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Abstract: 

Background: Menthol-flavored tobacco products are disproportionately used in low-income 

African American communities, a result of decades of targeted marketing and systemic inequities. 

Menthol use has been associated with lower quit rates, often compounded by factors such as lower 

trust in healthcare systems, reduced access to cessation programs, and other structural barriers. 

Despite this, few studies have systematically examined the explanatory mechanisms that might 

clarify why menthol-flavored tobacco is linked to poorer cessation outcomes among participants in 

tobacco cessation programs. Aims: This study aimed to investigate the potential mechanisms by 

which menthol tobacco use is associated with lower quit rates across three types of smoking 

cessation interventions. Methods: Participants were randomized into one of three smoking 

cessation interventions: in-person (CEASE), self-help, or online/hybrid programs. Smoking 

abstinence was assessed three months post-intervention as the primary outcome. Secondary 

analyses explored whether demographic, socioeconomic, or behavioral factors mediated the 

association between menthol use and quit rates across the intervention arms. Results: Menthol 

tobacco use was significantly associated with lower quit rates (p < 0.01). This association was not 

explained by demographic, socioeconomic, health, or addiction-related factors. While menthol use 

was associated with lower education and employment levels, demographic characteristics, physical 

or mental health, or addiction did not explain the effect of menthol on tobacco cessation. These 

findings suggest that the lower quit rates observed among menthol users cannot be attributed to 

any third factors assessed in this study. Conclusions: Menthol tobacco use independently predicts 

lower quit rates, and the mechanisms behind this disparity remain unclear. The consistent findings 

across different intervention types highlight the need for further research to uncover the underlying 

pathways and to design targeted strategies to improve cessation outcomes for menthol users. 

Keywords: Menthol Tobacco, Smoking Cessation, Randomized Controlled Trial, Intervention 

Effectiveness, Quit Rates 

 

1. Introduction 

Menthol-flavored tobacco products present a significant challenge to public health, 

particularly due to their potential link to higher addiction and lower quit rates [1,2]. This 

issue is especially pronounced in low-income African American communities [2-4], where 

menthol products are disproportionately marketed and consumed. Decades of predatory 
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marketing by tobacco companies have targeted these communities through strategies 

such as price discounts, culturally tailored advertising, and increased retail availability [3-

5]. These tactics have led to the high prevalence of menthol tobacco use among African 

Americans, a population already burdened by systemic inequities in healthcare access and 

cessation resources. The combination of aggressive marketing and structural barriers 

underscores the urgent need to understand the mechanisms that drive the lower quit rates 

among menthol users in these communities [2]. 

One potential explanation for menthol users' lower quit rates is the role of addiction 

severity. Menthol, a compound derived from mint, has unique properties that may 

enhance nicotine’s addictive potential [1,6,7]. Neurobiological and animal studies suggest 

that menthol amplifies nicotine’s rewarding effects by modulating pathways in the brain 

associated with addiction. For example, menthol interacts with nicotinic acetylcholine 

receptors, increasing dopamine release in brain regions associated with reward and 

dependence [6,8,9]. Additionally, animal studies have shown that menthol enhances 

nicotine self-administration and alleviates withdrawal symptoms, suggesting that the 

pairing of menthol with nicotine may result in a stronger addiction profile [10,11]. These 

findings suggest that menthol may act as more than just a flavoring agent, potentially 

altering physiological and behavioral responses to nicotine in ways that complicate 

cessation efforts. 

Another plausible explanation involves socioeconomic status [12,13]. If menthol 

users differ significantly from non-menthol users in socioeconomic status —given 

economic resources’ established role in influencing quit rates [14-16]—these differences 

may partly explain the observed disparities. Similarly, differences in physical [17,18] and 

mental health [19,20] profiles between menthol and non-menthol users could act as 

additional mechanisms. Demographic factors such as age and sex, which are known 

predictors of cessation success, might also contribute to these differences if they correlate 

with menthol use. Finally, patterns of tobacco use, including pack-years, product type, 

and quitting history, may further clarify whether the association between menthol and 

lower quit rates is mediated by these factors. 

Despite the insights provided by previous research, the exact mechanisms through 

which menthol influences addiction severity and cessation outcomes remain poorly 

understood. This study seeks to examine the interplay between addiction severity, 

demographic characteristics, socioeconomic status indicators, physical and mental health, 

and tobacco use patterns to elucidate why menthol use is associated with lower quit rates. 

By addressing these questions, we aim to inform more effective and equitable tobacco 

cessation strategies tailored to the needs of menthol users, particularly those in low-

income African American communities. 

2. Methods 

2.1. Study Design and Setting 

This study utilized a randomized cluster trial design to evaluate smoking cessation 

interventions across three Baltimore City communities [21-27]. Communities were 

randomly assigned to one of three intervention arms: (1) in-person intervention, (2) 

virtual/hybrid intervention, and (3) self-help/control group. Randomization was 

conducted in a blinded manner during a steering committee meeting to reduce potential 

bias. The selected communities—Oldtown/Middle East, Waverly, and Southwest 

(Poppleton/The Terraces/Hollins Market/Washington Village/Pigtown)—were chosen 

based on comparable sociodemographic characteristics and access to shared community 

resources, such as schools, churches, and healthcare centers. Initially, the virtual 

intervention was implemented as a fully remote program; however, logistical challenges 

necessitated a transition to a hybrid model. Recruitment boundaries were expanded to 
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neighboring areas to enhance participant enrollment. Participants outside the original 

community boundaries were randomized by site. 

2.2. Ethical Considerations 

The study received approval from Morgan State University’s Institutional Review 

Board (IRB #19/06-0082). Written informed consent was obtained from all participants 

prior to enrollment. To protect confidentiality, participants were assigned unique 

identification numbers that were stored separately from personal information. 

2.3. Study Participants 

Eligibility criteria for participation in the Communities Engaged and Advocating for 

a Smoke-free Environment (CEASE) [21-27] Digital smoking cessation program included: 

(1) age 21 years or older, (2) current smoker consuming three or more cigarettes daily, (3) 

willingness to quit smoking, and (4) provision of informed consent. Participants in the 

fully virtual intervention required reliable access to a compatible device (e.g., desktop, 

laptop, tablet) and consistent internet or cellular connectivity. This requirement was 

waived for hybrid sessions conducted in person. Individuals unable to provide informed 

consent due to health conditions were excluded from the study. 

2.4. Intervention 

Nine peer motivators, comprising former smokers and individuals with personal 

connections to tobacco use (e.g., family history of smoking or tobacco-related illness), 

were trained to facilitate smoking cessation classes. Training included a three-day 

workshop covering the CEASE Digital curriculum, digital platform integration, research 

ethics, study protocols, data management, and group facilitation techniques. Peer 

motivators also assisted in recruiting participants through outreach efforts, including 

flyers, social media announcements, referrals, word-of-mouth, and community surveys. 

Smoking cessation sessions were conducted in community spaces, including public 

housing sites, churches, and senior residences. Recruitment occurred between April 2022 

and September 2023. The CEASE Digital curriculum, co-developed with community 

stakeholders, was a seven-week program tailored to in-person and virtual/hybrid formats. 

In-person participants used printed materials, including the CEASE Today Tobacco 

Cessation Manual. The virtual/hybrid group accessed the program through an online 

platform mirroring the manual’s content, with virtual materials provided by peer 

motivators. Fully virtual sessions were conducted via Zoom, while hybrid sessions 

occurred in person. 

All sessions followed a structured timeline: informed consent (week 1), orientation 

and technology training (week 2), motivation and preparation to quit (weeks 3-4), quitting 

strategies (weeks 5-6), and relapse prevention (week 7). Sessions were two hours weekly, 

facilitated by two peer motivators per cohort. Participants in the self-help/control group 

received existing cessation services, including a one-hour motivational session, self-help 

materials, and referrals to local tobacco cessation resources. 

2.5. Questionnaires 

Baseline surveys collected data on demographics, smoking history, physical and 

mental health, social support, and other variables. Participants in the in-person and 

virtual/hybrid groups were followed three months post-intervention, completing a 

follow-up survey to report smoking status. The self-help/control group completed follow-

up surveys five months post-enrollment. 

2.6. Measures 

• Outcome Variable: Smoking cessation at follow-up was the primary outcome, 

measured as a binary variable (0 = did not quit, 1 = quit). 
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• Explanatory variables: Explanatory variables included age, gender, race, 

intervention arm, and nicotine dependence (measured by the Fagerström Test for 

Nicotine Dependence). Additional variables such as educational attainment, family 

income, marital status, general health, substance use, depression (PHQ-2), stress 

(PSS-4), and social support (DUFSSQ) were included in descriptive analyses.  

2.7. Statistical Analysis 

Descriptive statistics were computed for all variables, with means and proportions 

summarized by study arm. Bivariate analyses, including chi-square tests for categorical 

variables and independent samples t-tests for continuous variables, assessed differences 

across arms. Logistic regression models examined predictors of response to explain the 

effects of menthol on smoking cessation status, with results reported as odds ratios (ORs), 

95% confidence intervals (CIs), and p-values. All analyses were conducted using Stata 15.0, 

with statistical significance set at p < 0.05. 

3. Results 

Table 1 presents the descriptive results of the study both overall and stratified by 

menthol/multiple-flavor use. The majority of participants were over 50 years old (78.4%), 

women (50.5%), and Black Americans (82.8%). The mean (SD) nicotine addiction score at 

baseline was 4.4 (2.0), and the mean (SD) depression score was 4.1 (1.0). 

While 38.9% of menthol/multiple-flavor non-users reported quitting smoking, only 

18.5% of menthol/multiple-flavor users reported quitting. The mean (SD) number of 

cardiometabolic risk conditions was 0.7 (1.0) for menthol/multiple-flavor non-users and 

1.1 (0.9) for menthol/multiple-flavor users. 

Table 1. Descriptive Statistics of the Study Sample - Overall and by Menthol/Multiple Flavor 

Use 

Variables 
Menthol/Multiple Flavor Use Overall 

(n=232) No (n=18) Yes (n=206) Missing (n=8) 

Quit Smoking     

   No 11 (61.1) 168 (81.5) 7 (87.50) 186 (80.17) 

   Yes 7 (38.9) 38 (18.5) 1 (12.50) 46 (19.83) 

Study Arm     

   In-person 7 (38.9) 71 (34.5) 1 (12.50) 79 (34.0) 

   Virtual/Hybrid 4 (22.2) 82 (39.8) 4 (50.00) 90 (38.8) 

   Self-help 7 (38.9) 53 (25.7) 3 (37.50)  63 (27.2) 

Age      

   50 Years or Less 5 (27.8) 41 (19.9) 1 (12.50) 47 (20.3) 

   More than 50 Years 12 (66.7) 163 (79.1) 7 (87.50) 182 (78.4) 

   Missing 1 (5.6) 2 (1.0) - 3 (1.3) 

Gender     

   Men 6 (33.3) 96 (46.6) 5 (62.50) 107 (46.1) 

   Women 10 (55.6) 104 (50.5) 3 (37.50) 117 (50.4) 

   Missing 2 (11.1) 6 (2.9) - 8 (3.5) 

Race     

   Black  12 (66.7) 172 (83.5) 8 (100.0) 192 (82.8) 

   White 5 (27.8) 22 (10.7) - 27 (11.6) 

   Other/Multiple - 8 (3.9) - 8 (3.4) 

   Missing 1 (5.6) 4 (1.9) - 5 (2.2) 

Educational Attainment     

   Some High School or Less 3 (16.7) 57 (27.7) 4 (50.0) 64 (27.6) 

   Graduated from High School/GED 5 (27.8) 76 (36.9) 1 (12.5) 82 (35.3) 
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   Some College 4 (22.2) 48 (23.3) 2 (25.0) 54 (23.3) 

   Bachelor or More 5 (27.8) 22 (10.7) 1 (12.5) 28 (12.1) 

   Missing 1 (5.5) 3 (1.4) - 4 (1.7) 

Other Tobacco Product Use**     

   No 10 (55.6) 165 (80.1) 5 (62.5) 180 (77.6) 

   Yes 8 (44.4) 39 (18.9) 2 (25.0) 49 (21.1) 

   Missing - 2 (1.0) 1 (12.5) 3 (1.3) 

 Mean (SD) Mean (SD)  Mean (SD) 

Nicotine Addiction (at Baseline) 4.4 (2.1) 4.4 (2.0)  4.4 (2.0) 

Number of Cardiometabolic Risk Conditions 0.7 (1.0) 1.1 (0.9)  1.1 (1.0) 

Depression 1.5 (1.7) 1.3 (1.7)  1.3 (1.7) 

** P < 0.01 

 

Table 2 presents the bivariate correlations among the study variables. Quit smoking 

(r = -0.14, p < 0.05) and other tobacco products use (r = -0.17, p < 0.05) showed a significant 

negative correlation with menthol/multiple-flavor use. No other variables were 

significantly correlated with menthol/multiple-flavor use. 

 

Table 2. Correlation Matrix of the Study Variables Correlation Matrix of the Study Variables 

 1 2 3 4 5 6 7 8 9 

1.Menthol/Multiple Flavor Use 1.00         

2.Quit Smoking -0.14* 1.00        

3.Age (Yr) 0.06 0.04 1.00       

4.Gender (Women) -0.06 -0.11 0.06 1.00      

5. Education -0.13 0.09 -0.01 0.05 1.00     

6. Number of Cardiometabolic Risk Conditions 0.10 0.10 0.28*** 0.12 0.05 1.00    

7. Depression -0.04 -0.14* 0.00 0.02 -0.03 0.17* 1.00   

8. Other Tobacco Products Use -0.17* 0.0839 -0.17* -0.08 -0.01 -0.09 0.11 1.00  

9. Nicotine Addiction (at Baseline) 0.00 -0.06 -0.01 -0.08 -0.18** -0.01 0.22** -0.02 1.00 

Note: *** P < 0.001, ** P < 0.01, * P < 0.05.  

 

The results of the multivariable logistic regression analysis are presented in Table 3. 

Individuals receiving in-person interventions showed significantly higher odds of 

quitting (AOR = 3.81, p < 0.05). Menthol/multiple-flavor tobacco users were less likely to 

quit compared to non-users (AOR = 0.14, p < 0.01). Women had lower odds of quitting 

compared to men (AOR = 0.33, p < 0.01). Participants with a higher number of 

cardiometabolic risk conditions were more likely to quit smoking (AOR = 1.73, p < 0.05), 

while individuals with higher levels of depression had lower odds of quitting (AOR = 

0.56, p < 0.05). 

 

Table 3. Logistic Regression Results 

Variables 
Quit Smoking 

Unadjusted OR (95% CI) Adjusted OR (95% CI) 

Menthol/Multiple Flavor Use   

   No Ref. Ref. 

   Yes 0.36* (0.13, 0.98) 0.14** (0.04, 0.55) 

Study Arm   

   Self-Help Group Ref. Ref. 
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   In-Person Group 2.17 (0.92, 5.16) 3.81* (1.21, 12.03) 

   Virtual/Hybrid Group 1.30 (0.53, 3.16) 2.19 (0.67, 7.18) 

Age   

   50 years or Less Ref. Ref. 

   More than 50 years 1.29 (0.56, 2.98) 1.66 (0.59, 4.69) 

Gender   

   Men Ref. Ref. 

   Women 0.57 (0.30, 1.11) 0.33* (0.14, 0.77) 

Educational Attainment   

   Some High School or Less Ref. Ref. 

   Graduated from High School/GED 1.08 (0.46, 2.54) 0.84 (0.28, 2.50) 

   Some College 1.38 (0.55, 3.43) 1.26 (0.39, 4.13) 

   Bachelor or More 1.93 (0.68, 5.49) 0.97 (0.23, 4.07) 

Number of Cardiometabolic Risk Conditions 1.29 (0.91, 1.84) 1.73* (1.13, 2.66) 

Depression 0.77* (0.61, 0.98) 0.56** (0.39, 0.80) 

Other Tobacco Product Use   

   No Ref. Ref. 

   Yes 1.61 (0.77, 3.36) 2.50 (0.96, 6.47) 

Nicotine Addiction (at Baseline) 0.93 (0.79, 1.09) 1.01 (0.82, 1.24) 

Note: Abbreviations: 0R= Odds Ratio; CI=Confidence Interval; ** P < 0.01, * P < 0.05.  

 

4. Discussion 

This study aimed to explore why menthol tobacco use is associated with lower quit 

rates in smoking cessation programs, focusing on potential explanatory mechanisms. 

Using a three-arm randomized trial of in-person (CEASE) [21-28], self-help, and 

online/hybrid interventions, we investigated whether demographic, socioeconomic, 

health, or addiction-related factors could explain the observed disparity in quit rates 

among menthol users. Despite comprehensive analyses, we found that menthol tobacco 

use independently predicted lower quit rates, with no evidence that these factors 

mediated the association. 

Our analyses revealed no significant associations between menthol use and 

demographic characteristics such as age, gender, or race. While menthol tobacco use is 

disproportionately prevalent in certain demographic groups, particularly among African 

Americans, our findings suggest that these differences do not account for the observed 

disparities in quit rates. This indicates that the lower cessation success among menthol 

users may not be solely a result of demographic composition but rather due to other, 

unmeasured factors. 

Menthol use was associated with lower education and employment levels in our 

sample, which aligns with prior research indicating that menthol tobacco products are 

disproportionately marketed in low-income communities. However, these socioeconomic 

differences did not explain the lower quit rates among menthol users. This finding 

underscores the unique challenges faced by menthol users that persist beyond the 

influence of socioeconomic status, suggesting that other mechanisms may be at play. 

No significant associations were found between menthol use and physical or mental 

health indicators, such as stress or depression. These findings challenge the hypothesis 

that menthol users are less likely to quit because they have more comorbidities, have more 

depression, have more stress, or have less social support. Other physiological or 

behavioral pathways may contribute to their low quit rates of menthol users. 

The role of addiction severity, often implicated in cessation difficulties, also failed to 

emerge as a significant mechanism in our study. Contrary to expectations based on 



Payam Sheikhattari et al. 7 of 9 
 

 

neurobiological and animal research, menthol users did not exhibit higher scores on the 

Fagerström Test for Nicotine Dependence (FTND) [29-36], nor were there significant 

differences in individual FTND components. While these findings challenge the 

hypothesis that addiction severity directly mediates the relationship between menthol use 

and lower quit rates, they do not rule out the possibility that menthol interacts with 

nicotine in ways that are not fully captured by traditional measures of dependence. The 

potential neurobiological mechanisms underlying menthol’s influence on addiction 

remain an important area for further exploration. Research has demonstrated that 

menthol enhances nicotine’s rewarding effects by modulating dopaminergic activity in 

brain regions associated with reward and dependence. Additionally, menthol may reduce 

the aversive sensations associated with smoking, making tobacco use more appealing and 

reinforcing. These neurochemical interactions could create a unique addiction profile for 

menthol users, making them more resistant to traditional cessation interventions. 

Menthol is widely used in tobacco products for its cooling and anesthetic properties, 

which reduce the harshness of smoking and increase its appeal. These properties have 

been exploited through targeted marketing campaigns in low-income and African 

American communities, leading to disproportionately high menthol use in these 

populations. Research suggests that menthol enhances nicotine’s addictive potential by 

modulating reward pathways in the brain, which may contribute to the lower quit rates 

observed in menthol users. 

The disproportionate use of menthol tobacco among low-income African American 

communities is largely a consequence of predatory marketing by tobacco companies. 

Policies aimed at banning menthol products could significantly reduce the appeal and 

availability of these products, thereby mitigating the disparities in quit rates. Furthermore, 

stricter regulations on targeted advertising and retail density in low-SES areas could 

decrease the accessibility of menthol products and reduce initiation rates. Coupled with 

broader tobacco control efforts, these policies could help address the systemic inequities 

that have made menthol a significant driver of health disparities in these communities.  

4.1. Implications 

This study provides additional evidence supporting the argument that menthol and 

flavored tobacco products not only increase their appeal among youth and racial 

minorities but also make quitting more difficult. Therefore, policies banning flavored 

tobacco products could play a crucial role in mitigating these challenges. In addition, our 

findings highlight the unique challenges faced by menthol users in cessation programs, 

emphasizing the need for tailored interventions. Standard approaches that assume 

uniform efficacy across all smokers may be insufficient for this subgroup. Public health 

strategies must account for the specific barriers faced by menthol users, including 

potential neurobiological and sensory mechanisms that may reinforce addiction. 

Clinicians and quit-line operators should provide additional support to menthol 

users, recognizing their heightened risk of cessation failure. Tailored interventions, such 

as extended counseling, culturally appropriate support, and strategies to mitigate the 

sensory and psychological appeal of menthol, may improve outcomes. Training cessation 

providers to address the unique challenges of menthol users could also enhance the 

effectiveness of these programs. 

4.2. Limitations 

This study has several limitations. First, our assessment was limited to three months 

post-intervention, and longer follow-up periods may provide additional insights into quit 

trajectories. Second, while we included a comprehensive set of variables, other 

unmeasured factors, such as neurobiological mechanisms or environmental influences, 

may play a role. Third, our findings may not generalize to populations outside of the 
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study sample, particularly given the overrepresentation of menthol use in certain 

demographic groups. 

4.3. Future Research 

Future studies should explore the neurobiological mechanisms underlying the 

interaction between menthol and nicotine, including how menthol affects reward 

processing and withdrawal symptoms. Qualitative research capturing the lived 

experiences of menthol users may also provide valuable insights into behavioral and 

psychosocial barriers to cessation. Finally, intervention studies should evaluate the 

efficacy of tailored cessation approaches designed specifically for menthol users, 

including pharmacological and behavioral strategies. 

5. Conclusions 

Menthol tobacco use is associated with lower quit rates in cessation programs, and 

this disparity cannot be explained by demographic, socioeconomic, health, or addiction-

related factors. These findings underscore the urgent need for targeted research and 

tailored interventions to address the challenges faced by menthol users. By understanding 

and addressing the unique barriers to cessation in this population, we can advance health 

equity and reduce tobacco-related disparities. 
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