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Abstract

Objectives: To provide much-needed, policy-relevant estimates of alternative flavor bans on
combustible cigarettes (combustibles) and electronic cigarettes (e-cigarettes hereafter) and their
impacts on the demand for both cigarette types. Currently, there is little information on these
impacts. Such information is timely as the FDA is considering banning flavors in e-cigarettes
and/or banning menthol in combustibles.

Participants: A nationally-representative sample of 2,031 adult smokers and recent quitters.
Setting: Data collection is online.

Design/Methods: A discrete choice experiment to generate choice data and to estimate
preferences for flavors and other attributes of both types of cigarettes. Using the estimates, we
predict the impact of alternative flavor bans and compare results to the current treatment of flavors.

Main Outcome Measures: Choices of combustible cigarettes, e-cigarettes or neither of these.

Results: Banning flavors in e-cigarettes, but allowing menthol to remain in combustibles, would
result in the greatest increase in the selection of combustible cigarettes (8.3%); and a decline in the
use of e-cigarettes (11.1%). A ban on menthol combustibles would produce the greatest reduction
(4.8%) in the use of combustibles with an increase in e-cigarettes (3.5%) and “none” (1.3%). A
ban on all flavors but tobacco in both cigarette types would increase the choice of none the most
(5.2%) but would increase combustibles (2.7%) and decrease e-cigarettes (—=7.9%).

Conclusions: A ban on flavored e-cigarettes alone would drive smokers to combustible
cigarettes, arguably the more harmful way of obtaining nicotine. A ban on menthol combustibles
would be more effective in reducing smoking. A ban on all flavors in both cigarette types would
reduce the smoking/vaping rates, but the smoking rate would be higher than the status quo.

Corresponding Author: John Buckell, P.O. Box 208034, New Haven, CT 06520-8034, john.buckell@yale.edu.

1\we combine the categories of sweet and fruit because: together they incorporate many of the flavors of e-cigarettes available;
historically they have been regulated differentially from menthol; and this is consistent with previous literature (Bonhomme et al.,
2016; Huang et al., 2016; Pepper et al., 2016). We also test for the validity of pooling them as explained below.
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Policymakers should use these results to guide the choice of flavor bans in light of their stance on
the potential health impacts both types of cigarettes.

INTRODUCTION

Currently in the U.S., electronic-cigarettes (e-cigarettes) are available in over 7,000 flavors,!
but all flavors except menthol are banned in combustible cigarettes (combustibles). E-
cigarettes, which are relatively new, are increasingly popular in the U.S. but have been
largely unregulated. This is in contrast to combustible cigarettes, which have a very long
history, have become less popular over time, and are now highly regulated by the U.S.
government. The growth in ecigarette use has led to concern over their impacts on the health
of the public and interest in regulating them. Some cities and counties have already
implemented bans on flavored cigarettes of both types. At the national level, the Center for
Tobacco Products (CTP) of the Federal Drug Agency (FDA) has that gained authority over
both cigarettes types and is considering banning flavors in e-cigarettes and menthol in
combustibles.?

With the potential for nationwide flavor bans on e-cigarettes and a ban on menthol in
combustibles, it is important to consider the impact of alternative bans on both combustibles
and e-cigarettes. However, e-cigarette regulation is complicated due to: 1) varying views as
to the extent to which e-cigarettes are less harmful than combustibles,3- and 2) the potential
substitutability or complementarity of combustibles and e-cigarettes as a function of flavors.

The current, stark difference in the availability of flavors by cigarette type could well be
affecting the choice of combustibles, e-cigarettes, or of not using either. Thus, to the extent
that flavors make cigarettes of both types more appealing,’2 alternative flavor bans could
potentiate the public health impact of bans on either cigarette type either positively or
negatively. Specifically, a ban on only flavored e-cigarettes might drive those who like
flavors toward menthol combustibles, the more harmful choice; or towards simply quitting
use of e-cigarettes. Alternatively, a ban on only menthol combustibles might drive menthol
smokers to flavored e-cigarettes, the less harmful type, or simply to quit using combustibles.
Thus, flavor bans could improve, or harm, public health and thus need to be designed
carefully with solid predictions on the potential impacts.

This study provides needed, quantitative information on the likely impact of alternative
flavor bans. Specifically, we provide policy-relevant predictions of the impact of alternative
flavor bans on the choice of combustible cigarettes, e-cigarettes, and neither of these. We
estimate the impacts of a set of five alternative flavor bans on choice of cigarette type as
compared to the status quo (see Table 1).

To examine the potential impacts of alternative flavor ban policies across combustible and e-
cigarettes, we conduct an online discrete choice experiment (DCE). The DCE approach
makes it possible to predict the impact of alternative policies that are not currently in place.
Specifically, we collect data online from a nationally-representative sample of 2,031 U.S.
smokers and recent quitters, ages 18 to 64. Using the data from the experiment and the
accompanying survey that we conduct, we estimate preferences for flavors and cigarette
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types while controlling for other characteristics of both types of cigarettes. We also assess
heterogeneity across individual characteristics. Using these regression results, we predict the
demand for combustibles and e-cigarettes under alternative policies banning flavors. For
each policy, we then predict the percentage of each cigarette type that is selected based on
our model results and calculate the percentage change in choices. Then, we discuss which
flavor policy bans would be optimal under alternative criteria for protecting public health.

We add to the literature in many ways. Most importantly, and in contrast to most of the
literature on flavor bans, we examine the impact of flavor bans, in both types of cigarettes,
on both types of cigarettes. That is, we focus on how flavors (and flavor bans) by cigarette
type affect the complementarity and substitutability of choices across cigarette types.
Specifically, we consider a comprehensive range of flavor ban policies that could reasonably
be implemented by the FDA. Other studies have examined the impact of banning only
menthol combustible cigarettes9-13 on the use of combustibles only. D’Silva et al.
examined the impact of a ban of menthol in combustible cigarettes on use of combustibles
and e-cigarettes by menthol smokers in Minnesota. One study4 evaluated the impact of the
2009 U.S. menthol ban on tobacco use in adolescents. A DCE5 examined the impact of an
e-cigarette flavors ban on all flavors, except for menthol and tobacco, on the use of
combustibles and e-cigarettes.

We also add to the literature by collecting a large, current, nationally-representative data set
composed of current and former smokers. In addition, we contribute by using the estimated
heterogeneity on the impact of these bans across smoking status and socio-economic and
demographic characteristics to help make our predictions more realistic.

METHODS
Design/Methods

Discrete Choice Experiment (DCE)—The DCE is an experimental method which is
used to the estimate the causal effect of flavors and other cigarette attributes on the choice of
cigarette type and then to predict the impact of flavored-cigarette ban alternatives.1® In the
DCE, respondents choose their preferred cigarette type from a set of four options of
cigarettes types described by each four attributes: flavor, health impact by cigarette type,
amount of nicotine, and price. See Table 2; Fig. 1.

In this best-best DCE,1’ respondents are asked to respond to choice scenarios by choosing
their top two favorites among combustible cigarettes, e-cigarettes and “none of these”
(“none” hereafter). Because the choice options take the form of a specific cigarette, this is a
‘labeled’ experiment, which is beneficial for realism.18 To optimally reduce the number of
choice scenarios, we used a D-efficient survey design which generated 36 scenarios.1?
Respondents are randomized to three blocks of choices; each had different sets of scenarios,
seen in a different order. Thus, an individual responds to 12 separate scenarios.

The specific flavors were chosen to emulate cigarette types currently available in the U.S.
market: tobacco only and menthol for cigarettes; and tobacco, menthol, fruit, and sweet for
e-cigarettes. The overwhelming majority of the many e-cigarette flavors can be classified as
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menthol, fruit, or sweet.8:21-21 Note that tobacco is the underlying flavor for all combustible
cigarettes but must be added to e-cigarettes to characterize this flavor. In the paper, when we
refer to flavors we are referring to all but tobacco, regardless of the type of cigarette we are
referring to.

Health risk was expressed as years of life lost by an average user. For combustible cigarettes,
this was 10 to reflect the known harm. For e-cigarettes, the four levels are: 2, 5, 10 and
unknown; these reflected the lower health risk of e-cigarettes and separately the degree of
uncertainty.22 The levels of nicotine were low, medium, and high. Both types of cigarettes
were available in these levels. A level of “none” was provided for e-cigarettes as nicotine-
free options are available in e-cigarettes. Finally, we defined price as the price paid for 20
combustible cigarettes or the equivalent volume of e-cigarettes (using a conversion ratio of 1
disposable cigarette/1 e-cigarette refill to 30 cigarettes). The prices are displayed in Table 2.

A survey was also administered to collect socioeconomic data and smoking behavior
information on each respondent. Descriptive statistics are reported in Table 3.

We took steps to increase the quality of the choice data collected. Prior to the DCE, detailed
narrative and visual information describing the cigarette types (combustible or e-cigarette)
and their features were provided. Next, we defined terminology for “cigarette type,”
“flavor,” “tobacco,” or “menthol” and “flavored-cigarette” (the partnership of a flavor and a
cigarette type, e.g. “menthol e-cigarette™). A sample experiment task was provided giving
respondents practice in responding. We also used “forced responses” to prevent respondents
from skipping through the survey. And, we used a minimum time threshold to remove
respondents who rushed through. Finally, we used attention filters embedded in the survey to
check that respondents were paying attention (e.g. “please select option two to show that you
are paying attention”).

Participants

We recruited a sample of 2,031 adult smokers and recent quitters online using the survey
firm Qualtrics. To be eligible, current smokers and recent quitters had to have smoked at
least 100 cigarettes, or equivalent e-cigarettes, in their lifetime and had to be U.S. residents
between ages 18 and 64. Our sample size is large relative to other choice experiments in
health, and it is in excess of minimum sample size calculations of several hundred
observations.23 To make our sample nationally-representative, respondents were drawn to
match proportions of smokers in regional/demographic quotas. The quotas were derived
from data from the 2014 Behavioral Risk Factor Surveillance System (BRFSS) based on six
regions, gender, and age bands.

Analysis

We used exploded multinomial logit models to analyze respondents’ choices. We specified
our initial model to be a function of cigarette-specific terms and attributes. To align our
model with the FDA’s policy options, we imposed two features on the model. First, we
combined fruit and sweet flavors into a single group as they are commonly considered
jointly. Second, by interacting the “cigarette-type constant-terms”with each of the flavors,
we are able to examine the cigarette type and flavor pairings directly. We refer to these
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combinations as “flavored-cigarette constantterms.” Use of both of these improved the fit of
the model. We are primarily interested in the estimates of the flavored-cigarette constant-
terms: menthol combustible cigarette, tobacco e-cigarette, menthol e-cigarette, and fruit/
sweet e-cigarette. Each of these constants represents the preference for each flavored-
cigarette relative to a tobacco combustible cigarette (the reference case) at the sample level.
See Appendix A for the model specification.

We then interacted these flavored-cigarette constant-terms with a rich set of
sociodemographic variables that were collected in the survey. This allows us to estimate the
degree and type of heterogeneity by smoking status and socio-economic and demographic
characteristics. We then use these estimates in our predictions, which increases their realism.
All the levels of the attributes are treated as binary except for price which is treated as a
continuous variable. We use the resulting model to make predictions of the impacts of the set
of policies. All analyses are conducted in Nlogit (version 6).

Policy Predictions

RESULTS

The estimated choice models are used to predict market shares of each cigarette type and
“none.” We first predict smoking choices under the status quo and then impose the set of
policy scenarios (Table 1) to predict the smoking choices under the alternative scenarios. For
instance, if we are analyzing a ban on all e-cigarette flavors but not on tobacco (“Alternative
5” in Table 1), we set the coefficients on flavors in e-cigarettes to zero and use the estimated
model to obtain revised choice probabilities, which yield shifts in smoking choices. These
shifts in smoking choices reveal the impact of each policy.

Model Estimates

Table 4 shows the results from the cigarette choice models. Panel A displays the coefficients
for flavored-cigarette types and “none” as well as for the attribute levels: price, nicotine, and
health. The flavored-cigarette coefficients are measures of the preferences for the cigarette/
flavor pairs relative to the omitted tobacco combustible cigarette. On average, combustible
cigarettes are preferred to e-cigarettes; that is, all the e-cigarette constant-terms are negative
and significant, reflecting a relative, general dislike of flavors. However, menthol
combustible cigarettes are disliked less than the other three flavored e-cigarettes.
Specifically, adult smokers have the following preferences for e-cigarette flavors: tobacco,
fruit/sweet, and then menthol last. Findings also indicate that adult smokers prefer: lower
cigarette prices, healthier outcomes, and a medium level of nicotine.

Panel B presents the full set of interaction terms. There is substantial preference
heterogeneity across individuals’ characteristics. Specifically, younger adult smokers and
recent quitters (we more concisely refer to below as ‘smokers”) have preferences for menthol
combustible cigarettes and all flavored (including tobacco) e-cigarettes. Older adult smokers
prefer tobacco combustible cigarettes. African Americans, those with higher education, and
those who report low health prefer menthol combustible cigarettes. Those with higher
education also prefer e-cigarettes of all flavors.
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There is further heterogeneity in preferences by smoking status. Those with quit attempts
prefer e-cigarettes of all flavors. Unsurprisingly, both dual users and vapers (those using
only e-cigarettes) show very strong preferences for all types of e-cigarettes. Indeed, vapers
prefer e-cigarettes to combustible cigarettes. Specifically, the coefficient for the interactions
of vapers and tobacco e-cigarettes is positive and greater than constant-term for tobacco e-
cigarettes, which is negative. Thus, all else being equal, vapers prefer tobacco e-cigarettes to
tobacco combustible cigarettes. It is also the case that fruit/sweet e-cigarettes are preferred to
tobacco combustible cigarettes by vapers, but not to menthol e-cigarettes. Last, recent
quitters have a strong aversion to menthol combustible cigarettes.

Testing and Robustness

A number of formal tests are applied to test the sensitivity of the results. Broadly, these
include: tests of the model structure by comparing the reported estimates to those obtained
from a mixed logit (that relaxes the independence from irrelevant alternative (11A)
assumption24 of the multinomial logit (MNL)); tests of the utility function specification; and
validity checks. In all cases, test results support the findings reported in the tables. The
informal validity test, is that we note the similarity of our findings to those elsewhere in the
literature: young adults and recent quitters’ preference for non-tobacco flavors8:25-30 and
older adults’ dislike of flavors;20:31-32 African Americans’ preference for menthol;33-34 that
e-cigarettes are preferred by those that have undergone higher education;2>27 and that e-
cigarettes are preferred by quit attempters and dual users.35-38 Details are presented in
Appendix B.

Policy Predictions

Table 5 displays the predicted market shares across the set of flavor bans. Each panel
displays the following: Panel A repeats the description of the set of bans from Table 1; Panel
B provides the predictions of the impact of bans on cigarette type choice shares; and Panel C
provides the percentage changes in the choice shares comparing the current policy to each of
the alternative bans (calculated from Panel B). Each row relates to one of the potential
policies described. Note that the predicted shares of cigarette type choices under the set of
current flavor bans are, as seen in the first row of panel B of Table 5: 45.2% for combustible
cigarettes, 37.5% for e-cigarettes, and 17.2% for “none.”

Policymakers can use these predictions to select optimal bans based on their policy goals.
Such goals which will likely depend on the policymakers’ view of the impact of e-cigarettes
on health relative to the impact of combustibles cigarettes. We posit two likely goals to: 1)
minimize the selection of combustibles, arguably the most harmful to health; and 2)
maximize the choice of abstaining, which we proxy with the opt-out option (i.e. “none”).

Results show that policymakers seeking to minimize the use of combustible cigarettes
should ban only menthol in combustible cigarettes (policy Alternative 3). This results in the
lowest choice of combustibles at 40.0%, which represents a 5.2% reduction in the
percentage of combustible cigarette choices (Panel C). Of this reduction, the majority goes
to e-cigarettes at 3.8%, with the remaining being “none” at 1.6%.
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Policymakers seeking to minimize the use of both cigarette types should ban all flavors in

both cigarette types (policy Alternative 1). In Alternative 1, the highest choice of “none” is
at 22.4%. In this case, as seen in Panel C, e-cigarette choice declines by 7.9% and instead,
people increase their choice of combustibles by 2.7% and “none” by 5.2%.

An e-cigarette ban on all flavors but tobacco is an inferior option for either of the above
goals, as Alternative 5 indicates. This is important to note as this is a policy that the FDA has
considered in the past and may again. Although this comprehensive ban would result in the
second-largest reduction in selecting either cigarette types, selection of combustibles would
increase from 45.2% to 53.3%. Unfortunately, 8.3% would change from e-cigarettes to
combustibles and only around 3.0% would change from e-cigarette to “none.” Thus, this
policy would likely drive current e-cigarette users toward both cigarette types more than
toward abstinence.

DISCUSSION

Findings

These results indicate that flavors of combustibles and e-cigarettes drive choices across
cigarette types and selecting neither. In turn, flavor bans drive choice of cigarette choices.
These findings are derived from a discrete choice experiment that generates the choice data
used to estimate preferences which are in turn used to make the predictions. Results from the
preference models indicate the following: Adult smokers and recent quitters in our sample
on average prefer combustible cigarettes to e-cigarettes. Further, they tend on average to
prefer tobacco to sweet, fruit and menthol flavors. However, there is substantial
heterogeneity in flavor preferences, with some individuals deriving substantial utility from
flavors. These results, including the estimated heterogeneity, are used to predict the impact
of the alternative bans.

The predictions suggest that banning all flavors in e-cigarettes except tobacco, while
allowing menthol to remain in combustibles, would result in the greatest increase in the
selection of combustible cigarettes but a decline in the use of e-cigarettes. By comparison, a
ban only on menthol combustible cigarettes would produce the greatest reduction in the use
of combustibles, and much of this movement from combustibles would be to e-cigarettes
with a smaller percentage moving toward “none.” Thus, it is likely that a menthol ban on
combustibles would most improve public health given that combustible cigarettes impose the
most significant harms. A ban on non-tobacco flavors in both types of cigarettes would
increase the choice of opting-out (“none™) the most but would also increase the use of
combustibles and reduce the choice of e-cigarettes by a relatively large amount. These
predictions highlight the importance of simultaneously considering both: 1) the impact of
flavor bans on combustibles and e-cigarettes simultaneously; and 2) the impact on both
cigarettes types as well as “none.”

Strengths and Limitations

The key strength of this study is that it makes needed, policy-relevant, predictions about a
set of flavor bans. We are the only study that we know of that examines alternative bans in
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the U.S. in both types of cigarettes and the impact of these on the choice of combustibles, e-
cigarettes or opting-out (“none”). Further, we use the DCE approach which is one of the few
approaches that allows for rigorous and quantitative examination of the set of counterfactual
flavor ban policies in advance of setting such policies. Also, we collected a large, and
nationally-representative data set of current and former adult smokers. Our models allow for
rich heterogeneity in preferences which makes our predictions more realistic. In addition, we
have conducted our experiment in line with best practices3® and have applied a broad range
of robustness checks and sensitivity analyses that support our findings. Combining these, we
are thus able to make realistic quantitative estimates of the impact of alternative flavor bans
across both combustible and e-cigarettes for the U.S.

Despite the above strengths, our study has several limitations. First, there is a risk of
hypothetical bias in all DCEs,*0 but we help address this by analyzing current and recent
smokers who frequently make such real-world decisions.*! Second, the meaning of the
“none” option is somewhat ambiguous. Third, the study does not examine the use of
alternative tobacco products, such as pipe tobacco or hookah. Fourth, we do not observe
whether smokers alter their consumption quantity depending on the product selected; for
example, in changing to e-cigarettes, smokers may decide to smoke more or less heavily.
Last, youth smoking decisions should be examined separately, but is beyond the scope of
this study. However, with 36.5 million adult smokers in the U.S., our results are critical for
informing policy.

The predictions of this study are timely given that the FDA has been actively considering
flavor bans on both e-cigarettes and menthol in combustible cigarettes.2 This interest by the
FDA is part of a broader movement toward adopting flavor bans; they have been imposed at
county and municipal levels within the U.S. and bans on menthol combustible cigarettes
have been announced or implemented by the EU, Canada, and other countries,42-43

According to our predictions, a ban on flavored e-cigarettes alone would drive more smokers
to combustible cigarettes, which arguably are the more harmful way of obtaining nicotine.
44-45 |n addition, results suggest that such a ban may reduce the appeal of e-cigarettes to
those who are seeking to quit. In contrast, a ban on menthol combustible cigarettes would be
a more effective approach to reduce smoking. Alternatively, a ban on non-tobacco flavors in
both cigarette types would reduce the joint smoking/vaping rates, but the smoking rate
would be higher than the status quo. Policymakers should determine their stance on the
relative, potential health impacts, on both types of cigarettes and then can use these results to
guide the choice of a flavor ban.

CONCLUSIONS

Our results have important policy implications for flavor bans. We conclude that flavor bans
can be effective levers to affect smokers’ choices. Alternative flavor bans can either enhance
protection of the health of the public or worsen it. These results have some perhaps
surprising implications that could prove valuable to lawmakers and regulators in crafting the
best policies for public health.
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APPENDICES

Appendix A: Cigarette Type Choice Model

Respondents were asked to select their preferred cigarette type in choice scenarios, so they
are assumed to be maximizing their utility when making choices (Louviere et al., 2000). We
defined a general cigarette type utility function that relates individuals’ choices to their
preferences for cigarette types and attributes:

Utility(cigarette) = f(cigarette type, flavor, price, nicotine, health risk) (1)

This utility function serves as the basis for the empirical model. From (1), we can
straightforwardly build an econometric model to put numerical values on individuals’
ordinal preferences (Hensher et al., 2015). Here, utility comprises an observed and
unobserved component, Vj-and e, respectively. We then defined the observed component
in terms of the attributes and cigarette types,

Ujj(cigarette) = V. + & )
= ﬁﬂamr.Flavorjc + ﬂprice . Prlcejc + ﬁnicmme.Nlcotmejc
+ Brcaisn risk-Health Riskjc + ECIG + None — of — these

+ sljc

where Vi is the utility that respondent /derives from cigarette type /in choice scenario ¢.

The utility is related to the cigarette’s attributes, namely flavor (Flavor), price (Price), level
of nicotine (Nicotine), and health risk (Health Risk); Bprice are the preferences for the
attributes to be estimated. Next, individuals’ underlying preferences were estimated for e-
cigarettes (4567) and the “none of these” option (None — of - these). The omitted cigarette
type is combustible cigarette, and thus these coefficients show the preference for these
options relative to a combustible cigarette. e;;; is an error term that is assumed to follow a
type-I extreme value distribution to facilitate estimation.

As noted above, we are interested in the impact of flavored cigarette ban alternatives. Thus,
we redefined the choice model (2) to capture preferences for flavored cigarettes directly,
rather than for cigarette types and flavors separately. To do this, we redefined Vj;; using (a)
flavored cigarette constant terms (which are combinations of flavors and cigarette type
constant terms); and (b) combined fruit/sweet flavors. We therefore estimate parameters
separately for the set of cigarette type and flavor pairs as indicated below, with tobacco
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combustible cigarette as the omitted category. The flavored cigarette type utility function is
defined as

Uijc( flavored cigarette ) = Vijc +& (3)
= Men_Ccig + Tob_Ecig + Men_Ecig + Fru_Ecig + None — of — these
+ ﬂprice . Pricejc + Bicotine - Nicotinejc + Brioain risk - Health Riskjc
+e€..
ije

The four flavored cigarette constants each represent the preference for a flavored cigarette
type relative to a tobacco flavored combustible cigarette (the omitted category). These
constants are: Men_Ccig, which captures the relative preference for menthol combustible
cigarettes, and 7ob_Ecig, Men_Ecig, and Fru_Ecig, which capture relative preference for,
respectively, tobacco, menthol, and fruit/sweet flavored e-cigarettes. Further, the preference
for not choosing any of the flavored cigarettes, relative to the omitted tobacco combustible
cigarette, was captured by None — of - these. The terms Byrice, Bnicotine: aNd Breaith risk
capture preferences for the attributes of price, nicotine content, and health risk, respectively.

In specification (3), preferences are estimated at the sample level. In addition to this basic
model, we introduced heterogeneity across personal characteristics. Specifically, we interact
sociodemographic and smoking behavior variables with the flavored cigarette constants in
the utility function. The full list of items that are interacted with the flavored cigarette
constants are given in Table 3 and results are presented in Table 4, panel B. We used
estimates of these interaction terms to make the policy predictions.

Finally, we define the choice model which gives the probability of choice as a function of
the relative utilities (which are, as above, a function of flavored cigarette and attribute
preferences). Because respondents make two sequential choices without replacement, we use
the exploded, or rank order, logit model (Luce and Suppes, 1965; Yoo and Doiron, 2013),

Vi jc Vi jc
J e U

j=1 j=2

P. e

jje(rank1,2) = (4)

where P is the probability that individual /ranks cigarette type /first or second in choice
scenario c. The first term is the probability that cigarette type /is ranked first (which is akin
to the multinomial logit model for a single choice). The second term is the probability that
cigarette type jis ranked second when the first choice has been removed from the options.

B: Testing and Robustness

In addition to the data quality measures that were used, statistical testing for model
specification, and correspondence of our findings to the literature, further statistical tests and
empirical robustness analyses were conducted and our findings were confirmed. First,
alternative model structures were estimated, including the multinomial logit based only on
respondents’ first choice and the exploded logit with an adjustment for scaling differences
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between the first and second choices (Yoo and Doiron, 2013). We further estimated a model
with random parameters to allow for unobserved heterogeneity. In addition, we estimated a
model that discarded the recent quitters. In all cases, we find the results to be very similar to
those presented.

In addition, our specification of the paired flavored cigarettes was tested (rather than flavors
as attributes and cigarette types separately). We use pairwise testing of all flavored cigarette
constants and find that we can reject the null that the two coefficients are equal per pair in
every test (at the one percent level). We observe an improvement in model fit when moving
from a model with flavors as attributes and cigarette types separately to the model in Table 3
(although it is not statistically significant). We also test our categories of flavors. In
preliminary modeling, we find no differences between preferences for fruit and sweet
flavors. Using a Wald test, we are unable to reject the null that the two coefficients were
equal. In addition, we find that preferences for fruit/sweet were statistically distinct from
menthol. These tests support the categorization of sweet and fruit together that we use. In
summary, our treatment of flavors is in line with policymakers’ options, but also consistent
with the literature and is statistically supported.

Several internal validity checks supported our results. First, we used a series of follow-up
questions to check for consistency between choice task responses—e.g. health is self-
reported by our sample as one of the leading reasons for using e-cigarettes. Second, we
checked that our estimated coefficients are in line with theoretical a priori expectations, that
is, price coefficients are negative, respondents preferred healthier cigarettes and that those
who report using ecigarettes prefer e-cigarettes to combustible cigarettes.
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WHAT THIS PAPER ADDS

Section 1. What is already known from the literature

. There is some evidence on the impact of flavor bans for combustible
cigarettes on combustible cigarette use and for electronic-cigarettes on
electronic-cigarette use; but these studies do not address the substitutability
and complementarity of demand across cigarette types.

. One discrete choice experiment (DCE) examined the impact of banning
flavors in electronic-cigarettes on use of both combustible and electronic-
cigarettes, finding that such bans would reduce the use of electronic-cigarettes
by a small but statistically significant effect.

Section 2. What this study adds

. Using an online DCE, we make quantitative predictions for smokers and
vapers about the impact of five alternative flavor bans on the use of
combustible cigarettes and the use of electronic cigarettes.

. Our experiment is conducted in a large, current, nationally-representative data
set composed of current and former smokers that was collected for the
purpose of these predictions.
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O None of these O

O None of these O
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Option 1: Tobacco Cigarette

Option 2: Tobacco Cigarette

* Flavor: Tobacco
* Nicotine level: High

* Die earlier: 10 years

* Flavor: Tobacco
* Nicotine level: Low

* Die earlier: 10 years

$13.99

$7.99

Option 3: E-cigarette

Option 4: E-cigarette

* Flavor: Menthol
y

’3/ * Nicotine level: High

* Die earlier: 5 Years

* Flavor: Fruit
'6/ « Nicotine level: Medium

* Die earlier: 2 years

Example Choice Scenario
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Table 1:

Potential flavor bans policy optionsl

Policy

Permitted flavors by cigarette type

Combustible cigarettes E-cigarettes

Menthol  Fruit/sweet Menthol Fruit/sweet

Current US Policy: ban fruit/sweet in ccig
Alternative 1: ban all flavors

Alternative 2: only allow menthol ecig
Alternative 3: ban all ccig flavors
Alternative 4: only allow fruit/sweet ecig

Alternative 5: ban all ecig flavors

Allowed Banned Allowed Allowed
Ban Ban Ban Ban
Ban Ban Allow Ban
Ban Ban Allow Allow
Ban Ban Ban Allow

Allow Ban Ban Ban

We do not consider banning tobacco for several reasons including that it the flavor is inherent in the tobacco leaves of combustibles and that the
focus of banning flavors on e-cigarettes has been on sweet and fruit, with a ban on menthol a real possibility.
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Experimental design: attributes and levels that were varied throughout the choice scenarios

Table 2:

Flavor

E-cigarette

Combustible cigarette

Plain tobacco
Menthol
Fruit

Sweet

Life years lost by average user 10

Level of nicotine

Price

5

2
Unknown
High
Medium
Low
None
$4.99
$7.99
$10.99
$13.99

Plain tobacco

Menthol

10

High
Medium

Low

$4.99
$7.99
$10.99
$13.99
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Table 3:
Descriptive statistics of respondent characteristics
Variable Mean (%)
Sociodemographic variables
Young (age < 26) 0.11
Old (age > 54) 0.20
Female 0.54
Black 0.09
Asian 0.03
American Indian 0.02
Other race 0.02
No race not reported 0.00
Hispanic 0.08
Higher education 0.48
Income > mean income ($55,000) 0.39
Household size > 2 0.56
Self-reported health < 3 0.36
Smoking-related variables
One or more attempt(s) to quit in the past year 0.58
Combustible cigarette only user 0.51
Use both combustible cigarettes and e-cigarettes (dual user)  0.31
E-cigarette only user (vaper) 0.07
Recent Quitter 0.11
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