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Abstract 
Introduction: Cigarette smoking accounts for >30% of the socioeconomic gap in life expectancy. Flavored restrictions claim to promote equity; 
however, no previous studies have compared the effect of cigarette and e-cigarette flavor restrictions among individuals who smoke with lower 
and higher socioeconomic status (SES).
Aims and Methods: In a between-group within-subject design, individuals with lower (n = 155) and higher (n = 125) SES completed hypothet-
ical purchasing trials in the experimental tobacco marketplace (ETM). Conditions were presented in a 2 × 2 factorial design (cigarette flavors 
restricted or unrestricted and e-cigarette flavors restricted or unrestricted) with increasing cigarette prices across trials.
Results: Results show (1) SES differences in cigarette, e-cigarette, and NRT purchases under unrestricted policies, with lower SES showing 
higher cigarette demand and lower e-cigarette and NRT substitution than higher SES, (2) cigarette restrictions decreased cigarette and increased 
NRT purchases among lower SES, but no significant changes among higher SES, (3) decreased SES differences in cigarette demand under ciga-
rette restrictions, but persistence under e-cigarette restrictions or their combination, (4) persistence of SES differences in e-cigarette purchases 
when all restrictions were enforced, and (5) waning of SES differences in NRT purchasing under all restrictions.
Conclusions: Flavor restrictions differentially affected individuals based on SES. Within-group comparisons demonstrated restrictions signif-
icantly impacted lower SES, but not higher SES. Between-group comparisons showed SES differences in cigarette purchasing decreased 
under cigarette restrictions, but persisted under e-cigarette-restrictions or their combination. Additionally, SES differences in NRT substitution 
decreased under flavor restrictions. These findings highlight the utility of the ETM to investigate SES disparities.
Implications: With increasing trends of socioeconomic differences in smoking prevalence and cessation rates, smoking-related health disparities 
are expected to continue to widen. Restricting menthol flavor in cigarettes while enhancing the availability and affordability of NRT have the 
potential to alleviate SES disparities in tobacco use, therefore, positively impacting health equity. However, this effect may depend on flavor 
availability in other tobacco products.

Introduction
Cigarette smoking is a leading contributor to socioeconomic 
health disparities accounting for >30% of the socioeco-
nomic gap in life expectancy.1,2 Groups with lower socioec-
onomic status (SES) spend a greater portion of their income 
on cigarettes, smoke more heavily,3,4 are less likely to achieve 
long-term abstinence from smoking5,6 and have higher cancer 
incidence and death rates than more affluent groups.7

SES is a complex and contextualized sociopolitical con-
struct associated with relative access to basic resources re-
quired to achieve and maintain good health.8 Not surprisingly, 

SES is also associated with a wide variety of health behaviors, 
including addictive behaviors such as cigarette and other to-
bacco product use.9 Members of lower SES groups are often 
marginalized from the central experiences of the dominant 
culture in which they live.10 SES is commonly assessed with 
culturally relevant composite indices. In the United States, 
SES is often assessed with educational achievement and 
household income. Educational achievement is relevant to 
the acquisition of knowledge and skills, cultural literacy, and 
cognitive functioning,11 while household income is relevant to 
access to material resources.8 Importantly, SES overlaps with 
other important marginalized social identities, including race, 
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ethnicity, sex/gender, sexual orientation, mental and physical 
health, and disability.

Historically, the tobacco industry has advertised flavored 
tobacco products (eg, menthol cigarettes) to communities 
with a high proportion of individuals who are of lower SES.12 
Menthol allows the user to inhale more deeply by decreasing 
sensations of harshness and nicotine-evoked oral irritation,13 
and perhaps allowing smokers with restricted resources to op-
timize their use of a product. As a result, prominent socioec-
onomic differences exist in flavored tobacco product use.14,15 
Flavored tobacco and nicotine product use is associated 
with increased dependence and poorer cessation outcomes,16 
which might contribute to socioeconomic disparities in ciga-
rette smoking. Therefore, flavor restrictions could potentially 
promote health equity by decreasing differences in tobacco 
use between the groups with lower and higher SES.

Recently, the U.S. Food and Drug Administration has taken 
multiple actions toward tobacco product flavor restrictions. 
In 2020, the Food and Drug Administration finalized an 
enforcement policy on unauthorized flavored (other than 
tobacco or menthol) cartridge-based-e-cigarette products 
including mint and fruit.17 In 2022, the Food and Drug 
Administration proposed two new rules to prohibit men-
thol as a characterizing flavor in cigarettes and to prohibit all 
flavors (including menthol) in cigars.18 These proposed rules 
aim to improve public health, by reducing initiation among 
youth and facilitating smoking cessation, and advance health 
equity.

One way to forecast the impact of these restrictions on 
tobacco product purchasing is through the experimental to-
bacco marketplace (ETM). The ETM, an online Amazon-like 
tobacco store,19 provides a useful method to examine equity 
in the context of tobacco control. The ETM mirrors real-
world purchase behaviors and permits estimation of the effect 
of SES on tobacco/nicotine product purchases under different 
policies. A priori estimates from the ETM may be utilized 
to determine the impact of such policies in reducing health 
disparities and improving public health.

In this context, this study explored the moderating role of 
SES on the effects of cigarette and e-cigarette flavor restric-
tion policies on tobacco product purchasing (ie, cigarette, 
e-cigarette, smokeless tobacco, and nicotine replacement 
therapy - NRT) among individuals who use tobacco regularly. 
We hypothesize that unrestricted cigarette and e-cigarette 
flavor policies would reflect contemporary SES disparities, 
and the implementation of cigarette flavor restrictions would 
decrease the SES disparities in cigarette purchases. The effects 
of these flavor restrictions on alternative product purchasing 
are unknown. These findings are needed to determine the rel-
ative health equity impact of cigarette and e-cigarette flavor 
policies. By elucidating the differences in tobacco and nico-
tine product purchasing between SES groups in the face of 
flavor restrictions, policymakers may better understand the 
impact of potential policies on subgroups of tobacco users 
and avoid increasing an already widening socioeconomic gap 
in health.20

Methods
Participants
This secondary analysis of previously collected data included 
individuals who smoke cigarettes (N = 280) recruited by 
market research firms, Ipsos (iSay panel; social.i-say.com) 

and Innovate MR (innovatemr.com/panels/consumer-panel) 
during July and August 2021. To determine eligibility for 
the study, participants reported their age, smoking history, 
current smoking status, and preferred brand of cigarettes. 
Inclusion criteria included: (1) being21 years of age or older, 
(2) currently smoking at least 10 cigarettes per day regardless 
of other tobacco product use, and (3) having smoked at least 
100 cigarettes in their lifetime. Informed consent was im-
plied through the completion of the survey. The parent study 
was registered on www.clinicaltrials.gov (NCT05110872) 
and approved by the Institutional Review Board at Virginia 
Polytechnic Institute and State University.

Study Design
In a between-group within-subject design (repeated measures), 
we employed a 2 × 2 factorial design to expose participants 
to four policy scenarios. The factors included cigarette flavor 
restricted versus unrestricted; and e-cigarette flavor restricted 
versus unrestricted.

Policy Scenarios
Cigarette Flavor Restricted

Only non-menthol cigarettes were available.
Cigarette Flavor Unrestricted

Non-menthol and menthol cigarettes were available.
E-cigarette Flavor Restricted.

Only tobacco e-cigarette flavors were available (ie, classic to-
bacco, cigar tobacco).
E-cigarette Flavor Unrestricted.

The following e-cigarette flavors were available: Blueberry, 
blueberry pie, cappuccino, cheesecake, cherry cheesecake, 
chocolate ice cream, cinnamon, cinnamon menthol, coffee, 
cotton candy, energy drink, menthol, peach, peach tobacco, 
red licorice, root beer, vanilla, and wintergreen menthol.

Flavors of other products were the same across conditions 
and included: Apple (dip), berry (snus, dip), cinnamon (gum), 
citrus (snus, dip) dry fruit (snus), fruit (gum), mint (gum, loz-
enge, snus, dip), straight (dip), tobacco (snus, dip), and win-
tergreen (snus, dip).

The ETM was tailored for each participant to include only 
preferred varieties of flavors and nicotine doses chosen from 
a provided list of products.

Procedures
Participants completed an online survey administered through 
Qualtrics survey software (Qualtrics, Provo, UT, United 
States). Assessments included: Cigarettes and e-cigarettes ex-
perience and flavor and nicotine dose choices, the heaviness 
of smoking index,21 a timeline follow-back to report nicotine 
product use in the previous week (TLFB),22 hypothetical to-
bacco purchases in the ETM, and demographics.

Experimental Tobacco Marketplace
Instruction Quiz
Before entering the ETM, participants were given instructions 
and asked to make the following assumptions during their de-
cision-making: (1) they would make hypothetical purchases 
of tobacco and nicotine products for the next 7 days, (2) a 
new purchasing scenario began in every purchasing trial, (3) 
they had no access to other tobacco/nicotine products outside 
of the ETM, and (4) they could not give away or save products 
for longer than the next 7 days. A four-question instruction 
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quiz was implemented to ensure comprehension of the ETM 
instructions.23 Individuals had up to seven chances to master 
the quiz before engaging in the ETM.

Hypothetical Account Balance
Participants were provided with an account balance calcu-
lated by multiplying the self-reported average number of to-
bacco products used per day during the past month by their 
respective median unit price, then summing the results for each 
product. This calculation is intended to mimic participants’ 
budget constraints in the real world.19

Purchase Trials
A hypothetical account balance was provided in each trial 
to purchase tobacco products for 7 days. Participants were 
asked to assume they already had an e-cigarette device or that 
it was available for free. Cigarette prices increased across pur-
chase trials according to the following multiplicative factors 
on a logarithmic scale: Market-price [MP]; 2 × MP, 4 × MP, 
8 × MP. As in prior studies, individual units were available 
in the ETM and not full packages to increase measurement 
resolution.24–26 Median prices by product type were computed 
using the NielsenIQ 2017 data to define MP in the ETM. MPs 
and units for each product were as follows: $0.30 per single 
cigarette, $0.51 per 1 mL of E-liquid, $7.15 per disposable 
e-cigarette, $3.34 per e-cigarette pod or cartridge, $0.22 per 
single snus pouch, $0.10 per single dip pouch, and $0.37 per 
single piece of gum or lozenge. Each product was displayed 
with the price along with an image and a brief description. 
For vaping products (ie, e-liquid, disposable e-cigarette, and 
e-cigarette pods or cartridges), participants were informed 
that one unit was approximately equivalent to 10 cigarettes 
and/or 100 puffs.

Measures
For all outcome measures, percent budget spent was used 
to normalize across the wide array of participant-derived 
budgets.

Own-Price Demand Curves for Cigarettes
For individual own-price demand data under each policy sce-
nario, two parameters were empirically determined from the 
ETM purchases: Intensity—the percentage of budget spent 
at $0.30 cigarette price, and Omax—the highest observed 
percent budget spent. Empirically determined measures of 
demand were used instead of fitting a demand equation to 
include all participant data. Individual intensity and Omax 
data were square-root transformed27 due to the data being 
positively skewed.

Cross-Price Substitution Curves for Alternative Products
Products available in the ETM were combined into three 
product categories: E-cigarettes, smokeless tobacco, and 
NRT. Individual demand for alternative products was fit using 
linear regression, and parameters were derived from ETM 
purchases: Y-intercept; intensity of substitution27 and slope; 
substitutability. The Y-intercept represents the predicted per-
centage of budget spent on the alternative product(s) when 
a cigarette is free, and the slope represents the change in the 
percentage budget spent on alternative product(s) demand 
divided by the change in price. Intercepts and slopes were 
square-root or log-transformed to normalize and stabilize 
variance, when appropriate.

SES Groups
SES was categorized using a composite SES index based on 
reported income and education questions used by the 2020 
U.S. Census Bureau. Household income was grouped into 
six categories, and educational level was grouped into four 
categories. Values were assigned to income level (lowest = 1 
to highest = 6) and educational level (lowest = 1 to highest 
= 4). Income and education values were summed resulting 
in a discrete analogue SES scale ranging from 2 to 10 as in 
prior studies.28,29 A median split on the SES scale determined 
a participant’s assignment to the group with lower SES or 
higher SES.

Data Analysis
A total of 302 participants were eligible and completed the 
survey. However, due to missing or invalid data pertinent to 
this analysis, 22 participants were removed from this report, 
which resulted in a final analytical sample of 280.

Participant Characteristics
Demographic characteristics (eg, age, race, and income) 
and smoking-related assessments (eg, heaviness of smoking 
index) were described using mean, standard deviation, and 
percentages. These characteristics were compared among the 
two SES groups using t-tests and Fisher’s exact test, where ap-
propriate. See Supplementary Table S1 for all measures.

Statistical Analysis
For each of the product categories in the ETM, we sought 
to determine (1) if differences in purchasing and substitu-
tion under the unrestricted flavor policies were observed 
across SES groups; (2) how the policy restrictions impact 
purchasing in the group with lower SES and higher SES; 
and (3) whether differences in purchasing across SES groups 
persisted or changed under the policy restrictions. To eval-
uate these questions, we fit a hierarchical linear regression 
to estimate purchasing behavior that included an interaction 
term between SES and cigarette policy, an interaction term 
between SES and e-cigarette policy, and a random effect for 
the participant. Additionally, heaviness of smoking index 
scores, age, and gender were included as covariates after 
SES group differences were observed. Despite observed SES 
differences in e-cigarette use, we opted to not include this 
variable as a covariate, because the goal of the present study 
is to identify SES disparities independent of the potential 
driving mechanism. For cigarettes, purchasing behavior was 
evaluated using intensity and Omax; for alternative product 
categories, purchasing behavior was evaluated using in-
tercept and slope. Custom contrasts to test the previously 
described hypotheses were performed. Specifically, groups 
with lower SES versus higher SES in unrestricted conditions, 
restricted versus unrestricted conditions in the group with 
lower SES, restricted versus unrestricted conditions in the 
group with higher SES, and groups with lower SES versus 
higher SES in restricted conditions. Contrasts were adjusted 
for multiple comparisons using the Sidak method.30 We opted 
not to include cigarette flavor since significant differences in 
menthol preference were not observed between SES groups. 
We sought to understand the policy implications at the 
population level instead of the individual level. Moreover, 
we did not perform model selection since we were specifi-
cally interested in understanding the moderating role of SES 
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under each of these policies; in an exploratory data analysis, 
a significant interaction between cigarette and e-cigarette 
policy was not observed. R software Version 3.5.1 was used 
for all data analysis.31 All statistical tests were considered 
significant at the <.01 level.

Results
Participant Characteristics
Overall, our sample was 49.53 (±13.66) years old, majority 
male (50.7%), white (90.0%), non-Hispanic (86.6%), 
with an annual income of less than $50 000 (61%), a plu-
rality with some college or associate degree (37.8%), re-
ported smoking 17.78 (±8.11) cigarettes per day, and 
scored 3.34 (±1.55) on the heaviness of smoking index. 
A total of 45% of participants reported smoking menthol 
cigarettes with no significant differences observed between 
groups (p = .1190). Demographics (eg, age, education, race) 

and tobacco-related measures by SES group are shown in 
Supplementary Table S1.

SES Differences in Cigarette Purchasing and 
Product Substitution Under Unrestricted Flavor 
Policies
SES-dependent differences in percent budget spent under the 
unrestricted flavor policy environment were explored (Figure 
1, Table 1). The group with lower SES showed significantly 
higher intensity of cigarette demand (t(274) = −4.142, p = 
.0004) compared to the group with higher SES participants. 
These SES-dependent differences continue with the groups 
with higher SES exhibiting higher intensity of e-cigarette sub-
stitution (t(274) = 3.877, p = .0011), and NRT substitution 
(t(274) = 3.833, p = .0013) than the group with lower SES. 
Significant differences in intensity of smokeless tobacco substi-
tution and in slope of substitution for all alternative products 
were not observed.

Figure 1. Proportion of total budget spent per product category across trials in each policy scenario.
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Impact of Cigarette Policy Restrictions on Groups 
With Lower and Higher SES
The effect of cigarette policy restriction on product pur-
chasing within each SES was explored (Figure 2, Table 2). 
The cigarette policy restriction resulted in decreased inten-
sity of cigarette demand (t(824) = 4.555, p < .0001) and 
increased Omax (t(824) = 5.009, p < .0001) among the group 
with lower SES. In addition, a significant increase in the in-
tensity of NRT substitution was observed (t(824) = −4.334, p 
= .0001). All other indices were non-significant in the group 
with lower SES. Significant differences in product purchasing 
for cigarettes and each of the alternative products were not 
observed in the group with higher SES.

Impact of E-cigarette Policy Restrictions on Groups 
With Lower and Higher SES
The effect of e-cigarette policy restriction on product pur-
chasing was explored within each SES group (Figure 2, Table 
2). No significant differences in cigarette demand and alter-
native product substitution indices were observed in product 
purchases within the groups with higher and lower SES 
(Figure 1, Table 2).

SES Differences in Cigarette Purchasing and 
Product Substitution Under Proposed Product 
Flavor Bans
The persistence of SES-dependent disparities under each 
policy restriction was explored (Table 1). In the presence 
of the cigarette policy restriction, significant SES-dependent 
differences in cigarette purchases were no longer observed 
(t(274) = −2.543, p = .0886). However, the persistence of 
these SES-dependent differences in cigarette purchasing was 
observed for the e-cigarette policy restriction (t(274) = −4.940, 
p < .0001) and the combination of cigarette and e-cigarette 
policy restrictions (t(274) = −4.155, p = .0003), with the 
group with lower SES exhibiting higher intensity of cigarette 
demand compared to the group with higher SES. Significant 
differences in Omax were observed under the e-cigarette flavor 

restrictions (t(274) = −3.827, p = .0013) with the group with 
lower SES indicating higher Omax.

Significant differences in the intensity of e-cigarette sub-
stitution continued throughout all three flavor policy re-
striction conditions (Table 1). Interestingly, the decrease in 
intensity of NRT substitution in the group with lower SES 
compared to the group with higher SES did not persist under 
the cigarette flavor restriction (t(274)=1.232, p=.8618), the 
e-cigarette flavor restriction (t(274) = 2.834, p = .0388), or 
the dual flavor restriction conditions (t(274) = 0.187, p = 
1.0000). While none of the policy restrictions created new 
disparities between SES groups, the e-cigarette flavor restric-
tion increased disparities (ie, larger effect sizes) between the 
groups with lower and higher SES.

Discussion
The present study sought to investigate the role of SES in 
moderating the effects of cigarette and e-cigarette flavor 
restrictions on hypothetical tobacco and nicotine product 
purchasing. Five main findings were observed: (1) unre-
stricted flavor policies reflected SES disparities in cigarette 
purchasing, e-cigarette, and NRT substitution with increased 
cigarette purchases and decreased e-cigarette and NRT sub-
stitution among the group with lower SES when compared 
to the group with higher SES, (2) cigarette flavor restrictions 
significantly decreased cigarette demand and increased NRT 
substitution in the group with lower SES, but did not signif-
icantly change product purchasing in the group with higher 
SES, (3) cigarette flavor restrictions significantly decreased 
differences in cigarette purchasing between the groups with 
lower and higher SES; however, differences persisted under 
e-cigarette flavor restrictions or the combination of ciga-
rette and e-cigarette flavor restrictions, (4) SES-dependent 
differences in e-cigarette purchasing persisted under all flavor 
restrictions, and (5) SES-dependent differences in NRT pur-
chasing waned under all flavor restrictions. These findings 
and implications are discussed below.

Table 1. SES-Dependent Differences in Cigarette, E-cigarette, Smokeless Tobacco, and NRT Purchasing

Cigarette and e-cigarette 
flavors unrestricted

Cigarette flavor 
restricted only

E-cigarette flavor 
restricted only

Cigarette and e-cigarette 
flavors restricted

Cigarettes (in-
tensity)

t = −4.142
p = .0004

t = −2.543
p = .0886

t = −4.940
p < .0001

t = −4.155
p = .0003

Cigarettes 
(Omax)

t = −3.187
p = .0127

t = −1.657
p = .5645

t = −3.827
p = .0013

t = −2.881
p = .0337

E-cigarettes (in-
tercept)

t = 3.877
p = .0011

t = 3.993
p = .0007

t = 4.507
p = .0001

t = 4.648
p < .0001

E-cigarettes 
(slope)

t = −1.331
p = .8038

t = −1.635
p = .5814

t = −1.231
p = .8619

t = −1.176
p = .8895

Smokeless to-
bacco (intercept)

t = 2.592
p = .0777

t = 2.871
p = .0348

t = 1.580
p =.6249

t = 1.911
p = .3753

Smokeless to-
bacco (slope)

t = −1.636
p = .5810

t = −1.379
p = .7729

t = −1.824
p = .4364

t = −0.730
p = .9934

NRT (intercept) t = 3.833
p =.0013

t = 1.232
p = .8618

t = 2.834
p = .0388

t =0.187
p = 1.0000

NRT (slope) t = −0.892
p = .9762

t = −0.339
p = 1.000

t = −0.380
p = .9999

t = 0.166
p = 1.0000

Degrees of freedom = 274. Contrasts were performed as higher SES minus lower SES.
Bold values indicate significant differences (p < .05) between higher and lower SES.

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/article/26/Supplem

ent_2/S103/7685228 by guest on 06 June 2024



S108 Freitas-Lemos et al.

First, our findings of socioeconomic differences in tobacco 
and nicotine product purchasing under unrestricted flavor 
policies are consistent with previous literature. Numerous 
factors are associated with tobacco use among individuals 
of lower SES,5,32 including tobacco industry targeted mar-
keting,33 reduced access to affordable smoking cessation,34 so-
cial factors such as greater tobacco use and reduced support 
for quitting among friends,35 and greater exposure to stress 
and adversity.32 We speculate that our findings of reduced 
e-cigarette and NRT substitution in the group with lower SES 
might be because of individuals of lower SES being more price 
sensitive and e-cigarettes and NRT being more costly than 
comparable units of combustible cigarettes.36 Individuals of 
lower SES also may not be aware of the potential benefits of 
switching to NRT and may not have the same access to NRT 
as more affluent individuals. Several possible policy changes 
that may help to increase familiarity with NRT products and 
address concerns individuals may have about the use of NRT 
include: (1) requiring the sale of NRT at every point of sale 

of cigarettes, (2) promoting quitting cigarettes using NRT or 
referral to a state smoker’s quitline at places where people ei-
ther smoke or buy cigarettes, and (3) having more educational 
materials about the benefits of quitting or distributing free 
NRT in communities of lower SES.

Second, flavor restrictions significantly changed tobacco 
product purchasing in the group with lower SES, but not in 
the group with higher SES. This finding is consistent with 
a previous study suggesting that approximately 75% of 
individuals of lower SES who live in public housing would 
quit smoking under a menthol cigarette ban.37 Additionally, 
more affluent groups purchased more alternative tobacco 
products under unrestricted flavor policies, suggesting they 
may have more experience or are more willing to try new 
products than individuals of lower SES. As with NRT, this 
finding might reflect greater access or exposure to alternative 
tobacco products. These findings suggest flavor restrictions 
are likely to have a minimal effect on tobacco product use 
among groups with higher SES.

Figure 2. Estimated marginal means and standard errors of cigarette demand and alternative product substitution indices across policy scenarios.
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Third, comparing the groups with lower and higher SES 
showed that cigarette flavor restrictions only reduced soci-
oeconomic differences in cigarette purchasing. However, so-
cioeconomic differences persisted under e-cigarette flavor 
restrictions and the combination of cigarette and e-cigarette 
flavor restrictions. One potential explanation for this finding 
is that under a menthol cigarette ban, individuals who smoke 
menthol cigarettes may switch to flavored e-cigarettes. On 
the other hand, a flavored e-cigarette ban may shift cur-
rent e-cigarette purchases to cigarette purchases increasing 
disparities, as observed by the greater differences under this 
policy scenario. When in combination, flavor restrictions 
in both cigarettes and e-cigarettes eliminate each product’s 
best-flavored alternative and substitute with similar behavior 
topography, respectively.19 Dual restrictions may hinder sub-
stitution across product types and, instead, promote sub-
stitution of the tobacco-flavored product of an individual’s 
preferred type. As multiple studies have shown, characterizing 
flavors evokes the perception of mildness and reduces the to-
bacco taste and unpleasant mouth feel of tobacco products, 
therefore, increasing nicotine appeal, reinforcing value and 
abuse potential.13 Further understanding of the importance 
of characterizing flavors in tobacco products relative to other 
reinforcing agents, such as nicotine itself or non-nicotine 
aspects of tobacco use, can help understand this finding. 
Importantly, however, these findings show that cigarette sub-
stitution is highly dependent on what other products are 
available in the tobacco marketplace.

Fourth, our findings showed that the group with lower SES 
spends a smaller percentage of their budget on e-cigarettes 
than the group with higher SES, regardless of the policy. 
This result highlights that factors other than flavor drive 
individuals of lower SES’ decisions to purchase e-cigarettes. 
In addition to the economic and cost factors discussed above, 
individuals with lower SES may simply have less exposure to 
or understanding of e-cigarettes and therefore be less likely to 
purchase them. A systematic review found evidence of greater 
e-cigarette awareness and use associated with higher levels of 

educational attainment.38 Others have also cited lower expo-
sure to e-cigarette advertising among individuals with lower 
SES because of the tobacco industry targeting individuals 
with higher SES with e-cigarette advertising.39

Fifth, SES-dependent differences in NRT purchasing waned 
under flavor restrictions, such that the group with higher SES 
were no longer more likely to spend a higher proportion of 
their budget on NRT than the group with lower SES. SES 
differences in motivation for NRT use might explain this 
finding. Previous research suggests that flavor is an important 
cigarette feature for individuals of lower SES.14,15 Individuals 
of lower SES may be more likely to use NRT as a substitute 
for their preferred flavored tobacco product. The availability 
of flavored gums and lozenges, instead of nicotine patches, 
may have favored the substitutability of these products 
among individuals of lower SES. Whereas individuals of 
higher SES may be more likely to use NRT for quitting, as 
a harm-reduction strategy or to get to their usual nicotine 
level.40 Further investigation is needed into the impact of pref-
erence for flavored tobacco products and NRT availability as 
moderators of the relationship between flavor restrictions and 
NRT purchasing.

This study has limitations that warrant mention. First, the 
majority of participants were white, non-Hispanic, or Latinx 
and had at least completed high school. Importantly, the fact 
that tobacco use varies by race and ethnicity is widely known. 
As this sample lacked great racial diversity, examination of 
how flavor restrictions impact this healthy equity dimension 
can not be performed. Thus, the generalizability of the findings 
may be limited to predominantly White populations.41 Future 
investigations are needed in a more diverse sample. Second, 
online data collection can induce social desirability bias.42 
Nevertheless, previous laboratory and online studies (with 
appropriate data quality) have shown comparable results.43,44 
Third, hypothetical and not real purchases may repre-
sent a threat to external validity. However, several previous 
investigations have demonstrated that hypothetical tobacco 
purchasing is correlated with real-world use,45 including ETM 

Table 2. Policy-Dependent Differences in Purchasing Across SES

Higher SES Lower SES

Cigarette restrictions E-cigarette restrictions Cigarette restrictions E-cigarette restrictions

Cigarettes (intensity) t = 2.083
p = .2635

t = 0.673
p = .9962

t = 4.555
p < .0001

t = −1.522
p = .6669

Cigarettes (Omax) t = 1.719
p = .5132

t = 0.855
p = .9815

t = 5.009
p < .0001

t = −1.141
p = .9042

E-cigarettes (intercept) t = −0.086
p = 1.000

t = −0.587
p =.9985

t = −0.439
p = .9998

t = 1.731
p = .5037

E-cigarettes (slope) t = −0.823
p = .9855

t = 0.061
p = 1.0000

t = −0.775
p = .9901

t = 0.323
p = 1.0000

Smokeless tobacco (intercept) t = −0.094
p = 1.0000

t = 0.342
p = 1.0000

t = 0.554
p = .9990

t = −1.633
p = .5806

Smokeless tobacco (slope) t = −1.121
p = .9126

t = 0.548
p = .9991

t = 0.384
p = .9999

t = 0.329
p = 1.0000

NRT (intercept) t = 0.069
p = 1.0000

t = −0.067
p = 1.0000

t = −4.334
p = .0001

t = −1.738
p = .4978

NRT (slope) t = 0.013
p = 1.0000

t = −0.322
p = 1.0000

t = 1.064
p = .9338

t = 0.626
p = .9977

Degrees of freedom = 824. Contrasts were performed as unrestricted minus restricted.
Bold values indicate significant differences (p < .01) between unrestricted and restricted policy environments.
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purchases.46 Therefore, the validity and reliability of the hy-
pothetical ETM to assess tobacco product purchases have 
support in the literature. Fourth, the median split on SES to 
determine groups with lower and higher SES may not reflect 
actual SES categories. We acknowledge that different cutoffs 
may lead to different findings. Fifth, other forms of smoked 
tobacco (eg, cigars, cigarillos) were not included in this im-
plementation of the ETM. Their exclusion was purposeful as 
their substitution could hide the substitutability of alternative 
noncombustible products.47 Future studies could compare the 
substitutability of combustible and noncombustible products 
under these policies, including the recently announced ban on 
flavored cigars. Finally, our analysis did not include prior ex-
posure to alternative products. While we recognize that prior 
experience with alternative products between SES groups may 
be a driving factor of differences in purchasing, our goal in this 
paper is to evaluate SES disparities. To better understand the 
mechanisms responsible for the observed SES disparities, fur-
ther analyses that consider prior exposures, such as directed 
marketing or density of tobacco retailers, should be performed.

Historically, specific groups, such as those with lower SES, 
have been disproportionately affected by tobacco use.48 This 
study’s findings support previous research showing that cur-
rent policies contribute to SES disparities in cigarette demand 
and e-cigarette or NRT substitution. With increasing trends 
of socioeconomic differences in smoking prevalence and ces-
sation rates,49 smoking-related health disparities are expected 
to continue to widen.50 Policy interventions have the potential 
to alleviate SES disparities in cigarette smoking and, there-
fore, positively impact equity in cigarette smoking and other 
tobacco product use.51

This study adds timely evidence that flavor restrictions may 
decrease tobacco-related disease and death rates. Additionally, 
these findings highlight the need to evaluate the impact of a 
tobacco product restriction in the context of other tobacco 
control policies. Policymakers must consider how restrictions 
on isolated products or multiple products simultaneously may 
affect substitution with other products available in the to-
bacco marketplace. Collectively, this study’s findings enhance 
the translational utility of the ETM in reflecting real-world 
SES disparities and forecasting the impact of various policies 
on tobacco users’ behavior and resulting SES differences.
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