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Abstract

Background: Use of menthol cigarettes is linked to sustained cigarette smoking adults. 

However, the relationship between menthol and smoking profile has not been thoroughly explored 

in adolescent cigarette smokers. This study examines the relationship between use of menthol 

cigarette and smoking frequency (i.e., days per month), quantity (i.e., cigarettes per day), quit 

intentions, and nicotine dependence (i.e., craving tobacco; use within 30 minutes of waking).

Methods: We pooled four years (2017–2020) of cross-sectional data from the National Youth 

Tobacco Survey. Participants were 2,699 adolescent, past 30-day cigarette smokers. Multinomial 

logistic regression models examined the relationship between menthol and cigarette smoking 

frequency and quantity. Logistic regressions examined the relationship between menthol and 
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intentions to quit smoking and nicotine dependence. Models controlled for socio-demographics 

and other tobacco use.

Results: Menthol cigarette smokers had greater risk of smoking 20–30 days per month relative to 

1–5 days per month (RRR: 2.35; 95% CI: 1.29 – 4.25) and greater risk of smoking 11+ cigarettes 

per day relative to 1 or less cigarettes per day (RRR: 2.02; 95% CI: 1.01 – 4.05), adjusting for 

covariates. Menthol cigarette smokers had lower odds of intentions to quit smoking (Adj OR: 0.56; 

95% CI: 0.40 – 0.80) but great odds of craving tobacco (OR: 1.47; 95% CI: 1.20 – 1.81) and using 

tobacco within 30 minutes of waking (OR: 1.63; 95% CI: 1.29 – 2.05), adjusting for covariates.

Conclusion: Findings suggest the relationship between menthol and cigarette smoking profile 

(i.e., frequency, quantity, quit intentions) is different for youth than that of adults. This study adds 

adolescent-specific evidence to existing research that suggests menthol reinforces sustained 

cigarette smoking among youth.

INTRODUCTION

Most adult cigarette smokers initiate use during adolescence (Department of Health & 

Human Services [DHHS], 2012; Perry et al., 2018; Thompson, Mowery, Tebes, & McKee, 

2017), though the transition from adolescent experimentation to long-term use is complex 

and dynamic (Hair et al., 2018; Loukas, Marti, & Perry, 2019; Mantey et al., 2020). 

Predictors of long-term cigarette smoking among adolescents include cigarette smoking 

frequency (i.e., days per month) and quantity (i.e., cigarettes per day) (DHHS, 2012) as well 

as quit intentions and nicotine dependence (Littell & Girvin, 2002; Prochaska, Redding, & 

Evers, 2015; Prochaska & Velicer, 1997). Given that cigarette smoking remains the leading 

cause of death in the United States (DHHS, 2014), understanding risk factors for long-term 

cigarette smoking among adolescents is of critical importance to public health regulatory 

policy and prevention efforts.

Research has found that adult menthol cigarette smokers report greater rates of nicotine 

dependence and cigarette smoking frequency (i.e., days per month) than non-menthol 

cigarette smokers (Azagba et al., 2020; Mantey et al., 2021; Villanti et al., 2012; Villanti et 

al., 2016). Similarly, adult menthol cigarette smokers report greater rates of quit intentions 

and cessation attempts (Keeler et al., 2016; Levy et al., 2011; Trinidad et al., 2010; Villanti, 

et al., 2017) but lower odds of successfully quitting, relative to non-menthol cigarette 

smokers. This is biologically plausible given that menthol additives interact at the receptor 

level with the actions of nicotine, increasing nicotine bioavailability as well as risk for 

nicotine dependence (Alsharari et al., 2015; Benowitz, Herrera, & Jacob, 2004; Benowitz & 

Samet, 2011; Kabbani, 2013; Trinidad et al., 2011; Villanti et al., 2017).

Menthol cigarettes are disproportionally popular among adolescent cigarette smokers, 

relative to adults in the United States (Villanti et al., 2017; Villanti et al., 2016). From 2016 

to 2018, approximately 50.7% of adolescent cigarette smokers used menthol cigarettes 

(Sawdey et al., 2020), despite menthol only accounting for approximately 35% of all 

cigarettes sold in the United States during this time (Federal Trade Commission, 2019). 

Consequently, it is plausible that adolescent menthol cigarette smokers would be at greater 

risk of progressing to established, long-term use during adulthood, relative to non-menthol 
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cigarette smokers (Harrell, et al., 2017; Nonnemaker et al., 2013; Villanti et al., 2017; 

Wackowski et al., 2017). However, limited research has directly examined for similarities in 

smoking patterns among adolescent and adult menthol cigarette users.

To date, there is limited research on differences in cigarette smoking frequency, quantity, and 

quit intentions among adolescent menthol and non-menthol smokers (Azagba et al., 2020; 

Benowitz & Samet, 2011; Villanti et al., 2017). A recent study found adolescent menthol 

cigarette smokers were 48% more likely to smoke on 10 or more days per month, relative to 

non-menthol cigarette smokers, from 2017–2018 (Azagba et al., 2020). Similarly, a 

descriptive study from 2016–2018 found 30% of adolescent menthol cigarette smokers 

reported smoking on 20 or more days per month, compared to just 22.3% of non-menthol 

cigarette smokers (p<0.001) (Sawdey et al., 2020). These findings deviate from past 

literature which as historically found no difference in cigarette smoking frequency and 

quantity between adolescent menthol and non-menthol smokers (Benowitz & Samet, 2011; 

Villanti et al., 2017). Similarly, the relationship between nicotine dependence and menthol 

cigarette smoking is not consistently observed among adolescent cigarette smokers 

(Cwalina, Majmundar, Unger, Barrington-Trimis, & Pentz, 2019; Villanti et al., 2017), as it 

is in adults. These gaps in the literature reflect a need for direct research examining specific 

the role of menthol on cigarette smoking frequency, quantity, and quit intentions among 

adolescent smokers.

Study Aims & Hypotheses

This study investigated the relationship between cigarette type used (i.e., menthol; non-

menthol) and cigarette smoking profile among a nationally representative sample of 

adolescent cigarette smokers. Specifically, this study examined self-reported: (1) number of 

days smoked per month (i.e., frequency of use); (2) number of cigarettes smoked per day 

(i.e., quantity of use); (3) intentions to quit; and (4) symptoms of nicotine dependence

This study had four hypotheses. First, we hypothesized menthol cigarette smokers will self-

report smoking more days per month than non-menthol cigarette smokers. Second, we 

hypothesized menthol cigarette smokers will self-report smoking more cigarettes per day 

than non-menthol cigarette smokers. Third, we hypothesized menthol cigarette smokers will 

have greater odds of reporting intentions to quit cigarette smoking. Understanding the role of 

menthol in adolescent cigarette smoking behaviors and quit intentions will inform public 

health regulatory policy regarding flavored tobacco products. And fourth, we hypothesized 

menthol cigarette smokers will have greater odds of reporting symptoms of nicotine 

dependence. All hypotheses on informed by prior research of menthol cigarette (Villanti et 

al., 2017; Wang et al., 2019).

METHODS

Study Sample & Population

This study pooled and analyzed four years (2017–2020) of cross-sectional data from the 

National Youth Tobacco Surveys (NYTS); an annual, cross-sectional survey of tobacco use 

behaviors among middle and high school students in the United States. The NYTS uses a 
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stratified, three-stage cluster sample design to obtain a representative sample of middle and 

high school students in the United States for each year.

This study only examined participants that self-reported combustible cigarette smoking in 

the past 30-days and had complete data on study variables. Of the n=3,273 past 30-day 

cigarette smokers over the three years of study, n=574 (17.1%) were excluded due to 

missing data, resulting in a final sample of n=2,699. We elected to conduct a complete case 

analysis due to the size of our dataset (Henry, Hevelone, Lipsitz, & Nguyen, 2013) and the 

categorical coding of our variables (Allison, 2005; Audigier, Husson, & Josse, 2017); these 

factors indicated comparable utility in minimizing bias across methods of handling missing 

data (e.g., multiple imputation).

Measures

Menthol Cigarette Smoking: The independent variable of this study was cigarette type. 

Participants were asked the following question: “Menthol cigarettes are cigarettes that taste 

like mint. During the past 30 days, were the cigarettes that you usually smoked menthol?” 

Those that reported “yes” were considered menthol cigarette smokers.

Frequency of Cigarette Smoking: The first outcome variable for this analysis was 

frequency of cigarette smoking. Participants were asked “During the past 30-days, on how 

many days did you smoke cigarettes?” Possible responses for frequency of cigarette 

smoking were limited to categorical ranges by the NYTS questionnaire. Several studies have 

presented varying methodologies for classification of non-daily cigarette smoking 

(Hennrikus, Jeffery, & Lando, 1996; Husten, et al., 1998; Saddleson et al., 2016; Wortley, 

Husten, Trosclair, Chrismon, & Pederson, 2003); however, to our knowledge, there is no 

established categorization of this variable. Further, a recent study of NYTS data found 

menthol cigarette smokers are more likely to smoke 10+ days per month (Azagba et al., 

2020). In effort to build on prior research, the presented study categorized frequency of 

cigarette smoking into tertiles (i.e., 3 categories). Cigarette smoking frequency tertiles were 

coded as follows: “1 to 2” or “3 to 5” (referent group); “6 to 9” or “10 to 19” days per month 

(coded as 1); and “20 to 29” or “all 30” days per month (coded as 2).

Quantity of Cigarette Smoking: The second outcome variable for this analysis was 

quantity of cigarette smoking. Participants were asked “During the past 30-days, on the days 

you smoked, about how many cigarettes did you smoke per day?” Possible responses for 

quantity of cigarette smoking were limited to categorical ranges by the NYTS questionnaire. 

Quantity of use was categorized into tertiles (i.e., 3 categories) based on previous findings of 

adolescent cigarette smoking (Jones, Kann, & Pechacek, 2011; Kozlowski & Giovino, 2014; 

Warner, 2018). Cigarette smoking quantity tertiles were coded as follows: smoking “less 

than 1” or “1” cigarette per day (referent group); “2 to 5” or “6 to 10” cigarettes per day 

(coded as 1); and 11 to 20” or “more than 20” cigarettes per day (coded as 2).

Cessation Intentions/Attempts.—The third outcome variable in this analysis was self-

reported intentions to quit cigarette smoking. Participants were asked “Are you seriously 

thinking about quitting cigarettes?” Those that responded “no, I am not thinking about 
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quitting cigarettes” or “yes, but not during the next 12 months” were considered to not have 

current intentions to quit cigarette smoking (referent group). Participants that reported “yes, 

during the next 30-days/6-months/12-months” were considered to have current intentions to 

quit cigarette smoking (coded as 1). Furthermore, past 30-day cigarette smokers that 

reported “I do not smoke cigarettes” were considered to be currently attempting cessation 

and thus considered to have intentions to quit cigarette smoking.

Symptoms of Nicotine Dependence.—Two validated measures of adolescent nicotine 

dependence were also examined as outcomes. First, participants were asked “How soon after 

you wake up do you want to use a tobacco product?” Those that reported using a tobacco 

product within 30 minutes or less of waking up were considered to exhibit the first symptom 

of nicotine dependence (Prokhorov et al., 2000; Prokhorov et al., 2017). Second, participants 

were asked “During the past 30 days, have you had a strong craving or felt like you really 

needed to use a tobacco product of any kind?” Those that reported “yes” were considered to 

exhibit the second symptom of nicotine dependence (DiFranza et al., 2007). Each of these 

variables was examined independently as they are generated from different measures of 

nicotine dependence (DiFranza et al., 2007; Prokhorov et al., 2000) and represent different 

domains of dependence (i.e., behavioral; affective) (Kenford et al., 2002).

Covariates

Socio-Demographics: This study controlled for the following socio-demographic 

covariates: race/ethnicity; biological sex; and grade level. For the purposes of this study, 

race/ethnicity was categorized as: non-Hispanic, white (referent); non-Hispanic, black; 

Hispanic/Latino; and “other” (i.e., non-Hispanic, Asian; multiracial; and any other race). 

Biological sex is a dichotomous variable; males served as the referent group. Grade level 

was categorized as middle school (6th – 8th grade) and high school (9th – 12th grade). Middle 

school served as the referent group.

Other Tobacco Use: This study also controlled for past 30-day use of non-cigarette 

tobacco products. Participants that reported use of any non-cigarette tobacco product in the 

past 30-days were considered “other tobacco users.” These tobacco products included: 

electronic cigarettes, cigars, cigarillos, little cigars, pipe tobacco, bidis, snus, dissolvable, 

and hookah. This was included as a covariate in all statistical models given the strong 

association between use of flavors and multiple tobacco product use among adolescents 

(Mantey et al., 2019; Sawdey et al., 2020).

Attrition Analysis

Attrition analysis comparing descriptive statistics between complete (n=2,699) and excluded 

(n=574) cases was conducted to examine possible selection bias due to missingness. The 

attrition analysis had two components. First, chi-square tests were conducted to determine if 

there were statistical differences between complete and excluded cases across all study 

variables. Second, post hoc analyses (i.e., Cohen’s W) were conducted for all statistically 

significant bivariate analyses to determine the degree participants with complete data 

differed from those who were removed due to incomplete data. Effect sizes of 0.20 or less 

were categorized as small and not indicative of selection bias due to missingness. These post 
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hoc analyses are critical to interpreting the findings for this attrition analysis as chi-square 

test and t-tests are sensitive to sample size (Cohen, 2013; Olivier & Bell, 2013).

Attrition analyses revealed that complete cases and excluded cases differed statistically 

across race/ethnicity (Cohen’s W = 0.16), grade level (Cohen’s W = 0.17), other tobacco use 

(Cohen’s W = 0.07), both symptoms of nicotine dependence (Cohen’s W = 0.05; Cohen’s W 

= 0.04), and cigarettes smoked per day (Cohen’s w = 0.10). Post hoc analyses revealed that 

all of these statistical associations were small (Cohen, 2013; Olivier & Bell, 2013) with no 

post hoc analyses result revealing a strength of association greater than 0.20. These findings 

indicate the statistical differences detected in the bivariate analyses were likely the result of 

sample size rather than systematic differences between the two samples.

Statistical Analysis

Data were weighted to be representative of US middle school and high school students in 

each year and to adjust for nonresponse and probability of selection. Description of the 

weighted structure and sampling frame for NYTS are described elsewhere (DHHS, 2020). 

Prior to testing study hypotheses, descriptive statistics were reported for each of the outcome 

variables.

The first two study hypotheses were tested using multivariate, multinomial logistic 

regression models. The first of these models assessed the relationship between menthol 

cigarette use and frequency of use, using infrequent smokers (1–5 days per month) as the 

referent outcome. The second model assessed the relationship between menthol cigarette use 

and quantity of cigarette smoked, using light smokers (1 or less cigarette per day) as the 

referent outcome. Multinomial logit coefficients for each multivariate multinomial logistic 

regression were exponentiated and reported as Relative Risk Ratios (RRR); this was 

conducted in Stata using the “rrr” function. The third and fourth study hypotheses were 

tested using multivariate logistic regression models. This model assessed the relationship 

between menthol cigarette smoking and intentions to quit cigarette smoking. For each of 

these models, cigarette type (i.e., menthol or non-menthol) served as the independent 

variable. All statistical models controlled for sex, grade level, race/ethnicity, and past 30-day 

use of other tobacco products. Year of survey was also included as a covariate in order to 

account for the random intercept of this variable. Findings were considered statistically 

significant at p = 0.050. All analyses were conducted using STATA 14.2 (College Station, 

TX).

RESULTS

Descriptive Statistics

Overall, 58.2% (95% CI: 55.5 – 60.8) of the sample reported smoking on 1–5 days per 

month, while 19.2% (95% CI: 17.3 – 21.2) reported smoking 6 –19 days per month, and 

22.6% (95% CI: 20.4 – 25.1) reported smoking 20–30 days per month. Similarly, 51.2% 

(95% CI: 48.2 – 54.1) of the sample reported smoking 1 cigarette (or less) per day, 41.1% 

(95% CI: 38.3 – 44.0) reported smoking 2–10 cigarettes per day, and 7.7% (95% CI: 6.7 – 

9.0) reported smoking 10 or more cigarettes per day. Most smokers (59.7%; 95% CI: 57.3 – 
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62.1) reported intentions to quit while 53.0% (95% CI: 50.2 – 55.8) reported craving 

tobacco, 30.2% (27.4 – 33.2) used tobacco within 30 minutes of waking. Further detail of 

descriptive statistics are available in Table 1.

Study Hypotheses

The first multinomial logistic regression model revealed menthol cigarette smokers had a 

greater relative risk of smoking 20–30 days per month relative to smoking 1–5 days per 

month (RRR: 1.90; 95% CI: 1.42 – 2.54), adjusting for covariates. Similarly, menthol 

cigarette smokers had a greater relative risk of smoking 6–19 days per month relative to 

smoking 1–5 days per month (RRR: 1.35; 95% CI: 1.01 – 1.80), adjusting for covariates. 

Results of this multivariate logistic regression model are presented in Table 2.

The second multinomial logistic regression model revealed menthol cigarette smokers had a 

greater relative risk of smoking 2–10 cigarettes per day relative to 1 or less cigarettes per day 

(RRR: 1.41; 95% CI: 1.14 – 1.74), adjusting for covariates. Similarly, menthol cigarette 

smokers had a greater relative risk of smoking 11 or more cigarettes per day (RRR: 2.49; 

95% CI: 1.74 – 3.57), relative to 1 or less cigarettes per day, adjusting for covariates. Results 

of this multivariate logistic regression model are presented in Table 3.

As seen in Table 4, menthol cigarette smokers had lower odds reporting current intentions to 

quit cigarette smoking (OR: 0.69; 95% CI: 0.58 – 0.84), adjusting for covariates. Menthol 

cigarette smokers also had greater odds of craving tobacco (OR: 1.47; 95% CI: 1.20 – 1.81) 

and using tobacco within 30 minutes of waking (OR: 1.63; 95% CI: 1.29 – 2.05), adjusting 

for covariates

DISCUSSION

This study found adolescent menthol cigarette smokers were more likely to be more frequent 

and heavier cigarette smokers as well as report symptoms of dependence. Similarly, menthol 

cigarette smokers were less likely to report intentions to quit in the next year. Findings 

mirror prior research showing adult menthol cigarette smokers (Villanti, et a., 2017; Villanti 

et al., 2012; Villanti et al., 2016) are more likely to report heavier and more frequent use, 

relative to non-menthol smokers. Our finding that menthol cigarette smokers were less likely 

to report intentions to quit cigarette smoking is counter to previous study of adult cigarette 

smokers (Azagba, et al., 2020; Levy et al., 2011; Trinidad et al., 2010; Villanti et al., 2017). 

This study suggests a substantial difference in tobacco use profile among menthol cigarette 

smokers by age group (i.e., youth versus adult), though further study is needed to replicate 

these findings.

Our findings build on existing literature by providing insights into the factors related to long-

term cigarette smoking among adolescents. Menthol has been identified as a risk factor for 

sustained cigarette smoking into adulthood (Villanti, et a., 2017); however, there is limited 

understanding of the behavioral mechanisms that precede this relationship. This study 

indicates that menthol cigarettes may expedite the transition to established cigarette smokers 

by increasing cigarette smoking frequency and quantity. Our findings also build on two 

recent studies which found that menthol was associated with more frequent smoking 
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(Azagba, et al., 2020; Sawdey et al., 2020). Further, this study suggests use of menthol 

cigarette may inhibit immediate intentions to quit among youth and increase risk for nicotine 

dependence, suggesting a greater probability of long-term cigarette smoking into young 

adulthood (Nonnemaker et al., 2013; Villanti et al., 2017).

This study has regulatory implications. Findings suggest the need to consider further 

restriction of characterizing flavors in combustible cigarettes as a method of reducing 

adolescent cigarette smoking. As of 2009, menthol is the only characterizing flavor available 

for conventional cigarettes in the United States (Food & Drug Administration, 2016). Since 

that time, there has been a substantial increase in the popularity in menthol cigarettes 

(Sawdey et al., 2020; Villanti et al., 2017; Villanti et al., 2016). This growth in popularity of 

menthol is concerning given the behavioral ramifications of menthol cigarette smoking 

among young people found by the presented study and other research (Azagba et al., 2020; 

Mantey et al., 2021; Sawdey et al., 2020). Though further study of the role of menthol on 

long-term cigarette smoking among adolescents is needed, the totality of the literature 

indicates the need to address characterizing flavors to reduce the public health ramifications 

of adolescent cigarette smoking (Villanti et al., 2017).

Findings must be put in context of tobacco related health disparities among racial/ethnic 

minorities in the US. The tobacco industry has disproportionately marketed menthol 

cigarettes to communities of color (Gardiner, 2004; Iglesias-Rios & Parascandola, 2013), 

resulting in disproportionately higher rates of menthol cigarette smoking among African 

Americans and Hispanic/Latinos, relative to non-Hispanic Whites (Sawdey et al., 2020; 

Villanti, et al., 2017). As such, the elevated risk for heavier and more frequent cigarette 

smoking as well as lower quit initiations among menthol cigarette smokers found in this 

study raises serious concerns for long-term health disparities. Future research is needed to 

thoroughly examine the role of race/ethnicity in the context of menthol and long-term 

cigarette smoking.

This study has limitations. First, this study relies on self-reported data and thus all responses 

are subject to recall bias. Second, the presented data are cross-sectional and thus no temporal 

or causal relationships can be examined. Third, it is plausible that cigarette smokers are not 

exclusively using either menthol or non-menthol products. As the independent variable of 

this study relied on which type of cigarette participants most frequently used in order to 

dichotomize smokers, this study is unable to explore the dual use of menthol and non-

menthol products. And fourth, this study relied on categorical classifications of frequency 

and quantity of cigarette smoking as in the NYTS questionnaire. As such, it is plausible that 

there is more variance and heterogeneity across frequency and quantity of use than is 

observable in this study. Future research is needed to examine the nuances of these 

behaviors.

Despite these limitations, the present study expands the understanding of the role of menthol 

on adolescent cigarette smoking behaviors. These cross-sectional data provide statistical 

evidence to support future longitudinal research that examines the direct temporal 

relationship between menthol and cigarette smoking frequency or quantity. Furthermore, this 

study also suggests the need to explore the interactions of menthol and frequency/quantity of 
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cigarette smoking (e.g., mediation, effect modification) as a predictor of long-term, 

sustained cigarette smoking among both youth and young adults. Future research is needed 

to explore how other factors, such as interpersonal (e.g., sensation seeking; harm 

perceptions) and socio-environmental (e.g., marketing; retail access) predictors of sustained 

cigarette smoking during adolescence may also impact differences in cigarette smoking 

frequency, quantity, and quit intentions.

Funding Statement

Effort for this project was supported by a grant from the National Institute on Drug Abuse K23DA042130 (PI: 
Montgomery) as well as the University of Texas Health Science Center at Houston School of Public Health Cancer 
Education and Career Development Program – National Cancer Institute/NIH Grant – National Cancer 
Institute/NIH Grant T32/CA057712 (Author: DS Mantey).The content is solely the responsibility of the authors and 
does not necessarily represent the official views of the National Cancer Institute or the National Institutes of 
Health.. Additional support was provided via a cancer prevention fellowship award supported by the Mrs. Harry C. 
Wiess Cancer Research Fund and the Laura and John Arnold Foundation [Author: OG Chido-Amajuoyi]

REFERENCES

Allison PD (2005). Imputation of categorical variables with PROC MI. SUGI 30 proceedings, 113(30), 
1–14.

Alsharari SD, King JR, Nordman JC, Muldoon PP, Jackson A, Zhu AZ, … Damaj MI (2015). Effects 
of menthol on nicotine pharmacokinetic, pharmacology and dependence in mice. PloS one, 10(9), 
e0137070. [PubMed: 26355604] 

Audigier V, Husson F, & Josse J (2017). MIMCA: multiple imputation for categorical variables with 
multiple correspondence analysis. Statistics and computing, 27(2), 501–518.

Azagba S, King J, Shan L, & Manzione L (2020). Cigarette Smoking Behavior Among Menthol and 
Nonmenthol Adolescent Smokers. Journal of Adolescent Health, 66(5), 545–550.

Benowitz NL, Herrera B, & Jacob P (2004). Mentholated cigarette smoking inhibits nicotine 
metabolism. Journal of Pharmacology and Experimental Therapeutics, 310(3), 1208–1215.

Benowitz NL, & Samet JM (2011). The threat of menthol cigarettes to US public health. New England 
Journal of Medicine, 364(23), 2179–2181.

Cohen J (2013). Statistical power analysis for the behavioral sciences: Routledge.

Commission FT (2019). Federal Trade Commission Cigarette Report for 2017. Retrieved from

Cwalina SN, Majmundar A, Unger JB, Barrington-Trimis JL, & Pentz MA (2019). Adolescent 
menthol cigarette use and risk of nicotine dependence: Findings from the national Population 
Assessment on Tobacco and Health (PATH) Study. Drug and alcohol dependence, 107715. 
[PubMed: 31760252] 

DiFranza JR, Savageau JA, Fletcher K, Pbert L, O’Loughlin J, McNeill AD, … Wood C (2007). 
Susceptibility to nicotine dependence: the Development and Assessment of Nicotine Dependence 
in Youth 2 study. Pediatrics, 120(4), e974–e983. [PubMed: 17908753] 

Food, & Drug Administration, H. (2016). Deeming tobacco products to be subject to the Federal Food, 
Drug, and Cosmetic Act, as amended by the Family Smoking Prevention and Tobacco Control 
Act; restrictions on the sale and distribution of tobacco products and required warning statements 
for tobacco products. Final rule. Federal register, 81(90), 28973. [PubMed: 27192730] 

Gardiner PS (2004). The African Americanization of menthol cigarette use in the United States. 
Nicotine & Tobacco Research, 6(Suppl_1), S55–S65. [PubMed: 14982709] 

General S (2014). The health consequences of smoking—50 years of progress: a report of the surgeon 
general. Paper presented at the US Department of Health and Human Services.

Hair EC, Romberg AR, Niaura R, Abrams DB, Bennett MA, Xiao H, … Vallone D (2018). 
Longitudinal tobacco use transitions among adolescents and young adults: 2014–2016. Nicotine & 
Tobacco Research.

Mantey et al. Page 9

Addict Behav. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Harrell MB, Loukas A, Jackson CD, Marti CN, & Perry CL (2017). Flavored tobacco product use 
among youth and young adults: What if flavors didn’t exist? Tobacco regulatory science, 3(2), 
168–173. [PubMed: 28775996] 

Health, U. D. o., & Services, H. (2012). Preventing tobacco use among youth and young adults: a 
report of the Surgeon General: Atlanta, GA: US Department of Health and Human Services, 
Centers for Disease ….

Hennrikus DJ, Jeffery RW, & Lando HA (1996). Occasional smoking in a Minnesota working 
population. American journal of public health, 86(9), 1260–1266. [PubMed: 8806378] 

Henry AJ, Hevelone ND, Lipsitz S, & Nguyen LL (2013). Comparative methods for handling missing 
data in large databases. Journal of vascular surgery, 58(5), 1353–1359. e1356. [PubMed: 
23830314] 

Husten CG, McCarty MC, Giovino GA, Chrismon JH, & Zhu B (1998). Intermittent smokers: a 
descriptive analysis of persons who have never smoked daily. American journal of public health, 
88(1), 86–89. [PubMed: 9584039] 

Iglesias-Rios L, & Parascandola M (2013). A historical review of RJ Reynolds’ strategies for 
marketing tobacco to Hispanics in the United States. American journal of public health, 103(5), 
e15–e27.

Jones SE, Kann L, & Pechacek TF (2011). Cigarettes smoked per day among high school students in 
the US, 1991–2009. American journal of preventive medicine, 41(3), 297–299. [PubMed: 
21855744] 

Kabbani N (2013). Not so Cool? Menthol’s discovered actions on the nicotinic receptor and its 
implications for nicotine addiction. Frontiers in Pharmacology, 4, 95. [PubMed: 23898298] 

Keeler C, Max W, Yerger V, Yao T, Ong MK, & Sung H-Y (2016). The association of menthol 
cigarette use with quit attempts, successful cessation, and intention to quit across racial/ethnic 
groups in the United States. Nicotine & Tobacco Research, 19(12), 1450–1464.

Kenford SL, Smith SS, Wetter DW, Jorenby DE, Fiore MC, & Baker TB (2002). Predicting relapse 
back to smoking: Contrasting affective and physical models of dependence. Journal of consulting 
and clinical psychology, 70(1), 216. [PubMed: 11860048] 

Kozlowski LT, & Giovino GA (2014). Softening of monthly cigarette use in youth and the need to 
harden measures in surveillance. Preventive medicine reports, 1, 53–55. [PubMed: 26844040] 

Levy DT, Blackman K, Tauras J, Chaloupka FJ, Villanti AC, Niaura RS, … Abrams DB (2011). Quit 
attempts and quit rates among menthol and nonmenthol smokers in the United States. American 
journal of public health, 101(7), 1241–1247. [PubMed: 21566032] 

Littell JH, & Girvin H (2002). Stages of change: A critique. Behavior Modification, 26(2), 223–273. 
[PubMed: 11961914] 

Loukas A, Marti CN, & Perry CL (2019). Trajectories of tobacco and nicotine use across young 
adulthood, Texas, 2014–2017. American journal of public health, 109(3), 465–471. [PubMed: 
30676800] 

Mantey D, Harrell M, Chen B, Kelder SH, Perry C, & Loukas A (2021). Multiple tobacco product use 
among cigarette smokers: a longitudinal examination of menthol and non-menthol smokers during 
young adulthood. Tobacco control.

Mantey DS, Harrell MB, Chen B, Kelder SH, Perry CL, & Loukas A (2020). A Longitudinal 
Examination of Behavioral Transitions among Young Adult Menthol and Non-Menthol Cigarette 
Smokers Using a Three-State Markov Model. Nicotine & Tobacco Research.

Mantey DS, Omega-Njemnobi O, & Montgomery L (2019). Flavored tobacco use is associated with 
dual and poly tobacco use among adolescents. Addictive behaviors, 92, 84–88. [PubMed: 
30597335] 

Nonnemaker J, Hersey J, Homsi G, Busey A, Allen J, & Vallone D (2013). Initiation with menthol 
cigarettes and youth smoking uptake. Addiction, 108(1), 171–178. [PubMed: 22862154] 

Olivier J, & Bell ML (2013). Effect sizes for 2× 2 contingency tables. PLoS One, 8(3), e58777. 
[PubMed: 23505560] 

Office on Smoking and Health. 2020 National Youth Tobacco Survey: Methodology Report. Atlanta, 
GA: U.S. Department of Health and Human Services, Centers for Disease Control and Prevention, 

Mantey et al. Page 10

Addict Behav. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



National Center for Chronic Disease Prevention and Health Promotion, Office on Smoking and 
Health, 2020

Perry CL, Pérez A, Bluestein M, Garza N, Obinwa U, Jackson C, … Harrell MB (2018). Youth or 
Young Adults: Which Group Is at Highest Risk for Tobacco Use Onset? Journal of Adolescent 
Health, 63(4), 413–420.

Prochaska JO, Redding CA, & Evers KE (2015). The transtheoretical model and stages of change. 
Health behavior: Theory, research, and practice, 125–148.

Prochaska JO, & Velicer WF (1997). The transtheoretical model of health behavior change. American 
Journal of Health Promotion, 12(1), 38–48. [PubMed: 10170434] 

Prokhorov AV, De Moor C, Pallonen UE, Hudmon KS, Koehly L, & Hu S (2000). Validation of the 
modified Fagerström Tolerance Questionnaire with salivary cotinine among adolescents. Addictive 
behaviors, 25(3), 429–433. [PubMed: 10890296] 

Prokhorov AV, Khalil GE, Foster DW, Marani SK, Guindani M, Espada JP, … Arora M (2017). Testing 
the nicotine dependence measure mFTQ for adolescent smokers: A multinational investigation. 
The American journal on addictions, 26(7), 689–696. [PubMed: 28708935] 

Saddleson M, Kozlowski L, Giovino G, Homish G, Mahoney M, & Goniewicz M (2016). Assessing 
30-day quantity-frequency of US adolescent cigarette smoking as a predictor of adult smoking 14 
years later. Drug and alcohol dependence, 162, 92–98. [PubMed: 26987520] 

Sawdey MD, Chang JT, Cullen KA, Rass O, Jackson KJ, Ali FRM, … Ambrose BK (2020). Trends 
and associations of menthol cigarette smoking among US middle and high school students—
National Youth Tobacco Survey, 2011–2018. Nicotine and Tobacco Research, 22(10), 1726–1735. 
[PubMed: 32347935] 

Thompson AB, Mowery PD, Tebes JK, & McKee SA (2017). Time trends in smoking onset by sex and 
race/ethnicity among adolescents and young adults: findings from the 2006–2013 National Survey 
on Drug Use and Health. Nicotine and Tobacco Research, 20(3), 312–320.

Trinidad DR, Pérez-Stable EJ, White MM, Emery SL, & Messer K (2011). A nationwide analysis of 
US racial/ethnic disparities in smoking behaviors, smoking cessation, and cessation-related factors. 
American journal of public health, 101(4), 699–706. [PubMed: 21330593] 

Trinidad DR, Pérez-Stable EJ, Messer K, White MM, & Pierce JP (2010). Menthol cigarettes and 
smoking cessation among racial/ethnic groups in the United States. Addiction, 105, 84–94. 
[PubMed: 21059139] 

Villanti AC, Collins LK, Niaura RS, Gagosian SY, & Abrams DB (2017). Menthol cigarettes and the 
public health standard: a systematic review. BMC public health, 17(1), 983. [PubMed: 29284458] 

Villanti AC, Giovino GA, Barker DC, Mowery PD, Sevilimedu V, & Abrams DB (2012). Menthol 
brand switching among adolescents and young adults in the National Youth Smoking Cessation 
Survey. American journal of public health, 102(7), 1310–1312. [PubMed: 22594728] 

Villanti AC, Mowery PD, Delnevo CD, Niaura RS, Abrams DB, & Giovino GA (2016). Changes in the 
prevalence and correlates of menthol cigarette use in the USA, 2004–2014. Tobacco control, 
25(Suppl 2), ii14–ii20. [PubMed: 27729565] 

Wackowski OA, Evans KR, Harrell MB, Loukas A, Lewis MJ, Delnevo CD, & Perry CL (2017). In 
their own words: young adults’ menthol cigarette initiation, perceptions, experiences and 
regulation perspectives. Nicotine and Tobacco Research, 20(9), 1076–1084.

Wang TW, Gentzke AS, Creamer MR, Cullen KA, Holder-Hayes E, Sawdey MD, … Homa DM 
(2019). Tobacco product use and associated factors among middle and high school students—
United States, 2019. MMWR Surveillance Summaries, 68(12), 1.

Warner KE (2018). A new measure of youth cigarette smoking. Preventive medicine reports, 12, 75–
78. [PubMed: 30191096] 

Wortley PM, Husten CG, Trosclair A, Chrismon J, & Pederson LL (2003). Nondaily smokers: a 
descriptive analysis. Nicotine & Tobacco Research, 5(5), 755–759. [PubMed: 14577992] 

Mantey et al. Page 11

Addict Behav. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• Menthol was associated with heavier and more frequent cigarette smoking.

• Menthol was associated with lower intentions to quit smoking.

• Menthol was associated with greater odds of nicotine dependence.
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Table 3

Menthol and Cigarette Smoking Frequency among Adolescent Cigarette Smokers (NYTS, 2017–2020; n = 

2699).

Frequency of Cigarette Smoking (in Days per Month)
a

Relative to 1 to 5 Days Per Month

Adjusted Relative Risk Ratio (95% Confidence 
Interval) 6 to 19 Days Per Month

Adjusted Relative Risk Ratio (95% Confidence 
Interval) 20–30 Days Per Month

Cigarette Type

 Non-Menthol 1.00 (Referent) 1.00 (Referent)

 Menthol 1.35* (1.01–1.80) 1.90*** (1.41–2.54)

Sex

 Males 1.00 (Referent) 1.00 (Referent)

 Female 0.90 (0.69–1.18) 0.93 (0.74–1.17)

Grade

 Middle School 1.00 (Referent) 1.00 (Referent)

 High School 1.49* (1.03–2.18) 1.42* (1.02–1.98)

Race/Ethnicity

 Non-Hispanic White 1.00 (Referent) 1.00 (Referent)

 Hispanic/Latino 1.03 (0.75–1.42) 0.89 (0.67–1.19)

 Non-Hispanic, Black 0.91 (0.57–1.47) 1.27 (0.74–2.18)

 Other
b 0.85 (0.56–1.30) 1.15 (0.74–1.78)

Other Tobacco Use

 Yes
c 1.49 (0.94–2.36) 2.07** (1.35–3.19)

Year

 2017 1.00 (Referent) 1.00 (Referent)

 2018 0.94 (0.71–1.26) 1.13 (0.84–1.53)

 2019 0.81 (0.55–1.20) 1.47 (0.99–2.17)

 2020 0.94 (0.59–1.49) 1.00 (0.66–1.52)

a
Referent Group was 1 to 5 Days Per Month.

b
“Other” is where a response was “Asian, non-Hispanic”, “American Indian/Alaska Native, non-Hispanic;” or “native Hawaiian and other Pacific 

Islanders, non-Hispanic”.

c
Past 30-day use of electronic cigarettes, cigars, cigarillos, little cigars, pipe tobacco, bidis, snus, dissolvable, and hookah.
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Table 4

Menthol and Cigarette Smoking Quantity among Adolescent Cigarette Smokers (NYTS, 2017–2020; n = 

2699).

Quantity of Cigarette Smoking (in Cigarettes per Day)
a

Relative to 1 to Less Cigarettes Per Day

Adjusted Relative Risk Ratio (95% Confidence 
Interval) 2 to 10 Cigarettes Per Day

Adjusted Relative Risk Ratio (95% Confidence 
Interval) 11 or More Cigarettes Per Day

Cigarette Type

 Non-Menthol 1.00 (Referent) 1.00 (Referent)

 Menthol 1.41** (1.14–1.74) 2.49*** (1.74–3.57)

Sex

 Males 1.00 (Referent) 1.00 (Referent)

 Female 1.03 (0.84–1.25) 0.60** (0.42–0.87)

Grade

 Middle School 1.00 (Referent) 1.00 (Referent)

 High School 1.34 (0.99–1.78) 1.00 (0.63–1.58)

Race/Ethnicity

 Non-Hispanic White 1.00 (Referent) 1.00 (Referent)

 Hispanic/Latino 0.59*** (0.47–0.75) 1.22 (0.80–1.85)

 Non-Hispanic, Black 0.51** (0.31–0.83) 1.89* (1.05–3.41)

 Other
b 0.84 (0.58–1.23) 1.06 (0.56–1.99)

Other Tobacco Use

 Yes
c 2.41*** (1.78–3.28) 2.86** (1.43–5.70)

Year

 2017 1.00 (Referent) 1.00 (Referent)

 2018 1.03 (0.75–1.41) 0.97 (0.65–1.44)

 2019 0.90 (0.64–1.26) 0.75 (0.46–1.20)

 2020 0.58** (0.40–0.85) 0.40** (0.23–0.71)

d
Participants that reported “During the past 30 days, have you had a strong craving or felt like you really needed to use a tobacco product of any 

kind”.

e
Participants that reported smoking their first cigarette of the day within 30 min or less of waking up.

a
Referent Group was 1 or Less Cigarettes Per Day.

b
“Other” is where a response was “Asian, non-Hispanic”, “American Indian/Alaska Native, non-Hispanic;” or “native Hawaiian and other Pacific 

Islanders, non-Hispanic”.

c
Past 30-day use of electronic cigarettes, cigars, cigarillos, little cigars, pipe tobacco, bidis, snus, dissolvable, and hookah.
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