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Abstract
Background  Menthol cigarette use remains a large public health problem and disproportionately affects Black 
adults in the United States. The Food and Drug Administration has proposed prohibiting menthol flavor in cigarettes 
to protect public health. However, e-cigarettes are available in menthol flavor and are a popular alternative product 
adults might switch to if menthol is prohibited in cigarettes. Research is needed to understand how availability of 
menthol (vs. tobacco) flavored e-cigarettes could impact cigarette use among adults who smoke menthol cigarettes.

Methods  We will recruit 150 adults who currently smoke menthol cigarettes and will randomize them to 1 of 3 
conditions modeling different regulatory scenarios. We will recruit equal numbers of participants identifying as 
Black vs. non-Black and will stratify randomization by race. To promote standardization and adherence, cigarette 
and e-cigarette products will be provided for 8 weeks based on the assigned condition: (A) no menthol restriction 
(menthol cigarette and menthol flavored e-cigarette), (B) menthol prohibited in cigarettes only (non-menthol 
cigarette and menthol flavored e-cigarette), (C) menthol prohibited in both cigarettes and e-cigarettes (non-menthol 
cigarette and tobacco flavored e-cigarette). A follow-up visit will occur at week 12 to assess tobacco use status. The 
study aims are to (1) examine the impact of prohibiting menthol flavor in cigarettes and e-cigarettes on smoking 
behavior and (2) investigate whether outcomes differ by race to understand the impact of menthol policies on Black 
(vs. non-Black) individuals given high rates of menthol cigarette use in this population. The primary outcome will 
evaluate changes in the number of cigarettes smoked per day during the 8-week study period and will examine 
differences by regulatory scenario. Secondary outcomes will compare percent days smoke-free, changes in nicotine 
dependence, and motivation, confidence, and intentions to quit smoking by the regulatory scenarios. We will 
examine whether changes in the outcomes differ by Black vs. non-Black participants to compare the magnitude of 
the effect of the various menthol policy scenarios by race.

Discussion  Results will contribute critical information regarding menthol in cigarettes and e-cigarettes to inform 
regulatory policies that maximize reductions in cigarette smoking and reduce tobacco-related health disparities.

Trial registration  NCT05259566. Yale IRB protocol #2000032211, last approved 12/8/2023.
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Background
Cigarette smoking remains the leading cause of prevent-
able death worldwide [1, 2]. Although the overall rate of 
cigarette smoking among adults has declined in recent 
years, menthol cigarette use has not decreased at the 
same rate as non-menthol cigarette use [3, 4], and men-
thol cigarette use remains a serious public health prob-
lem. Use of menthol cigarettes is associated with greater 
nicotine dependence and lower rates of successful cessa-
tion [5, 6]. Furthermore, rates of menthol cigarette use 
in the United States are highest among Black people [4], 
contributing to tobacco-related health disparities in this 
population [7]. More focused and rigorous tobacco con-
trol policies are needed to address menthol cigarette use.

The World Health Organization has recommended 
prohibiting menthol and other flavors in cigarettes [8], 
and these policies have been enacted in several coun-
tries worldwide [9, 10]. In the United States, the Food 
and Drug Administration (FDA) has the authority to 
regulate the manufacturing, marketing, and distribu-
tion of tobacco products. When the US Tobacco Control 
Act prohibited the sale of cigarettes with characteriz-
ing flavors in 2009, menthol cigarettes were exempt. In 
May 2022, the FDA proposed a product standard to 
prohibit menthol as a characterizing flavor in cigarettes 
[11], although the timeline of enforcement is currently 
unknown.

Strong scientific evidence is essential for supporting 
these regulatory policies, and accumulating evidence 
indicates prohibiting menthol flavor in cigarettes would 
benefit public health [12, 13]. Studies have assessed the 
potential impact of this policy on smoking behavior 
using surveys [14, 15], population-level simulations [16], 
and observations from other countries that have already 
enacted a policy prohibiting menthol in cigarettes [15, 
17]. Findings indicate this policy would reduce cigarette 
use and increase quit attempts [18]. To provide further 
real-world empirical evidence on the effects of pro-
hibiting menthol cigarettes, we developed and tested a 
within-person product-switching clinical research para-
digm, wherein adults who smoke menthol cigarettes are 
switched to non-menthol cigarettes to test the effects 
on real-world smoking behavior. Our pilot work indi-
cated that after switching from menthol to non-menthol 
cigarettes, individuals smoked fewer cigarettes per day, 
had lower nicotine dependence, and greater motivation 
and confidence to quit smoking [19]. Moreover, initial 
findings by race indicated greater reductions in smok-
ing among Black vs. non-Black participants [19]. These 
results provide further support for tobacco regulatory 
policies prohibiting menthol cigarettes and indicate such 

policies may reduce cigarette use and improve public 
health.

To date, the FDA has proposed product standards on 
combustible tobacco products (i.e., prohibiting character-
izing menthol flavor in cigarettes and all flavors in cigars 
[11, 20]) to reduce appeal and use, but has not extended 
this policy to restrict menthol flavors in non-combustible 
products including e-cigarettes. Additional research is 
needed to inform evidence-based policies for menthol 
flavor in e-cigarettes. Following the Deeming Rule in 
2016, the FDA now has the authority to regulate the fla-
vors available in e-cigarettes [21]. The FDA is currently 
reviewing the evidence on flavored e-cigarettes and has 
published guidance prioritizing enforcement against the 
sale of e-cigarette flavors that are popular among youth 
(e.g., fruit, candy) in cartridge-based (“pod”) devices, but 
allowing for the continued sale of tobacco and menthol 
flavored e-cigarettes [22, 23]. However, few studies have 
examined the role of e-cigarette flavors in pod devices on 
smoking behavior among adults [24].

E-cigarettes are the most commonly used non-cigarette 
tobacco product among adults, and over 11  million US 
adults currently use e-cigarettes [25]. Thus, e-cigarettes 
are a common alternative tobacco product that adults 
might switch to as a replacement for cigarettes in the 
context of a policy prohibiting menthol cigarettes. Addi-
tionally, pod devices have more efficient nicotine delivery 
than earlier generation e-cigarettes, and may be a better 
substitute for cigarettes for adults who smoke [26, 27]. 
There is evidence that switching completely from com-
bustible cigarettes to e-cigarettes has the potential to 
encourage cessation of combustible cigarettes and reduce 
exposure to toxicants [28, 29]. Furthermore, studies sug-
gest that adults who smoke menthol cigarettes (vs. those 
who smoke non-menthol) are more likely to use e-cig-
arettes [30], potentially as a way to stop or reduce ciga-
rette smoking [31], and a pilot study modeling a menthol 
cigarette ban indicates that adults who smoke menthol 
cigarettes may select e-cigarettes in conditions where 
menthol is banned in cigarettes [32]. Thus, research is 
needed to investigate the role of e-cigarette flavors in the 
context of a menthol cigarette ban to better understand 
the impact of tobacco and menthol flavored e-cigarettes 
on smoking behavior.

The current study will provide new information by 
modeling the effect of potential policies prohibiting char-
acterizing menthol flavor in cigarettes, e-cigarettes, or 
both products and will examine the impact on real-world 
smoking behavior. We will adapt our product-switching 
paradigm and randomize adults who smoke menthol 
cigarettes to 1 of 3 groups for 8 weeks of product use to 
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model the impact of three different regulatory scenarios: 
(A) no menthol restriction (usual menthol cigarettes and 
menthol flavored e-cigarette available), (B) menthol pro-
hibited in cigarettes only (non-menthol cigarettes and 
menthol flavored e-cigarette available), and (C) menthol 
prohibited in both cigarettes and e-cigarettes (non-men-
thol cigarettes and tobacco flavored e-cigarette available). 
An 8-week exposure to the possible regulatory scenarios 
was selected to be consistent with other seminal tobacco 
regulatory studies that evaluated effects of switching to 
an alternative tobacco product for 6–8 weeks [33–35]. 
Significant changes in smoking behavior in these stud-
ies were evident 2–4 weeks after switching to an alterna-
tive tobacco product [33–35], consistent with the results 
observed in our initial study [19]. Thus, 8-weeks of expo-
sure will allow us to examine the durability of these initial 
changes.

Aim 1 of the study will examine the impact of prohibit-
ing menthol flavor in cigarettes and e-cigarettes on smok-
ing behavior. The primary outcome will evaluate changes 
in the number of cigarettes smoked per day during the 
8-week exposure to the regulatory scenarios. We hypoth-
esize (1) greater reductions in cigarette use in the sce-
narios prohibiting menthol cigarettes (groups B/C) vs. no 
menthol restriction (group A) and (2) the greatest reduc-
tions in cigarettes per day where menthol is prohibited 
in cigarettes but where menthol e-cigarettes are available 
as a substitute (group B) compared with groups A and C. 
Secondary outcomes will compare percent days smoke-
free, changes in nicotine dependence, and motivation, 
confidence, and intentions to quit smoking across the 
regulatory scenarios. Exploratory outcomes will examine 
percent days of e-cigarette use during the 8-week period 
as well as continued product use and quit attempts at a 
follow-up visit at week 12. Aim 2 will investigate whether 
outcomes differ by race to understand the impact of the 
menthol policies on Black vs. non-Black individuals given 
high rates of menthol cigarette use among Black adults. 
This project will provide critical information to under-
stand whether continued availability of menthol (vs. 
tobacco) flavor in e-cigarettes will lead to greater reduc-
tions in cigarette use and complete switching in the con-
text of a policy prohibiting menthol cigarettes. Findings 
will provide timely and critical evidence to inform regu-
latory actions regarding menthol flavor in cigarettes and 
e-cigarettes.

Methods
Study design
A randomized controlled trial funded by the National 
Institute on Drug Abuse of the National Institutes of 
Health will be conducted (R01DA054993). Participants 
will be allocated prospectively to 1 of 3 conditions.

Ethics approval
Ethical approval for the human subjects procedures of 
this trial was obtained from the Yale University Institu-
tional Review Board Human Investigation Committee 
(HIC approval #2000032211. The Yale IRB will conduct 
continuing review of the protocol every 6 months. Any 
protocol modifications will be submitted to the Yale IRB 
for review prior to implementation.

Participants
We will recruit 150 adults (21 years or older) from the 
community around New Haven, Connecticut, who cur-
rently smoke menthol cigarettes. We will use recruitment 
strategies including flyers, online and print advertise-
ments, and word-of-mouth. Additionally, we will partner 
with the Yale Center for Clinical Investigation (YCCI) 
cultural ambassadors that serve as liaisons to the com-
munity to support community-based recruitment for 
research projects. We aim to recruit equal numbers of 
participants who identify as Black vs. non-Black and will 
stratify randomization by race to ensure equivalent rep-
resentation across conditions. Every effort will be made 
to recruit equal numbers of sexes, and we will compare 
responses between sexes as appropriate for each aim.

Eligibility criteria: Inclusion Criteria: (1) age 21 or 
older, (2) report smoking at least 5 cigarettes per day for 
at least the past 6 months, (3) report currently smoking 
menthol cigarettes, (4) baseline tobacco use status bio-
chemically confirmed with urine cotinine levels (> 200ng/
ml), (5) willing to try e-cigarettes, (6) English speaking, 
(7) willing to complete study procedures.

Exclusion Criteria: (1) seeking smoking cessation treat-
ment or currently trying to quit smoking; (2) reporting a 
serious, unstable psychiatric condition (e.g., bipolar dis-
order, schizophrenia), (3) reporting a serious, unstable 
physical health condition that would increase risk of 
study participation determined by medical history inter-
view and review by study physician (e.g., past or present 
cardiac problems, respiratory problems, overnight hospi-
talization in the past 3 months), (4) current criteria for 
DSM-5 moderate or severe cannabis use disorder, (5) 
current use of other psychoactive substances confirmed 
by urine drug screening, unless prescribed and stable 
for 2 months, (6) living with someone who currently 
smokes menthol cigarettes, to reduce access to preferred 
cigarettes during the switching phase of the study, con-
sistent with our pilot [19], (7) known allergy to PG/VG in 
e-liquid, (8) female participants will be excluded if they 
are currently pregnant, planning to become pregnant, 
breastfeeding, or unwilling to use an effective method of 
birth control for the duration of the study, (9) abnormal 
spirometry test, (10) if reporting recent cannabis vaping 
(past 90 days), additional exclusion will be any report of 
mild or greater EVALI-related symptoms (e.g., cough, 
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shortness of breath, chest pain) without non-EVALI rea-
sonable and proximal cause.

Procedures
Screening and consent  Interested participants who con-
tact the research team by telephone or email will have the 
option to complete a brief pre-screening survey by phone 
or online. Before completing the pre-screening survey, 
participants will provide informed consent to complete 
the screening process. At each stage of the screening, 
participants will have the opportunity to ask questions. 
Participants will be told this is not a treatment study, and 

if they wish to quit tobacco use at any point during the 
screening process or study participation, cessation referral 
resources will be provided to them. Following completion 
of the pre-screener, potential participants who meet ini-
tial eligibility criteria will be invited to complete an intake 
appointment with the research assistant who will obtain 
written informed consent for study participation and 
screen for inclusion/exclusion criteria. Table  1 presents 
the study assessments by timepoint. Following informed 
consent, intake assessments will be administered to screen 
for eligibility. Assessments include (1) demographic infor-
mation, (2) smoking history and a timeline-follow-back 
interview to assess tobacco use including smoking quan-

Table 1  Study assessments
TIMEPOINT Intake Week 

− 1
Week 
0

Week 
2

Week 
4

Week 
6

Week 
8

Week 
12

Enrollment
Eligibility screening x
Informed Consent x
Randomization x
Interventions
Usual brand menthol cigarettes available x
Cigarettes and e-cigarettes available by regulatory scenario: (A) no menthol ban, 
(B) menthol ban in cigarettes only, or (C) menthol ban in both cigarettes and 
e-cigarettes

x x x x x

Assessments
Demographics x
Tobacco use history x
Medical history interview x
Mood (anxiety GAD-7a, depression PHQ-8b) x
Quality of lifec x x
Racial trauma and discrimination (TSDSd) and ethnic identity (MEIMe) x
Timeline follow-back interviewf (cigarettes, e-cigarettes, cannabis and other 
tobacco products)

x x x x x x x x

Nicotine dependence (cigarette and e-cigarette PROMIS measures)g,h x x x x
Wisconsin Inventory of Smoking Dependence Motives (WISDM-37)i x x
Time to first cigarette (FTND)j x x x x x
Cigarette quitting motivation and confidencek x x x
Product satisfaction (Modified cigarette evaluation scale, modified e-cigarette 
evaluation scale)l,m

x x x x x

Product cravingn (cigarette, e-cigarette) x x x x x x
Nicotine withdrawal (Minnesota Nicotine Withdrawal Scaleo) x x x x x x
Health and safety assessment x x x x x x x
Protocol adherence measures (spent cigarette filters, e-cigarette pods, use of 
other mentholated products)

x x x x x x x

Biochemical measures
Urine pregnancy test x x x x x x x
Urine biomarkers (cotinine, total nicotine equivalents, menthol glucuronide) x x x x
Expired breath carbon monoxide (CO) x x x x x x x x
Spirometer lung function test x x x x x x x
Footnotes:
aGeneralized Anxiety Disorder-7 (GAD-7) [47]; bPatient Health Questionnaire-8 (PHQ-8): 8-item version adapted from the PHQ-9 [48]; cQuality of Life [49]; dTrauma 
Symptoms of Discrimination Scale (TSDS) [50]; eMultigroup Ethnic Identity Measure (MEIM) [51, 52]; fTimeline Follow Back Interview (TLFB) [42]; gPROMIS measure 
of nicotine dependence [53]; hPROMIS measure of e-cigarette dependence [45]; iWisconsin Inventory of Smoking Dependence Motives (WISDM-37) [54, 55]; 
jFagerstrom Test for Nicotine Dependence (FTND) [56]; kQuitting motivation and confidence: Rated from 1 (not at all) to 10 (extremely) from the PhenX toolkit; lModified 
Cigarette Evaluation Questionnaire (MCEQ) [57]; mModified E-Cigarette Evaluation Questionnaire (MECEQ) [58]; nCraving measured with 2-items from the Mood and 
Physical Symptoms Scale (MPSS) [59]; oMinnesota Nicotine Withdrawal Scale (MNWS) [60]
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tity and frequency such as number of cigarettes per day 
and number of years smoked, (3) expired breath carbon 
monoxide (CO) measured in parts per million, (4) a urine 
sample for screening for cotinine, pregnancy, and recent 
drug use, and (5) a health interview to rule out high-risk 
participants with unstable conditions. Eligible individu-
als who consent to participate will complete the following 
study activities described below.

Randomization  Participants will be randomized to 1 
of 3 study conditions modeling different regulatory sce-
narios using stratified block randomization. We will use 
a randomization ratio of 1:1:1 to assign N = 50 per condi-
tion. The study biostatistician will create the randomiza-
tion list that will be stratified by smoking heaviness (≤ 10 
or > 10 cigarettes per day) and race (Black vs. non-Black) 
to ensure equivalent representation across groups. To 
avoid randomized non-starters and potential bias due to 
differential early attrition from prior knowledge of group 
assignment, randomization will occur at the time of visit 
0 when participants first receive tobacco products specific 
to their assigned condition, and neither the research assis-
tant nor participant will know the assignment in advance.

Visit schedule  Following the intake, enrolled partici-
pants will complete research assessments at week − 1, 0, 
2, 4, 6, 8, and 12. To promote standardization and adher-
ence, cigarette and e-cigarette products will be provided 
for the study duration based on the assigned condition. At 
week − 1, all participants will be provided with their usual 
brand menthol cigarettes to smoke for one week (Phase I) 
and then will receive tobacco products in line with their 
assigned regulatory scenario for 8 weeks (Phase II) (see 
Fig. 1 for study timeline). Providing cigarette and e-cig-
arette products in both phases encourages adherence to 
the assigned study condition and controls for the possibil-
ity that free products might influence use (as seen in other 
studies [34]). This way, cost of cigarettes and e-cigarettes 

is removed as a factor that can potentially influence differ-
ences in smoking behavior from Phase I to Phase II.

Product use instructions and safety monitoring  Par-
ticipants will be told to only use the tobacco products 
we provide during the study. All participants will receive 
standardized instructions on how to use the e-cigarette. 
Participants will be educated on the device features and 
will complete 3 observed puffs when they first receive the 
e-cigarette to ensure everyone has tried the device and 
knows how it works. Further, individuals will be encour-
aged to try the e-cigarette during the 8-week ad-lib period 
as a substitute for cigarettes. We will inform participants 
about the potential risks of dual use of cigarettes and 
e-cigarettes and will discuss possible signs of too much 
nicotine exposure (e.g., nausea, vomiting, dizziness). We 
will instruct participants to reduce their cigarette and/
or e-cigarette use if they experience any of these symp-
toms. A standardized assessment of health symptoms will 
be assessed at each visit and any adverse events will be 
documented. In consultation with the study physician, 
research staff may switch participants to a lower nicotine 
concentration e-cigarette (3% instead of 5%) if necessary, 
in response to adverse events. If an adverse event occurs, 
the PI will review and determine the attribution and grade 
of severity. While serious adverse events (SAEs) or other 
problems are not anticipated, serious and unanticipated 
and related adverse events or unanticipated problems 
involving risks to participants or others will be reported 
within 48 h to the Yale IRB and within 72 h to the relevant 
Serious Adverse Event Tracking and Reporting System at 
NIDA/NIH.

Product adherence  We will collect any remaining ciga-
rettes or e-cigarettes from participants prior to giving 
study products. We will provide participants with instruc-
tions on how to save and return spent cigarette filters and 
e-cigarette pods so the count of used product can be veri-
fied by research staff, procedures that are well-established 

Fig. 1  Study design
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and have been utilized previously to verify adherence [19, 
36]. Participants will be incentivized to return the spent 
cigarette filters and used/unused e-cigarette pods with a 
possible bonus payment each week. Importantly, partici-
pants are paid this bonus for returning the spent cigarette 
filters/e-cigarette pods regardless of adherence to the 
assigned condition to encourage honest reporting, which 
was useful for obtaining accurate measures of adherence 
in our pilot [19].

End of study  At the week 8 study visit, we will have par-
ticipants return any unused cigarettes, the e-cigarette 
device, and any unused e-cigarette pods. We do this both 
so that we can properly dispose of the products and so 
we can quantify use by counting used/unused cigarettes/
pods. We will incentivize returning the products with 
a bonus payment, so in the case that a participant has 
stopped cigarette use completely and desires to continue 
using e-cigarette to prevent a return to cigarette smok-
ing, the study earnings can be used to purchase their 
own device. Although this is not a treatment study, we 
will provide all participants with a list of tobacco cessa-
tion resources at the end of the study and provide a brief 
motivational interviewing session to review the benefits 
of stopping smoking. If participants are using both prod-
ucts, we will discuss potential harms of dual use of ciga-
rettes and e-cigarettes and advise them to stop cigarette 
use completely and seek additional evidence-based sup-
port to stop smoking. We will conduct a brief follow-up 
survey 4 weeks later (week 12) to assess tobacco use out-
comes following exposure to the regulatory scenario once 
tobacco products are no longer provided.

Retention  We will promote participant retention by pro-
viding compensation at each visit and providing options 
to meet at a convenient location for the participant or 
providing free parking and payment for travel to the 
office. We will maintain consistent contact via email, text 
message and phone calls from enrollment through follow-
up study visits, and participants will receive reminders 
in advance of their study visits. We will emphasize the 
importance of follow-up and ask participants to inform 
of us of any changes to their contact information over the 
course of the study. At the start of the study, we will also 
request contact information for two people who always 
know how to get in touch with the participant to use only 
in the event that the participant cannot be contacted at 
follow-up time points. These sources are used to obtain 
forwarding addresses or phone numbers in the event that 
contact information for a participant has changed. Fur-
thermore, if necessary, we have established procedures 
for obtaining outcome data on cigarette and e-cigarette 
use and survey information remotely via phone, secure 

Zoom video conferencing, and secure Yale Qualtrics sur-
vey links.

Interventions

A.	No menthol restriction: Participants randomized to 
the regulatory scenario with no menthol restriction 
will continue to receive their usual menthol cigarettes 
and a menthol-flavored e-cigarette. This was selected 
as a control condition because it models the current 
status quo scenario where there is no prohibition of 
menthol in either product. This design also allows for 
consistency across conditions since all participants 
will have access to both cigarettes and e-cigarette 
products with the primary difference being the flavor 
of the products. We selected commercially-available 
pod e-cigarettes in 5% nicotine salt concentration 
for this study for several reasons. These are the most 
popular e-cigarettes on the market [37, 38], and 
they have a nicotine pharmacokinetic profile like 
that of combustible cigarettes with more favorable 
subjective ratings than other e-cigarettes [27, 39], 
which may make them a more acceptable substitute 
for adults who smoke cigarettes. Additionally, pod 
e-cigarette devices have design features that enhance 
ease of use, consistency of experience, and safety 
for the user. These e-cigarettes are small, do not 
require knowledge of modifying temperature/voltage 
controls, and are a closed system, meaning the device 
and e-liquids are not modifiable by the participant 
and it does not require refilling e-liquid cartridges.

B.	 Menthol prohibited in cigarettes: Participants 
randomized to the regulatory scenario with menthol 
flavor prohibited in cigarettes but not e-cigarettes 
will be switched from their usual menthol cigarettes 
to replacement non-menthol cigarettes of the same 
brand (e.g., switching from Newport menthol to 
Newport non-menthol) and will receive a menthol-
flavored e-cigarette. A matched-brand non-menthol 
cigarette comparison was selected based on real-
world evidence from a menthol ban in Canada where 
it was observed that the tobacco industry encouraged 
consumers to maintain brand loyalty and switch to 
their same-brand non-menthol products after the 
ban [40, 41].

C.	Menthol prohibited in cigarettes and e-cigarettes: 
Participants randomized to the regulatory scenario 
with menthol flavor prohibited in cigarettes and 
e-cigarettes will receive matched-brand non-menthol 
cigarettes and a tobacco flavored e-cigarette.
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Measurements
Primary outcome measure  The primary outcome mea-
sure is changes in cigarettes smoked per day. At each 
assessment, participants will report the total number of 
cigarettes consumed each day and the total number of 
times the e-cigarette is used each day using well-validated 
timeline follow-back (TLFB) interview methods [42]. The 
primary outcome will examine the average number of 
cigarettes smoked per day in the past week at visit 0, 2, 
4, 6, and 8 to evaluate changes in smoking behavior by 
regulatory scenario. Additional outcomes will assess the 
percent days smoke-free and percent days of e-cigarette 
use during the 8-week period.

Secondary outcomes  Secondary outcomes will compare 
percent days smoke-free measured via TLFB assessments. 
Additional secondary outcomes include changes in nico-
tine dependence measured by the PROMIS® measure of 
cigarette dependence and a corresponding measure of 
e-cigarette dependence [43–45], and motivation, con-
fidence, and intentions to quit smoking [46] among the 
regulatory scenarios.

Exploratory outcomes  Exploratory outcomes will 
examine percent days of e-cigarette use during the 8-week 
period via TLFB, as well as continued product use and 
quit attempts at the 12-week follow-up. We will explore 
differences in continued cigarette and e-cigarette use 
during the follow-up period and reported quit attempts 
between groups. We will explore differences in e-cigarette 
use, including flavors used, between groups as measures 
of acceptability of the product.

Data collection, monitoring, and statistical plan
Data collection and storage  The proposed study will fol-
low HIPAA guidelines for data collection, management, 
and monitoring to ensure the protection of participant 
information. Self-report data will be collected via Yale 
Qualtrics secure online software to ensure standardized 
assessments. Participant data will be coded by a unique 
subject identification number that does not contain any 
personal identifiers and data will be stored on a password-
protected study computer. The key that links the partici-
pant to their unique subject identification and research 
records and any other electronic records (e.g., screening 
information and contact information) will be stored in a 
locked file on the encrypted study computer. De-identi-
fied data will be stored for analysis and will be available 
for research purposes to qualified individuals within the 
scientific community by request from the PI or through 
an NIH-funded repository.

Data safety monitoring plan  In addition to the oversight 
of the Yale Investigational Review Board (IRB), this proj-

ect will use the existing Yale TCORS Data Safety Moni-
toring Board (DSMB) to provide the highest protection 
for study participants. The composition of the DSMB has 
been constructed following NIH guidelines and includes 
individuals with complementary expertise in tobacco use 
and statistics. The purview of the DSMB includes, but is 
not limited to, the following areas: assessments of data 
quality and timeliness, participant recruitment, retention, 
safety and efficacy data, and protocol compliance.

Data analysis plan  Data analyses will be conducted 
under the supervision of the study biostatistician at the 
end of the trial. No interim analyses are planned. Data on 
quantitative outcomes will be examined for conformity to 
the normal distribution, and if an outcome is not normally 
distributed, we have several options including applying 
transformations or utilizing alternative methods (e.g., 
generalized linear mixed models, nonparametric tests). 
For smoking outcomes that may be best modeled as count 
data, we can use generalized linear mixed models with 
Poisson or negative binomial distributions.

The primary analyses will be based on mixed models 
which use all available data on individuals, are flexible in 
accounting for the correlation structure among observa-
tions on the same individual and provide unbiased and 
efficient estimates when the data are missing at random. 
This approach, therefore, helps to avoid imputing miss-
ing data. The mixed model allows us to obtain unbiased 
and efficient estimates of change over time and between 
group differences. We will also perform sensitivity anal-
yses based on pattern-mixture models to evaluate the 
robustness of our results to missing data assumptions.

Sample size and power calculations  Power was calcu-
lated using PASS software based on effect size estimates 
from pilot data where we detected an average change 
of 2.2 cigarettes, Cohen’s d = 0.68 [19]. To be sufficiently 
powered to detect a similar or smaller effect in the pro-
posed study, we need N = 40 per group to achieve 80% 
power at two-sided alpha level of 0.05. Therefore, we will 
recruit 50 individuals per group for a total of 150 to allow 
up to 20% attrition and still achieve the specified power 
and required sample size of 40 per group. Due to our 
retention efforts, we expect our attrition rate may be even 
lower, as attrition in the initial study was less than the 
estimated 20% (i.e., attrition was 13%). For Aim 1, we will 
have sufficient power to detect a medium-to-large effect 
size (Cohen’s d = 0.64, Cohen’s f = 0.32). This corresponds 
to the ability to detect a difference of at least 2 cigarettes 
per day (SD = 3) or at least a 13% difference in percent days 
smoke-free (SD = 20%), consistent with effect size esti-
mates from our work and other studies [19, 33]. For Aim 
2, data from our initial work indicated differences across 
racial groups with a large effect size estimate (Cohen’s 
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d = 1.21) [19]. With the proposed sample size, we will have 
sufficient power to detect a similar or smaller effect in the 
range of medium-to-large effect sizes (Cohen’s d = 0.64, 
Cohen’s f = 0.32) with 80% power at two-sided alpha level 
of 0.05 for the interactions of interest.

Analysis plan aim 1  Examine the impact of prohibit-
ing menthol flavor in cigarettes and e-cigarettes on 
smoking behavior. We will use mixed model analyses to 
evaluate changes in smoking behavior from Phase I (usual 
menthol cigarettes) to Phase II (assigned regulatory sce-
narios). Outcomes were selected to inform the impact 
of these policies on public health including changes in 
cigarette use, addiction, and appeal/acceptability of the 
alternative product. The primary outcome will evalu-
ate changes in the number of cigarettes smoked per day 
during the 8-week period and will examine differences by 
regulatory scenario. Regulatory scenario (i.e., no menthol 
restriction, menthol prohibited in cigarettes only, men-
thol prohibited in cigarettes and e-cigarettes) will be a 
between-subject factor and time (week 0, 2, 4, 6, 8) will 
be a within-subject factor. The best-fitting variance-cova-
riance matrix will be selected based on Schwartz Bayesian 
Criterion (BIC). We hypothesize (1) greater reductions in 
cigarette use in the context of menthol flavor prohibited 
in cigarettes vs. no menthol cigarette restrictions and (2) 
the greatest reductions in cigarettes per day in the sce-
nario where menthol is prohibited in cigarettes but where 
menthol e-cigarettes remain available to substitute for 
cigarettes. We will use focused contrasts to compare the 
average change in cigarette use between groups to evalu-
ate the effect of prohibiting menthol flavor in cigarettes, 
e-cigarettes, or both products. We will also estimate the 
average change in each group by 95% confidence intervals. 
Secondary outcomes will compare percent days smoke-
free between regulatory scenarios, as well as changes in 
nicotine dependence, motivation and confidence quitting 
smoking, and intentions to quit smoking between groups 
using the same approach. Exploratory outcomes will com-
pare percent days of e-cigarette use during the 8-week 
period, rates of continued product use after products are 
no longer provided, and quit attempts during the follow-
up period to evaluate differences by group. We will use 
0.05 significance level for the primary analysis of each aim 
and Bonferroni-Holm correction for multiple secondary 
and exploratory analyses. Exploratory analyses of sex as 
a potential predictive and moderating factor will also be 
performed by including sex as an additional between-sub-
ject factor in the models. We do not have a priori hypoth-
eses regarding sex effects in this study and will focus on 
providing sex-specific effect estimates to inform future 
studies.

Analysis plan aim 2  Investigate whether outcomes dif-
fer by race to understand the impact of the menthol 
policies on Black individuals given high rates of men-
thol cigarette use in this population. Consistent with our 
initial work, we aim to recruit equal numbers of partici-
pants who identify as Black vs. non-Black and will stratify 
randomization by race. This will allow us to evaluate the 
impact of the various regulatory scenarios separately by 
race and to understand the potential benefit specifically 
for Black individuals who smoke, who are disproportion-
ately impacted by the harms of menthol cigarette use. We 
will examine whether changes in the outcomes differ by 
race by including race as an additional between-subject 
factor in the models above. We will test race*regulatory 
scenario*time interactions to evaluate moderator effects 
and race*time interactions to evaluate race as a predic-
tor of outcome. Planned post-hoc analyses will evaluate 
pairwise differences in changes from Phase I to Phase II 
to compare the magnitude of the effect of the policy sce-
narios separately by race (e.g., the reduction in cigarette 
use for Black participants if menthol is prohibited in ciga-
rettes only vs. both cigarettes and e-cigarettes vs. no policy 
change). If the findings suggest important differences in 
the magnitude of the effect between Black vs. non-Black 
individuals, this can also inform future research aimed 
at examining effects among specific subgroups by race/
ethnicity.

Dissemination plan
Study results will be disseminated through multiple out-
lets such as posting on Clinicaltrials.gov, presentations 
at scientific meetings, and publications in peer-reviewed 
journals. Each author will have participated sufficiently 
in the planning and contribution of the work, writing 
or revising of the draft, and final approval of the version 
to be submitted. As specified in the funding announce-
ment, results will be made available to the FDA to inform 
the regulation of the manufacture, distribution, and 
marketing of tobacco products to protect public health. 
Additionally, study results will be disseminated into the 
community of study as well, such as through partnership 
with the Yale YCCI Cultural Ambassadors.

Discussion
This study will be the first large-scale randomized clini-
cal trial to evaluate the effect of potential policies pro-
hibiting menthol flavor in cigarettes, e-cigarettes, or both 
products among adults who currently smoke menthol 
cigarettes. This study builds on earlier work estimating 
the potential effects of menthol flavor policies with simu-
lation models by examining the effects of these policies 
on real-world smoking behavior among adults, including 
among Black adults who are impacted disproportionately 
by the health consequences of menthol cigarette use.
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This research is being conducted in the context of a 
rapidly changing tobacco product landscape. Therefore, 
protocol changes may need to be made in response to 
changes in federal or state policies regarding menthol 
cigarettes or flavored e-cigarettes. For example, in the 
event that menthol is prohibited in cigarettes during 
the course of this project, we will still be able to provide 
novel data to inform the regulation of flavors in e-ciga-
rettes which is an important area of study in tobacco 
regulatory science. In this case, we would plan to recruit 
individuals who had previously been smoking menthol 
cigarettes but switched to a different cigarette and will 
continue randomizing participants to the two regulatory 
scenarios that model either (1) prohibiting menthol in 
cigarettes only (i.e., non-menthol cigarettes with menthol 
flavored e-cigarettes available) or (2) prohibiting menthol 
in both cigarettes and e-cigarettes (i.e., non-menthol cig-
arettes with tobacco flavored e-cigarettes available). This 
alternative solution will still provide valuable informa-
tion about the impact of the availability of menthol (vs. 
tobacco) flavored e-cigarettes on reductions in cigarette 
use. We will still be adequately powered to make com-
parisons between these scenarios, and by shifting to 2 
scenarios while retaining our total target enrollment, we 
will have higher numbers of individuals in these groups 
than planned which could allow us to evaluate additional 
moderating factors by subgroups, such as sex or age. To 
identify potential moderating factors, we will compare 
randomized individuals before and after the enforcement 
of policies prohibiting menthol flavor in cigarettes to 
evaluate whether there is a shift in characteristics in our 
sample and will explore such factors as potential mod-
erating effects for comparisons between the two regula-
tory scenarios. Furthermore, if there are changes in the 
available flavors in commercially available e-cigarettes 
used for this study, we will work with the FDA to identify 
appropriate products to address the study aims and apply 
for use of menthol and tobacco flavored e-cigarettes 
through an Investigational Tobacco Product application 
for research.

This project will provide critical information to under-
stand whether continued availability of menthol (vs. 
tobacco) flavor in e-cigarettes will lead to greater reduc-
tions in cigarette use and complete switching to e-ciga-
rettes following a policy prohibiting menthol cigarettes. 
Additionally, this study will investigate whether outcomes 
differ by race to understand the impact of the menthol 
policies on Black vs. non-Black individuals given high 
rates of menthol cigarette use among Black adults who 
smoke. Findings will provide timely and critical evidence 
regarding menthol flavor in cigarettes and e-cigarettes to 
inform regulatory actions to maximize reductions in the 
use of combustible cigarettes and reduce tobacco-related 
health disparities.
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