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Abstract

Background—As the US Food and Drug Administration takes regulatory action on menthol 

cigarettes, debate continues about how restricting menthol e-liquids might impact adult menthol 

smokers in switching to e-cigarettes.

Methods—Switching patterns and e-cigarette acceptability were assessed at week 6 among 64 

black and Latinx menthol cigarette smokers who used JUUL menthol (n=39) or non-menthol 

e-cigarettes ((n=25), primarily mint or mango) as part of a randomised switching trial.

Results—No clear evidence of effects was found between menthol versus non-menthol e- 

cigarettes on use or subjective effects/acceptability, effect sizes for all comparisons were small 
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(effect size=0.0–0.2), and Bayes factor ranged from 0.10 to 0.15. Specifically, 82.1% of 

participants who used menthol-flavoured e-cigarettes fully or partially switched to e-cigarettes 

compared with 88.0% of participants who used a non-menthol (p=0.75). Further, both groups 

demonstrated substantial reductions in cigarettes per day (menthol e-cigarettes: −8.5±10.4 vs 

non-menthol e-cigarettes: −8.8±5.8, p=0.87), comparable grams of e-liquid consumed (menthol 

e-cigarettes: 9.2±9.8 g vs non-menthol e-cigarettes: 11.0±11.0 g, p=0.47), and positive subjective 

effects, including ‘just right’ throat hit (menthol e-cigarettes: 70.7% vs non-menthol e-cigarettes: 

66.7%, p=0.93) and flavour liking (menthol e-cigarettes: 75.6% vs non-menthol e-cigarettes: 

66.7%, p=0.32).

Conclusions—Both menthol and non-menthol e-cigarettes were associated with high rates of 

use and acceptability among menthol smokers. Findings require confirmation in a fully powered 

non-i nferiority or equivalence study but provide preliminary evidence to inform regulatory action 

on menthol e-cigarettes that could slow youth initiation without impacting black and Latinx 

menthol cigarette smokers interested in switching to e-cigarettes.

INTRODUCTION

Policies targeting menthol flavouring could positively impact public health.1–5 The US 

Food and Drug Administration’s (FDA) decision to advance the rule-making process 

to ban menthol cigarettes is a potentially important step toward closing the gap in 

tobacco-related disease and death disproportionately experienced by racial/ethnic minority 

smokers.6–8 Debate continues about whether comprehensive enforcement priorities inclusive 

of menthol e-liquids should be enacted. Proponents of a comprehensive flavour ban cite 

the role of flavouring in fuelling the youth vaping epidemic and assert that a ban on 

flavoured e-liquids would slow or eliminate youth initiation.9–12 For the adult smoker 

who cannot or is not ready to quit cigarettes, e-cigarettes have emerged as an effective 

harm reduction strategy.13–15 Opponents note concerns that removal of flavours would 

drive adult smokers who would otherwise switch to e-cigarettes for harm reduction to 

instead continue smoking combustible cigarettes that are, arguably, the more harmful way 

of obtaining nicotine.2 16 Targeted tobacco industry marketing of menthol cigarettes has 

led to disproportionately higher rates of menthol cigarette use, especially among black 

adults.17–20 As a result, racial/ethnic minority smokers are more likely to seek a menthol 

substitute when switching to e-cigarettes. 21 Opponents further worry that a ban on menthol 

e-cigarettes would lead to low rates of switching among predominantly black menthol 

smokers, disproportionately impacting racial/ethnic minority communities and widening 

tobacco-related health disparities. 22 These empirical questions remain largely unanswered.

This secondary data analysis is, to our knowledge, the first to compare e-cigarette use and 

acceptability among black and Latinx menthol smokers who used their choice of menthol 

or non-menthol e-cigarettes (primarily mango or mint) for 6 weeks as part of an e-cigarette 

switching randomised clinical trial (RCT).23 Based on observational studies in mostly non-

Hispanic white non-menthol smokers,21 24–26 we tested under the assumption of the null 

hypothesis, meaning that no clear evidence would be found for an effect of switching from 

cigarettes to e-cigarettes, reduction in cigarettes per day (CPD), e-liquid consumption or 
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subjective effects of vaping (ie, acceptability) between participants who used menthol versus 

non-menthol e-cigarettes.

METHODS

This study is a secondary analysis of an RCT that was not prospectively designed to examine 

differences in outcome by e-cigarette flavour. Findings should be considered preliminary 

and hypothesis-generating. Parent study methods and procedures are described in detail 

elsewhere.13 In brief, eligible participants were black (n=92) or Latinx (n=94) adult (≥21 

years) daily smokers who were interested in switching to e-cigarettes. Participants were 

excluded if they were e-cigarette users, primary users of non-cigarette tobacco products (eg, 

cigarillos) or had medical contraindications to e-cigarette use (eg, pregnant). Recruitment 

occurred from May 2018 through March 2019; follow-up was completed in May 2019. The 

study was approved by the Institutional Review Board at California State University San 

Marcos and University of Kansas School of Medicine. Written consent was used.

The study was conducted prior to the removal of JUUL mint and mango pods from the 

market. Participants were randomised 2:1 to 6 weeks of JUUL (5% nicotine) in their choice 

of mint, menthol, Virginia tobacco or mango pods, or 6 weeks smoking cigarettes as usual. 

Participants were given the opportunity to try each e-cigarette flavour before making their 

selection. Pods were allocated in the preferred flavour at baseline and week 2 at a rate of one 

pod per pack of baseline cigarettes. Used, partial and unused pods were returned at week 6 

for weighing.

Measures

E-cigarette flavour was based on participants’ choice of e-liquid. Menthol e-cigarette users 

selected menthol pods at baseline and week 2. Non-menthol e- cigarette users selected mint, 

mango or Virginia tobacco pods at baseline or week 2.

Switching patterns (ie, exclusive e-cigarette, dual cigarette–e--cigarette, exclusive cigarette 

use) were based on the Timeline Follow Back Interview (TFLB) of the number of cigarettes 

and e-cigarettes used each day over the previous 7 days at week 6, confirmed with carbon 

monoxide in self-reported exclusive e-cigarette users.27–29

Change in CPD from baseline to week 6 was based on the 7-day TFLB.27–29

Total grams of study e-liquid consumed was derived from pods that were weighed prior to 

their distribution and then upon return.

Rate of substitution represents the proportion of total consumption coming from e-cigarettes 

at week 6 and was calculated by dividing the total grams of e-liquid consumed in the past 

7 days by the sum of total cigarette and e-cigarette consumption (e-cigarette/cigarettes+e-

cigarettes). 30

Subjective effects of vaping/acceptability was measured at baseline after sampling e-

cigarettes using the 12-item Modified Cigarette Evaluation Scale adapted for e-cigarettes. 
31 32 Two additional items assessed throat hit and flavour liking.33
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Demographic and tobacco use history variables were assessed at baseline.

Statistical analyses

The impact of menthol and non-menthol flavouring on switching from cigarettes to 

e-cigarettes, reduction in CPD, rate of substitution, grams of e-liquid consumed, and 

subjective effects of vaping were compared at week 6 using Χ2 test for categorical and 

two-sided t-tests for continuous measures. Effect sizes were calculated with Cramer’s 

V for categorical variables and Hedge’s g for continuous variables. For continuous 

outcomes, Bayes factor was also computed to examine strength of evidence for the null 

versus the alternative hypothesis.34 Analyses were repeated comparing the outcomes by 

menthol, tobacco and mint/mango e-cigarette flavouring using analysis of variance for 

continuous variables and Χ2 for categorical variables. These analyses can be found in online 

supplemental materials given space limitations of a brief report and the small proportion of 

non-menthol e-cigarette users selecting tobacco.

RESULTS

Of the 122 smokers (62 black, 60 Latinx) randomised to e-cigarettes, 68 (55.6%) were 

menthol cigarette smokers, 64 of whom returned at week 6, representing the final analytical 

sample. The majority were black (50 of 64, 78.1%), 51.5% female with a mean age of 

45.4 years (SD=12.5), 47.0% were unemployed or unable to work, and 79.1% were at 

≤200% Federal Poverty Level (FPL). Participants smoked 12.0 (SD=7.7) CPD at baseline 

and had been smoking their current menthol cigarettes for 17.4 (SD=12.8) years. The four 

who did not return were younger (33.0 (SD=5.9) vs 46.2 (12.4), p=0.01) but otherwise did 

not differ from those who returned on race/ethnicity, gender, employment, FPL or smoking 

characteristics (p>0.05).

Menthol e-cigarettes were used throughout the duration of the study by 39 participants; 25 

participants used non-menthol e-cigarettes (table 1). Among non-menthol users, mint was 

the most common flavour, followed by mango and Virginia tobacco.

There was no clear evidence of an effect of menthol versus non-menthol e-cigarette flavour 

on any of the outcomes of interest. Effect sizes were small for all comparisons (effect 

sizes=0.0–0.2) (table 1). The Bayes factor ranged from 0.098 to 0.148, indicating that 

the null hypothesis was 6.7–10.2 times more likely than the alternative hypothesis on the 

outcomes of interest. E-cigarette flavour was not significantly associated with switching 

pattern (X2 (2, n=64)=0.57, p=0.75); 82.1% of participants who used menthol-e-cigarettes 

fully or partially switched to e-cigarettes at week 6 compared with 88.0% of participants 

who used non-menthol e-cigarettes (p=0.75). F urther, both groups demonstrated substantial 

reductions in CPD (p=0.87), a high rate of substitution (p=0.98), comparable e-liquid 

consumption (p=0.47), and positive subjective effects, including ‘just right’ throat hit 

(p=0.93) and ‘just right’ flavour liking (p=0.32). The same trends were found for analyses 

comparing menthol, tobacco, and mint or mango e-cigarettes (see online supplemental table 

1).
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DISCUSSION

To our knowledge, this is the first study to compare menthol versus non-menthol e-liquid 

choice on switching patterns, e-cigarette use, and acceptability among black and Latinx 

menthol cigarette smokers interested in switching. No clear evidence of effects was found 

in switching from tobacco cigarettes to e-cigarettes, reduction in CPD, rate of substitution 

of cigarettes for e-cigarettes, e-liquid consumption or subjective effects of vaping between 

those who used menthol versus non-menthol e-cigarettes. Importantly, both menthol and 

non-menthol e-cigarettes led to high rates of biochemically verified exclusive e-cigarette 

use, substantial reduction in CPD and comparable grams of e-liquid consumed.

Findings build on a growing body of evidence from cross-sectional and longitudinal cohort 

studies of predominantly non-Hispanic white, non-menthol smokers suggesting that nicotine

—not flavour—drives use in adults who currently use e-cigarettes. Specifically, across 

Population Assessment of Tobacco and Health Study, the International Tobacco Control 

(ITC) Four Country Smoking and Vaping Survey, and a large longitudinal cohort study of 

adult smokers using JUUL, no differences have been found between pod flavour and rate of 

switching, reduction in CPD, plans to quit or making a recent attempt to quit cigarettes after 

accounting for factors known to impact e-cigarette use (eg, device type, vaping frequency, 

age, sex, race/ethnicity).21 25 26 35 36 Another study by Yingst et al examined response 

to the removal of mint, mango, crème, fruit, and cucumber e-liquids in adult JUUL users 

and found that removal of these popular flavours did not impact overall e-cigarette use. 
37 Rather, smokers perceived the shift to Virginia tobacco or menthol as relatively easy 

and cited nicotine, not flavour, as the driver of their continued use. Findings are consistent 

with data suggesting that, while menthol smokers prefer menthol e-cigarettes, less than 

one-fourth use menthol e-cigarettes exclusively.38 Combined findings from the literature and 

the current study appear to indicate that factors other than flavouring are the primary drivers 

of switching in adult e-cigarette users.

Findings cannot be generalised to non-menthol cigarette smokers or smokers of other races/

ethnicities. Further, the sample was primarily black menthol smokers so care should be 

taken to not overgeneralise results to Latinx menthol smokers. The parent RCT was not 

prospectively designed to examine the impact of e-cigarette flavouring on switching and 

the sample size for the current study was small; however, effect size and Bayes factor for 

all comparisons were small, indicating that flavouring had no clear evidence of impact 

on the outcomes of interest independent of sample size. Participants were not randomised 

to e-cigarette flavouring, although allowing participants to choose their preferred flavour 

represents ‘real-world’ behaviour. The study was conducted prior to the removal of mango, 

crème, fruit, cucumber and mint JUUL pods from the market, and the subsample of those 

selecting Virginia tobacco was too small to conduct meaningful comparisons that reflect 

the current regulatory environment for closed system e-cigarettes. A prospectively designed 

RCT directly comparing tobacco versus menthol e-cigarettes is underway (NCT05023096) 

and will be critically important as FDA contemplates further regulatory action on flavoured 

e-cigarettes. Finally, very few participants chose tobacco-flavoured e-cigarettes. Findings 

might be negated if a comprehensive ban on flavoured e-liquids inclusive of menthol 

dissuaded menthol smokers from being willing to initiate e-cigarette use altogether if 
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tobacco is the only flavour option available. This possibility has been suggested in 

‘hypothetical choice’ experiments but has not been confirmed with ‘real-world’ behaviour.39

In conclusion, both menthol and non-menthol e-cigarettes led to high rates of switching, 

positive subjective effects, and comparable grams of e-liquid consumed in black and Latinx 

menthol smokers who used their choice of menthol or non-menthol e-cigarettes for 6 weeks 

as part of an e-cigarette switching RCT. Findings require confirmation in a fully powered 

and prospectively designed non-inferiority or equivalence study but provide preliminary 

data to inform regulatory action on menthol e-cigarettes that could slow youth and young 

adult initiation without impacting black and Latinx menthol cigarette smokers interested in 

transitioning to e-cigarettes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Funding

This work was supported in full or part by SC3GM122628 (KP and MR), K01DA054995 (ELSL), the National 
Cancer Institute Cancer Center Support Grant P30CA168524, and used the Biostatistics & Informatics and Clinical 
Pharmacology Shared Resources (NLN, ELSL and MSM), and P20GM130414 (JA), an NIH-funded Center of 
Biomedical Research Excellence (COBRE).

REFERENCES

1. Bold KW, Jatlow P, Fucito LM, et al. Evaluating the effect of switching to non-menthol cigarettes 
among current menthol smokers: an empirical study of a potential ban of characterising menthol 
flavour in cigarettes. Tob Control 2020;29:624–30. [PubMed: 31685586] 

2. Buckell J, Marti J, Sindelar JL. Should flavours be banned in cigarettes and e-cigarettes? Evidence 
on adult smokers and recent quitters from a discrete choice experiment. Tob Control 2019;28:168–
75.

3. Cadham CJ, Sanchez-Romero LM, Fleischer NL, et al. The actual and anticipated effects of a 
menthol cigarette ban: a scoping review. BMC Public Health 2020;20:1055. [PubMed: 32641026] 

4. Chaiton MO, Nicolau I, Schwartz R, et al. Ban on menthol-flavoured tobacco products predicts 
cigarette cessation at 1 year: a population cohort study. Tob Control 2020;29:341–7. [PubMed: 
31147474] 

5. Levy DT, Meza R, Yuan Z, et al. Public health impact of a US ban on menthol in cigarettes 
and cigars: a simulation study. Tob Control 2021. doi:10.1136/tobaccocontrol-2021-056604. [Epub 
ahead of print: 02 Sep 2021].

6. American Cancer Society. Cancer Facts & Figures for African Americans, 2017–2019 . Atlanta, 
GA: American Cancer Society, 2020.

7. Cunningham TJ, Croft JB, Liu Y, et al. Vital Signs: Racial Disparities in Age-Specific Mortality 
Among Blacks or African Americans -United States, 1999–2015. MMWR Morb Mortal Wkly Rep 
2017;66:444–56. [PubMed: 28472021] 

8. Haiman CA, Stram DO, Wilkens LR, et al. Ethnic and racial differences in the smoking-related risk 
of lung cancer. N Engl J Med 2006;354:333–42. [PubMed: 16436765] 

9. Leventhal AM, Miech R, Barrington-Trimis J, et al. Flavors of e-cigarettes used by youths in the 
United States. JAMA 2019;322:2132–4. [PubMed: 31688891] 

10. Soneji SS, Knutzen KE, Villanti AC. Use of flavored e-cigarettes among adolescents , young 
adults, and older adults: findings from the population assessment for tobacco and health study. 
Public Health Rep 2019;134:282–92. [PubMed: 30857471] 

Nollen et al. Page 6

Tob Control. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



11. Truth Initiative. New federal data: Flavored e-cigarettes continue to drive 
youth vaping epidemic, with disposable use up 1,000% among high schoolers, 
2020. Available: https://truthinitiative.org/research-resources/emerging-tobacco-products/new-
federal-data-flavored-e-cigarettes-continue-drive [Accessed 6 Jul 2021].

12. Wang TW, Neff LJ, Park-Lee E, et al. E-cigarette Use Among Middle and High School Students 
-United States, 2020. MMWR Morb Mortal Wkly Rep 2020;69:1310–2. [PubMed: 32941408] 

13. Hartmann-Boyce J, McRobbie H, Lindson N, et al. Electronic cigarettes for smoking cessation. 
Cochrane Database Syst Rev 2020.

14. National Academies of Sciences E, Medicine. Public health consequences of e-cigarettes. 
Washington, DC: The National Academies Press, 2018.

15. Wang RJ, Bhadriraju S, Glantz SA. E-Cigarette use and adult cigarette smoking cessation: a 
meta-analysis. Am J Public Health 2021;111:230–46. [PubMed: 33351653] 

16. McKenna S. Banning flavored e-cigarettes could have unintended public health consequences. 
R Street Policy Study 2021;222:2021 https://wwwrstreetorg/wpcontent/uploads/2021/03/Updated-
Final-No-222-pdf

17. Delnevo CD, Giovenco DP, Villanti AC. Assessment of menthol and Nonmenthol cigarette 
consumption in the US, 2000 to 2018. JAMA Netw Open 2020;3:e2013601.

18. Klausner K. Menthol cigarettes and smoking initiation: a tobacco industry perspective. Tob Control 
2011;20(Suppl 2):ii12–19.

19. Kreslake JM, Wayne GF, Connolly GN. The menthol smoker: tobacco industry research on 
consumer sensory perception of menthol cigarettes and its role in smoking behavior. Nicotine Tob 
Res 2008;10:705–15. [PubMed: 18418792] 

20. Gardiner PS. The African Americanization of menthol cigarette use in the United States. Nicotine 
Tob Res 2004;6(Suppl 1):55–65. [PubMed: 14982688] 

21. Goldenson NI, Augustson EM, Shiffman S. Differences in switching away from cigarettes and 
JUUL use characteristics among adult menthol and nonmenthol smokers who purchased the JUUL 
system. Drug Alcohol Depend 2022;231:109238.

22. Giovenco DP. Different Smokes for different folks? E-cigarettes and tobacco disparities. Am J 
Public Health 2019;109:1162–3. [PubMed: 31390250] 

23. Pulvers K, Nollen NL, Rice M, et al. Effect of pod e-cigarettes vs cigarettes on carcinogen 
exposure among African American and Latinx smokers. JAMA Netw Open 2020;3:e2026324.

24. Goldenson NI, Buchhalter AR, Rubinstein ML. Differences in the appeal of the JUUL system 
in four flavors between smokers of mentholated and nonmentholated combustible cigarettes. 
Presented at the annual meeting of the Society for nicotine and tobacco research, 2020.

25. Gravely S, Cummings KM, Hammond D, et al. The association of e-cigarette flavors with 
satisfaction, enjoyment, and trying to quit or stay abstinent from smoking among regular adult 
Vapers from Canada and the United States: findings from the 2018 ITC four country smoking and 
Vaping survey. Nicotine Tob Res 2020;22:1831–41. [PubMed: 32449933] 

26. Li L, Borland R, Cummings KM. How does the use of flavored nicotine vaping products relate 
to progression towards quitting smoking? Findings from the 2016 and 2018 ITC 4CV surveys. 
Nicotine Tob Res 2021.

27. Pulvers K, Nollen NL, Rice M, et al. Effect of pod e-cigarettes vs cigarettes on carcinogen 
exposure among African American and Latinx smokers: a randomized clinical trial. JAMA Netw 
Open 2020;3:e2026324.

28. Sobell LC, Sobell MB. Timeline followback: user’s guide. Addiction Research Foundation, 1996.

29. Brown RA, Burgess ES, Sales SD, et al. Reliability and validity of a smoking timeline follow-back 
interview. Psychol Addict Behav 1998;12:101–12.

30. Arnold MJ, Nollen NL, Mayo MS, et al. Harm reduction associated with dual use of cigarettes 
and e-cigarettes in black and Latino smokers: secondary analyses from a randomized controlled 
e-cigarette switching trial. Nicotine Tob Res 2021;23:1972–6. [PubMed: 33837422] 

31. Cappelleri JC, Bushmakin AG, Baker CL, et al. Confirmatory factor analyses and reliability of the 
modified cigarette evaluation questionnaire. Addict Behav 2007;32:912–23. [PubMed: 16875787] 

32. St Helen G, Shahid M, Chu S, et al. Impact of e-liquid flavors on e- cigarette vaping behavior. 
Drug Alcohol Depend 2018;189:42–8. [PubMed: 29879680] 

Nollen et al. Page 7

Tob Control. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://truthinitiative.org/research-resources/emerging-tobacco-products/new-federal-data-flavored-e-cigarettes-continue-drive
https://truthinitiative.org/research-resources/emerging-tobacco-products/new-federal-data-flavored-e-cigarettes-continue-drive
https://wwwrstreetorg/wpcontent/uploads/2021/03/Updated-Final-No-222-pdf
https://wwwrstreetorg/wpcontent/uploads/2021/03/Updated-Final-No-222-pdf


33. St Helen G, Dempsey DA, Havel CM, et al. Impact of e-liquid flavors on nicotine intake and 
pharmacology of e-cigarettes. Drug Alcohol Depend 2017;178:391–8. [PubMed: 28704768] 

34. West R. Using Bayesian analysis for hypothesis testing in addiction science. Addiction 
2016;111:3–4. [PubMed: 26487081] 

35. Goldenson NI, Shiffman S, Hatcher C, et al. Switching away from cigarettes across 12 months 
among adult smokers purchasing the JUUL system. Am J Health Behav 2021;45:443–63. 
[PubMed: 33894794] 

36. Kasza KA, Goniewicz ML, Edwards KC, et al. E-Cigarette flavors and frequency of e-cigarette use 
among adult dual users who attempt to quit cigarette smoking in the United States: longitudinal 
findings from the path study 2015/16–2016/17. Int J Environ Res Public Health 2021;18. 
doi:10.3390/ijerph18084373. [Epub ahead of print: 20 04 2021].

37. Yingst JM, Bordner CR, Hobkirk AL, et al. Response to Flavored Cartridge/Pod-Based Product 
Ban among Adult JUUL Users: “You Get Nicotine However You Can Get It”. Int J Environ Res 
Public Health 2020;18. doi:10.3390/ijerph18010207. [Epub ahead of print: 30 12 2020].

38. Rostron BL, Chang JT, Chang CM, et al. Ends flavor preference by menthol cigarette smoking 
status among US adults, 2018–2019. Int J Environ Res Public Health 2020;18. doi:10.3390/
ijerph18010240. [Epub ahead of print: 31 12 2020].

39. Buckell J, Marti J, Sindelar JL. Should flavours be banned in cigarettes and e-cigarettes? Evidence 
on adult smokers and recent quitters from a discrete choice experiment. Tob Control 2018. 
doi:10.1136/tobaccocontrol-2017-054165. [Epub ahead of print: 28 May 2018].

Nollen et al. Page 8

Tob Control. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



What this paper adds

What is already known on this subject

• Racial/ethnic minority smokers, especially black people, are more likely to 

use menthol flavouring when switching to e-cigarettes.

What important gaps in knowledge exist on this topic

• As the US Food and Drug Administration considers regulatory action 

inclusive of menthol-flavoured e-liquids , debate continues about whether a 

ban on menthol e-cigarettes could lead to low rates of switching in these 

groups, disproportionately impacting racial/ethnic minority communities, and 

widening tobacco-related health disparities.

• This secondary data analysis is, to our knowledge, the first to compare 

e-cigarette use and acceptability among black and Latinx menthol smokers 

who used their choice of menthol or non-menthol flavouring (primarily mint 

or mango) while switching to e-cigarettes.

What this study adds

• No clear evidence of effects was found for any of the outcomes of interest. 

Use of both menthol and non-menthol e-cigarettes led to high rates of 

switching, reduction in cigarettes per day, acceptability and comparable e-

liquid consumption.

• Findings require confirmation in a fully powered non-inferiority or 

equivalence study but provide preliminary data to inform regulatory action on 

menthol e-cigarettes that could slow youth and young adult initiation with no 

resulting negative impact in black and Latinx adult menthol cigarette smokers 

interested in switching to e-cigarettes.

Nollen et al. Page 9

Tob Control. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nollen et al. Page 10

Ta
b

le
 1

Sm
ok

in
g 

ou
tc

om
es

 a
m

on
g 

bl
ac

k 
an

d 
L

at
in

x 
ad

ul
t m

en
th

ol
 s

m
ok

er
s 

w
ho

 u
se

d 
m

en
th

ol
 v

er
su

s 
no

n-
m

en
th

ol
-f

la
vo

ur
ed

 e
-c

ig
ar

et
te

s 
fo

r 
sw

itc
hi

ng

M
ea

su
re

M
en

th
ol

 e
-c

ig
ar

et
te

s 
(n

=3
9)

N
on

-m
en

th
ol

 e
-c

ig
ar

et
te

s 
(n

=2
5)

P
 v

al
ue

E
ff

ec
t 

si
ze

*
B

ay
es

 f
ac

to
rs

R
at

e 
of

 s
w

itc
hi

ng
† ,

 n
 (

%
)

 
E

xc
lu

si
ve

 e
-c

ig
ar

et
te

s
10

 (
25

.6
)

8 
(3

2.
0)

0.
75

0.
09

N
A

 
D

ua
l c

ig
ar

et
te

s—
e-

ci
ga

re
tte

s
22

 (
56

.4
)

14
 (

56
.0

)

 
E

xc
lu

si
ve

 c
ig

ar
et

te
s 

(n
o 

e-
ci

ga
re

tte
s)

7 
(1

7.
9)

3 
(1

2.
0)

C
PD

 r
ed

uc
tio

n 
fr

om
 b

as
el

in
e,

 m
ea

n 
(S

D
)‡

−
8.

5 
(1

0.
4)

−
8.

8 
(5

.8
)

0.
87

0.
03

0.
10

C
PD

 a
t w

ee
k 

6,
 m

ea
n 

(S
D

)
3.

6 
(5

.3
)

2.
9 

(3
.6

)
0.

55
0.

15
0.

11

E
-c

ig
ar

et
te

 p
ro

du
ct

 u
se

, g
ra

m
s,

 m
ea

n 
(S

D
)§

9.
2 

(9
.8

)
11

.0
 (

11
.0

)
0.

49
0.

18
0.

12

R
at

e 
of

 s
ub

st
itu

tio
n,

 m
ea

n 
(S

D
)¶

72
.7

%
 (

34
.7

%
)

73
.0

%
 (

37
.9

%
)

0.
98

0.
01

0.
10

Su
bj

ec
tiv

e 
ef

fe
ct

s 
of

 v
ap

in
g,

 m
ea

n 
(S

D
)*

*

 
To

ta
l

4.
6 

(1
.4

)
4.

6 
(1

.3
)

0.
86

0.
00

0.
10

 
Su

bs
ca

le
 1

: v
ap

in
g 

sa
tis

fa
ct

io
n

5.
0 

(1
.3

)
5.

2 
(1

.5
)

0.
56

0.
14

0.
12

 
Su

bs
ca

le
 2

: p
sy

ch
ol

og
ic

al
 r

ew
ar

d
4.

3 
(1

.8
)

3.
9 

(1
.8

)
0.

35
0.

22
0.

15

 
T

hr
oa

t h
it,

 n
 (

%
)

 
To

o 
ha

rs
h

9 
(2

3.
1)

7 
(2

5.
9)

0.
93

0.
04

N
A

 
N

ot
 li

gh
t

3 
(7

.7
)

2 
(7

.4
)

 
Ju

st
 r

ig
ht

27
 (

69
.2

)
18

 (
66

.7
)

 
Fl

av
ou

r, 
n 

(%
)

 
W

is
h 

it 
w

as
 s

w
ee

te
r

9 
(2

3.
1)

6 
(2

2.
2)

0.
32

0.
10

N
A

 
W

is
h 

it 
w

as
 le

ss
 s

w
ee

t
1 

(2
.6

)
3 

(1
1.

1)

 
Ju

st
 r

ig
ht

29
 (

74
.4

)
18

 (
66

.7
)

* C
al

cu
la

te
d 

w
ith

 C
ra

m
er

’s
 V

 f
or

 c
at

eg
or

ic
al

 v
ar

ia
bl

es
 a

nd
 H

ed
ge

’s
 g

 f
or

 c
on

tin
uo

us
 v

ar
ia

bl
es

.

† E
xc

lu
si

ve
 e

-c
ig

ar
et

te
 u

se
 w

as
 d

ef
in

ed
 a

s 
an

y 
us

e 
of

 e
-c

ig
ar

et
te

s,
 n

o 
us

e 
of

 c
ig

ar
et

te
s,

 c
on

fi
rm

ed
 w

ith
 e

xh
al

ed
 c

ar
bo

n 
m

on
ox

id
e 

(C
O

) 
<

6 
pp

m
. D

ua
l u

se
 w

as
 d

ef
in

ed
 a

s 
co

nc
ur

re
nt

 s
el

f-
re

po
rt

ed
 u

se
 o

f 

ci
ga

re
tte

s 
an

d 
e-

ci
ga

re
tte

s.
 T

ho
se

 w
ho

 r
ep

or
te

d 
ex

cl
us

iv
e 

e-
ci

ga
re

tte
 u

se
 b

ut
 w

ho
 h

ad
 a

 C
O

 o
f 

≥6
 p

pm
 (

de
te

rm
in

ed
 a

 p
ri

or
i)

 w
er

e 
al

so
 c

la
ss

if
ie

d 
as

 d
ua

l u
se

rs
.1

4  
E

xc
lu

si
ve

 c
ig

ar
et

te
 u

se
 w

as
 d

ef
in

ed
 n

o 
us

e 
of

 e
-c

ig
ar

et
te

s 
an

d 
on

ly
 u

se
 o

f 
ci

ga
re

tte
s 

in
 th

e 
pa

st
 7

 d
ay

s.

‡ C
PD

 d
id

 n
ot

 d
if

fe
r 

at
 b

as
el

in
e 

in
 th

e 
m

en
th

ol
 e

-c
ig

ar
et

te
 (

12
.1

±
8.

8)
 o

r 
no

n-
m

en
th

ol
 e

-c
ig

ar
et

te
 g

ro
up

s 
(1

1.
9±

5.
8)

 (
p=

0.
96

).

§ R
ep

re
se

nt
ed

 a
s 

th
e 

gr
am

s 
of

 e
-l

iq
ui

d 
co

ns
um

ed
 o

ve
r 

th
e 

6-
w

ee
k 

st
ud

y 
pe

ri
od

 (
on

e 
po

d=
0.

57
 g

).

Tob Control. Author manuscript; available in PMC 2024 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nollen et al. Page 11
¶ R

ep
re

se
nt

s 
th

e 
pr

op
or

tio
n 

of
 c

on
su

m
pt

io
n 

de
ri

ve
d 

fr
om

 e
-c

ig
ar

et
te

s.
 C

al
cu

la
te

d 
by

 d
iv

id
in

g 
th

e 
to

ta
l a

m
ou

nt
 o

f 
e-

liq
ui

d 
co

ns
um

ed
 in

 th
e 

pa
st

 7
 d

ay
s 

at
 w

ee
k 

6,
 d

er
iv

ed
 b

y 
ta

ki
ng

 th
e 

w
ei

gh
t o

f 
re

tu
rn

ed
 J

U
U

L
 p

od
s 

an
d 

co
nv

er
tin

g 
gr

am
s 

of
 e

-l
iq

ui
d 

in
to

 c
ig

ar
et

te
 e

qu
iv

al
en

ts
 (

on
e 

po
d=

0.
57

 g
 a

nd
 is

 e
qu

iv
al

en
t t

o 
20

 c
ig

ar
et

te
s)

 a
nd

 d
iv

id
in

g 
by

 th
e 

su
m

 o
f 

to
ta

l c
ig

ar
et

te
 a

nd
 e

-c
ig

ar
et

te
 c

on
su

m
pt

io
n 

(e
-c

ig
ar

et
te

/c
ig

ar
et

te
+

e-
ci

ga
re

tte
).

 A
 p

ro
po

rt
io

n 
of

 7
3%

, f
or

 e
xa

m
pl

e,
 m

ea
ns

 th
at

 7
3%

 o
f 

to
ta

l t
ob

ac
co

 c
on

su
m

pt
io

n 
at

 w
ee

k 
6 

w
as

 f
ro

m
 e

-c
ig

ar
et

te
s.

**
M

ea
su

re
d 

at
 b

as
el

in
e 

(n
=

68
) 

af
te

r 
tr

yi
ng

 e
-c

ig
ar

et
te

s.
 R

an
ge

 is
 f

ro
m

 1
 to

 7
 w

ith
 h

ig
he

r 
sc

or
es

 in
di

ca
tin

g 
gr

ea
te

r 
(i

e,
 m

or
e 

sa
tis

fy
in

g)
 s

ub
je

ct
iv

e 
ef

fe
ct

s.

C
PD

, c
ig

ar
et

te
s 

pe
r 

da
y;

 N
A

, N
ot

 A
pp

lic
ab

le
.

Tob Control. Author manuscript; available in PMC 2024 November 01.


	Abstract
	INTRODUCTION
	METHODS
	Measures
	Statistical analyses

	RESULTS
	DISCUSSION
	References
	Table 1

