol smokers.

S107



Menthol cigarettes and smoking cessation

Consistent with Rose and Behm’s (2010) findings, Farrelly,
Loomis, and Mann (2007) found that over the years 1994—-2004,
U.S. inflation-adjusted cigarette prices increased by over 50%,
and this was associated with increased consumption of higher
machine-measured nicotine yield cigarettes, with this effect being
larger for menthol versus nonmenthol cigarettes. This data,
derived from analyses of over 800,000 cigarette purchases at U.S.
supermarkets, is consistent with the idea that as cigarette prices
increase, menthol cigarettes are particularly consumed in a man-
ner that facilitates greater nicotine absorption per cigarette.

It should be noted that most of the studies to date have not
been designed specifically to evaluate the effects of menthol on
cessation, and even the relatively large studies (e.g., Hyland
et al., 2002 and Murray et al., 2007) suffered from a lack of sta-
tistical power to detect within-race effects, partly because such a
low proportion of African Americans smoke nonmenthol
brands. Future analyses of existing and ongoing national survey
datasets (e.g. National Health Interview Survey, National Health
And Nutrition Examination Survey) may help clarify this issue.
Where possible, such analyses should include an assessment of
the effects of socioeconomic status (via measures of income,
financial assets, employment status, and education), nicotine/
smoke intake (e.g., via biomarkers such as CO and cotinine),
and also indicators of cigarette price (which can be estimated
from the person’s home state and preferred brand). Future
studies should collect adequate measurement of cigarette brand
and sub-brand smoked (including whether it is a menthol
brand), brand switching, the socioeconomic status of partici-
pants, and their biomarker concentrations. This is also true for
clinical trials not necessarily designed to assess the effects of
menthol on cessation.

In conclusion, research to date finds little evidence of an
association between menthol cigarette smoking and increased
difficulty quitting among middle-aged (and older) white
smokers. However, recent studies have consistently found that
racial/ethnic minority smokers of menthol cigarettes have a
lower quit rate than comparable smokers of regular cigarettes,
particularly among younger smokers. This pattern of results is
consistent with an effect that relies on menthol to facilitate in-
creased nicotine intake from fewer cigarettes where economic
pressures restrict the number of cigarettes smokers can afford
to purchase.
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