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Abstract

Objectives: In this study, we investigated potential effects of being a menthol smoker on 

response to reduced nicotine content (RNC) cigarettes in smokers especially vulnerable to 

smoking.

Method: Participants were 169 smokers (61 menthol and 108 non-menthol smokers) with 

comorbid mental illness, substance use disorder, or socioeconomic disadvantage. Participants 

completed a double-blind study assessing addiction potential, withdrawal/craving, and 

compensatory smoking across 4 research cigarettes varying in nicotine content from very low 

levels to commercial levels (0.4, 2.4, 5.2, 15.8mg/g of tobacco). Repeated measures analysis of 

variance was used to examine potential moderating effects of menthol status.

Results: Statistically significant effects of nicotine dose were noted across measures, with higher 

doses producing greater economic demand and relief from withdrawal/craving. The relationships 

between nicotine dose and response to RNC cigarettes do not differ by menthol status.

Conclusions: Results of this study suggest menthol does not have a differential impact on 

response to RNC cigarettes across measures of economic demand, withdrawal/craving, or smoking 

topography. These results suggest that any potential beneficial effects of RNC cigarettes should 

extend to menthol smokers including those especially vulnerable to smoking.

Keywords
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The United States (US) Food and Drug Administration (FDA) has proposed several product 

standards to address cigarette smoking, including reducing the nicotine content in cigarettes1 

with the aim of reducing the public health burden of smoking.2 Controlled studies across 

healthy populations, and populations especially vulnerable to tobacco use and addiction, 

have demonstrated that reductions in nicotine content in cigarettes decrease reinforcing 

efficacy, dependence, and cigarettes-per-day.3–9

As new product standards are considered, it is necessary to examine impact of nicotine 

reduction across subgroups of smokers. One subgroup of interest is those who regularly 
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smoke mentholated cigarettes.10 Menthol cigarette prevalence is increasing even as smoking 

prevalence is decreasing. Approximately 39% of all cigarettes sold are mentholated.11,12 

Additionally, there is evidence that mentholation may increase the appeal of cigarettes, 

reduce aversive throat sensations, and is used as an indicator of strength.13,14 Currently the 

FDA is considering changes in menthol regulation as a characterizing flavor in cigarettes.10

Current evidence regarding the potential moderating effect of menthol smoking status on 

response to nicotine reduction is mixed. A variable is a moderator of a relationship between 

an independent and a dependent variable if it explains under what conditions the former is 

related to the latter, and is usually demonstrated statistically through an interaction.15 

Whereas an initial examination of acute exposure to reduced nicotine content (RNC) 

cigarettes demonstrated a main effect of menthol in which menthol smokers had lower 

positive subjective effects and lower perceived value of the cigarettes than non-menthol 

smokers,16 a subsequent examination of acute effects found no influence of menthol 

smoking status on positive subjective or direct reinforcing effects when comparing very low 

nicotine content to normal nicotine content cigarettes.17 An examination of extended 

exposure to RNCs found a moderating effect of menthol smoking at one RNC dose 

(5.2mg/g), in which menthol smokers reported a greater reduction in cigarettes-per-day 

(CPD) compared to non-menthol smokers. No other moderating effects at other doses or 

dependent measures (ie, withdrawal, craving, compensatory smoking) were observed in that 

study.3 These studies were all conducted in the general population of smokers.3,16,17

One examination of populations with comorbid conditions that increase risk for tobacco use 

and addiction (ie, vulnerable populations) found that menthol did not moderate response to 

positive subjective effects of smoking RNCs or concurrent choice between varying nicotine 

dose cigarettes,5 similar to a report in the general population of smokers noted above.17 

However, menthol’s potential moderating effects on craving, withdrawal, and compensatory 

smoking have yet to be examined in these vulnerable populations. Considering that 

vulnerable populations make up a sizeable proportion of smokers (~30% of smokers have 

mental illness,18,19 50%-75% are socioeconomically disadvantaged,20,21 and 20% have 

substance abuse22) and have considerable problems quitting,23–26 there is good reason to 

make a more thorough examination of any potential moderating effects of menthol in them. 

The aim of the current study was to expand the examination of menthol as a potential 

moderator of response to RNCs in smokers with comorbid conditions by examining effects 

on behavioral-economic demand for cigarettes, withdrawal, craving, and compensatory 

smoking.

METHODS

Study Sample

Participants were 169 adult daily smokers from a parent multisite (University of Vermont, 

Brown University, Johns Hopkins University) study5 examining 3 populations with co-

morbid conditions; 56 with affective disorder as an exemplar of smokers with mental illness; 

60 with opioid dependence as an exemplar of smokers with other substance use disorders; 

and 53 socioeconomically disadvantaged women of reproductive age as an exemplar of 

smokers with economic disadvantage. All provided written informed consent. Inclusion and 
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exclusion criteria have been reported previously.5 Briefly, all participants smoked ≥5 

cigarettes-per-day for at least one year, had limited use of other tobacco products, and were 

not currently interested in quitting smoking. Populations were combined to serve as an 

exemplar for vulnerable groups and categorized by menthol smoking status.

Research Cigarettes

The study used SPECTRUM research cigarettes (22nd Century Group, Clarence, NY). 

Participants whose usual brand was mentholated were assigned to menthol research 

cigarettes; all participants reported a preference for mentholated or non-mentholated 

cigarettes. Four nicotine doses were investigated. The average nicotine content of doses 

across menthol and non-menthol products was 15.8, 5.2, 2.4, 0.4 mg of nicotine per gram of 

tobacco (mg/g) with the 15.8mg/g nicotine dose serving as a control for commercial 

cigarettes. SPECTRUM mentholated research cigarettes have menthol levels in the range of 

commercially available products.23,24 All cigarettes were administered under double-blind 

conditions.

Procedure

Procedures for this study have been described previously.5 Briefly, participants completed 14 

2-to-4-hour sessions in a within-subjects design organized into 3 phases. The present study 

focuses on Phase 1 sessions (Sessions 1–5 described below). Participants abstained from 

smoking for 6–8 hours operationalized as breath carbon monoxide (CO) at ≤½ study-intake 

CO level, a widely-used criterion in clinical laboratory smoking research.5,25,26

In Phase 1, participants were oriented to the study protocol (Session 1) and then sampled 

each of the 4 research cigarette doses across separate sessions (Sessions 2–5). Cigarettes 

were assigned arbitrary letter codes and participants smoked 1 of the 4 research cigarettes 

per session ad lib using a Clinical Research Support System (CReSS) device to record 

smoking topography.27 Following smoking, participants completed the Cigarette Purchase 

Task (CPT), a behavioral economic simulation task that models: (1) demand for cigarettes 

when unconstrained by cost (Intensity); (2) maximal amount willing to spend on daily 

smoking (Omax); (3) price at which smoking demand begins decreasing proportionate to 

increasing price (Pmax); (4) price at which one would discontinue smoking rather than incur 

the cost (Breakpoint); and (5) overall sensitivity of demand to price (elasticity).28 Prior to 

smoking and every 15 minutes for an hour following smoking, participants also completed 

the Minnesota Tobacco Withdrawal Scale (MTWS),29 the Questionnaire of Smoking Urges-

brief (QSU-B),30 and breath CO levels were collected.

Data Analysis

Our analyses examined whether menthol status moderated the effect of dose on CPT, 

MTWS, QSU-brief, smoking topography, or breath CO levels by using repeated measures 

analysis of covariance (ANCOVA), with nicotine dose and time (when applicable) as the 

within-participant factors and menthol status as a fixed effect. Menthol smokers differed 

from non-menthol smokers on race, education, and sex (p ≤ .05), which were included as 

covariates. Additional fixed effects for (1) session, (2) the 3 study populations who were 

studied independently using parallel research designs and combined for analysis in the 
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original and this secondary study, and (3) study site were included. Menthol-by-dose and 

time-by-dose interactions were included to test whether values differed by dose and to test 

for differential effects of menthol status by dose; when not statistically significant, 

interaction terms were dropped from the models. Menthol-by-population interactions were 

included to test whether moderating effects of menthol were present in a single population 

rather than the combined group. No statistically significant menthol-by-population 

interactions across measures were found, so these terms were dropped from the models. 

Significant menthol, time, dose, or interaction effects were followed by post hoc testing 

using Bonferroni corrections.

For the CPT, all indices were empirically quantified from observed values. Omax, Pmax, 

Breakpoint, and Elasticity were log10 transformed to correct for skewness. We found 

systematic patterns in 92.7% of CPT demand curves; therefore, no data were excluded from 

analyses. 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 0. All analyses were conducted using SAS 9.4 (SAS Institute, 

Cary, NC).

RESULTS

Participants

Menthol smokers made up 36% (61/169) of the sample and were more likely to be non-

white, have lower education, and female than non-menthol smokers (ps ≤ .05); they did not 

differ on other assessed sociodemographic or smoking characteristics (Table 1).

Cigarette Purchase Task

Regarding behavioral demand, there were no statistically significant interactions of menthol 

status and dose in any CPT indices (Intensity: F(3,487) = 1.05; Breakpoint: F(3,486) = 0.39; 

Omax: F(3,487) = 0.27; Pmax: F(3,486) = 0.34, p < .001; Elasticity: F(3,444) = 1.20, p = .30 

– .79). There were statistically significant effects of dose with a general pattern of more 

intense and persistent demand at higher nicotine doses (Intensity: F(3,487) = 6.04, p < .001; 

Breakpoint: F(3,486) = 14.27, p < .001; Omax: F(3,486) = 12.29, p < .001; Pmax: F(3,486) 

= 12.24, p < .001; Elasticity: F(3,443) = 2.81, p = .03), but no direct effects of menthol 

status on any CPT indices.

Measures of Withdrawal and Craving

Regarding withdrawal and craving, there was no interaction of menthol status and nicotine 

dose (F(1,153) = 0.24–1.65, p ≥ .28 for MTWS total scores, desire to smoke item, and QSU 

Factor 1; F(1, 97.5) = 0.61, p = .43 for QSU Factor 2). There was a statistically significant 

interaction of dose and time on MTWS total scores (F(12,2014) = 2.64, p < .01), with each 

of the doses decreasing MTWS scores from pre-smoking ratings with duration of effects 

greatest at the 15.8 mg/g dose. There were also statistically significant interactions of dose 

and time noted on the MTWS desire-to-smoke item (F(12,2014) = 5.86, p < .001), as well as 

QSU Factor 1 (F(12, 2014) = 8.92, p < .001) and Factor 2 scales (F(12,2014) = 5.22, p < .
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001); all doses decreased craving significantly, but the largest and longest duration effects 

were seen with the 15.8mg/g dose (F(3,501), p < .01).

Compensatory Smoking Measures

Regarding smoking topography, there were no statistically significant interactions of 

menthol status and dose. (total puff volume: F(1,154) = 0.05, p = .82; mean puff volume: 

F(1,152) = 0.02, p = .89; mean puff duration: F(1,143) = 0.00, p = .98; interpuff interval: 

F(1,153) = 1.01, p = .32; maximum flow rate: F(1,153) = 0.00, p = .95; puff number: 

F(1,135) = 0.24, p = .63) (see Figure 1 for an exemplar). There were statistically significant 

main effects of dose on 3 measures (total puff volume: F(3,488) = 4.70, p < .01, maximum 

flow rate: F(3,488) = 3.56, p < .01; maximum puff number: F(3,487) = 18.04, p < .0001), 

with greater exposure as a function of increasing nicotine dose, opposite of what is expected 

with compensatory smoking. There were no effects of menthol status on any smoking 

topography measure. The only observed change in breath CO was the expected increase 

following smoking and subsequent orderly decrease over time (F(3,501) = 103.44, p < .001), 

with no effect of menthol status (F(1,164) = 0.05, p = .82).

DISCUSSION

Our results show no evidence that response to RNC cigarettes across measures assessing 

addiction potential (ie, simulated demand for cigarettes), craving, withdrawal, or 

compensatory smoking in populations especially vulnerable to smoking interacts with 

menthol status (ie, moderation).

These findings are consistent with other studies reporting no or limited effect of menthol 

status on response to RNC cigarettes.3,5,17 The current work further extends the examination 

of this question in populations with increased vulnerability to tobacco use and addiction. 

Considering that menthol smokers comprise 39% of the US smoker population,11 have 

poorer cessation outcomes,13 and are overrepresented in populations with comorbidities,
31–35 it is important to have as full of an understanding of how these groups of smokers may 

respond to a possible nicotine reduction policy as is practical.

Regarding study limitations, although participants were given cigarettes matching their 

menthol preference and SPECTRUM cigarettes have menthol levels within the range of 

commercial brands, nevertheless, the level may differ in amount of mentholation relative to 

an individual participant’s usual brand. Because the level of menthol in the cigarette affects 

the taste and experience of smoking,14 this may have affected the acceptability among 

menthol smokers.24 Additionally, menthol and non-menthol smokers self-select into these 

categories. We used covariates to control for observed differences between menthol and non-

menthol smokers, but possible influence from unobserved differences cannot be ruled out. 

Lastly, the present study was a secondary analysis of a study designed with overarching aims 

other than examining menthol status as a moderator of the effects of nicotine dose and was 

not designed in a manner that might optimize discerning effects of menthol status (eg, 

matching menthol and non-menthol smokers on sociodemographics). It is also important to 

note that menthol flavoring has been used by tobacco manufacturers to increase appeal 

among individuals experimenting with smoking.13 Thus, whereas menthol status does not 
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appear to alter response to reduced nicotine content cigarettes in the established smokers 

examined in the present and prior studies, there could be impact of menthol in how 

experimental smokers respond to RNC cigarettes.

IMPLICATIONS FOR TOBACCO REGULATION

The relationships between nicotine dose and cigarette smoking do not appear to differ by 

menthol status. These findings underscore that potential benefits of reducing the nicotine 

content of cigarettes to decrease the addiction potential of smoking should extend to users of 

menthol and non-menthol cigarettes alike, including those from populations who are 

especially vulnerable to smoking and the adverse health impacts of smoking.
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Figure 1. 
Total Puff Volume Across Cigarettes for Menthol and Non-menthol Smokers

Note.

Least square mean (+ SEM) scores for total puff volume (mL) across cigarettes smoked ad 

lib for the 4 nicotine doses tested across menthol (upper panel) and non-menthol (lower 

panel) participants. Dose effects were observed (p < .05), but no effects by menthol status 

were observed.
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