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A B S T R A C T   

This study examines patterns of use for menthol/non-menthol cigarettes and Electronic Nicotine Delivery Sys-
tems (ENDS) from 2013 to 2019 among U.S. adults. We calculated the weighted population prevalence of current 
exclusive and dual use for each product (i.e., menthol/non-menthol cigarettes and ENDS) stratified by age, sex, 
race/ethnicity, household income, and education in all surveys using data from three nationally representative 
surveys: the Population Assessment of Tobacco and Health (PATH) Study Waves 1–4 (W1-W4), 2013–2018; the 
National Health Interview Survey (NHIS) 2015; and the Tobacco Use Supplement to the Current Population 
Survey (TUS-CPS) 2014–2015 (T1) and 2018–2019 (T2). Exclusive non-menthol cigarette use (PATH: 9.0%W1, 
9.4%W4; NHIS: 8.7%; TUS-CPS: 8.1%T1, 6.9%T2) and dual non-menthol cigarette/ENDS use (PATH: 2.4%W1, 
1.5%W4; NHIS: 1.5%; TUS-CPS: 1.1%T1, 0.6%T2) were the most common single and dual tobacco use patterns, 
respectively, across all surveys. Both exclusive menthol cigarette use (3.9%T1-3.3%T2) and non-menthol ciga-
rette use (8.1%T1-6.9%T2) declined in TUS-CPS from 2014/5–2018/9. Dual menthol cigarette/ENDS use also 
declined (PATH: 1.5%W1-1.1%W4; TUS-CPS: 0.5%T1-0.3%T2), as did dual non-menthol cigarette/ENDS use 
(PATH: 2.4%W1-1.5%W4; TUS-CPS 1.1%T1-0.6%T2). Across surveys, exclusive menthol cigarette use and dual 
menthol cigarette/ENDS use were more common among individuals aged 25–34 years old; non-Hispanic Blacks 
(NHBs); and low-income earners. Single and dual use patterns of menthol/non-menthol cigarettes and ENDS 
have declined over time. Nevertheless, certain vulnerable population groups, including NHBs and low-income 
earners, disproportionately use exclusive menthol cigarettes and dual menthol cigarette/ENDS, making 
menthol bans a potential policy target for reducing tobacco-related health disparities.   

1. Introduction 

Menthol is an additive present in 90% of all commercial cigarettes in 
the United States, (Anderson, 2011) specifically in menthol cigarettes at 
about 0.1 percent or higher and in non-menthol cigarettes at about 0.03 
percent or less. (TPSAC, 2011; Giovino et al., 2004; Williamson, 1986) 
Menthol cigarette sales represented about 35.4% of the cigarette market 
in 2018, up from 25.9% in 2010. (Delnevo et al., 2020) Compared to 
non-menthol cigarettes, menthol cigarettes are more likely to pose a 
public health risk to users and non-users of tobacco products. (TPSAC, 
2011; Delnevo et al., 2020; Villanti et al., 2017) For non-users, menthol 
cigarette availability increases the likelihood of tobacco experimenta-
tion, and among users, menthol cigarette availability is linked with 
regular smoking and tobacco use addiction. (Hersey et al., 2010; Cullen 

et al., 2019) In addition, menthol cigarette smokers experience greater 
nicotine dependence symptoms, such as shorter first cigarette after 
waking, smoking cravings, and feeling irritable having not smoked for a 
few hours compared to non-menthol cigarette smokers. (Villanti et al., 
2017; Hersey et al., 2010) 

Studies have shown that youth, women, non-Hispanic Blacks, and 
people with lower socioeconomic status are more likely to smoke 
menthol cigarettes, thereby increasing the cigarette use burden among 
these population groups and contributing to tobacco-related health 
disparities. (D’Silva et al., 2012; Balbach et al., 2003; Villanti et al., 
2016; Yerger et al., 2007; Gardiner, 2004; Vozoris, 2012) Among non- 
Hispanic Blacks, menthol cigarette smokers are also less likely than 
non-menthol smokers to quit smoking. (Smith et al., 2020) Furthermore, 
menthol cigarette smoking among young and middle-aged adults has 
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been associated with the use of other flavored tobacco products like 
cigars and cigarillos, (Sterling et al., 2016; Sawdey et al., 20202020) 
alcohol, and marijuana. (Azagba and Sharaf, 2014) Considering the 
evidence of the risks associated with menthol cigarette smoking, more 
studies will be useful to support the Food and Drug Administration 
(FDA) proposals that ban menthol flavors in specific tobacco products. 

Similarly, exclusive ENDS use increased from 2.4% to 4.2% among 
US adults aged 25–44 years and from 2.4% to 7.6% among young adults 
from 2012 to 2018. (Phillips et al., 2017; Dai and Leventhal, 2019; [21]) 
Most ENDS products contain nicotine, which in turn can increase the risk 
of addiction, (Vanyukov et al., 2012; Jankowski et al., 2019) but it re-
mains unknown what doses may result in health problems. (Office on 
Smoking et al., 2019) On the other hand, ENDS use may contribute to 
the reduction in smoking prevalence due to reduced initiation as the use 
of conventional cigarettes have declined among young adults. (Levy 
et al., 2019) Studies have shown that frequent ENDS use promoted 
smoking cessation among adults, (Hajek et al., 2019; Brouwer et al., 
2020) although a number of adults who use ENDS as a cessation tool 
may end up as dual users, inadvertently discouraging cessation. (U.S. 
Department of Health and Human Services, 2020) Thus, the risks and 
benefits of ENDS remain controversial mainly because of the insufficient 
evidence on its public health effects. (TPSAC, 2011; Office on Smoking 
et al., 2019) 

A few studies have examined the population prevalence of cigarette 
and ENDS dual use, with estimates of 1.3% to 9.7% across different 
surveys. (Hirschtick et al., 2021; Weinberger et al., 2020; Villarroel 
et al., 2018) Sociodemographic patterns of exclusive ENDS use and dual 
use (cigarette and ENDS) differ depending on the characteristic. Unlike 
ENDS users who are mostly young adults (18–24 years old), (Dai and 
Leventhal, 2019; Hirschtick et al., 2021; Weinberger et al., 2020; Mayer 
et al., 2020) dual users are more likely to be older. (Hirschtick et al., 
2021; Mayer et al., 2020) ENDS use patterns vary by income and edu-
cation; some studies reported higher income individuals are more likely 
to use ENDS compared to low-income individuals, while some found no 
significant association (Dai and Leventhal, 2019; Hirschtick et al., 2021; 
Friedman and Horn, 2019). Dual users, on the other hand, are more 
likely to be individuals with less than a college degree than those with 
four or more years of college (Mayer et al., 2020), and lower-income 
individuals compared to those with a higher income. (Hirschtick et al., 
2021) ENDS and dual use patterns are similar by race/ethnicity and sex; 
non-Hispanic White adults and men are more likely than other racial 
groups and women, respectively, (Weinberger et al., 2020; Mayer et al., 
2020) to be both exclusive ENDS and dual users. Despite existing evi-
dence on cigarettes and ENDS dual use, the sociodemographic patterns 
of menthol/non-menthol cigarette flavors and ENDS dual use are 
unknown. 

This study aims to present recent trends on exclusive and dual use of 
menthol/non-menthol cigarette with ENDS from 2013 to 2019 using 
three nationally representative surveys. We examine data from three 
large nationally representative surveys collected over a similar period, 
enabling us to produce a range of comparable national estimates of 
exclusive and dual use of menthol/non-menthol cigarettes and ENDS. 
We also examine differences in patterns by age, sex, race/ethnicity, 
education, and income. 

2. Methods 

2.1. Data sources 

Data on sociodemographic variables, menthol/non-menthol ciga-
rette smoking, and ENDS use were obtained from three nationally 
representative samples: the Population Assessment of Tobacco and 
Health (PATH) Waves 1–4, 2013–2018, the National Health Interview 
Survey (NHIS) 2015, and the Tobacco Use Supplement to the Current 
Population Survey (TUS-CPS) 2014/2015 and 2018/2019. We included 
NHIS 2015 as this was the only year, following 2010, the survey 

examined menthol flavoring in cigarettes. Details on each survey char-
acteristics and variable definition can be found in the Supplement 
Guide. 

The PATH Study is a longitudinal, nationally representative study of 
the US non-institutionalized population aged ≥ 12 years. It used a four- 
stage stratified area probability sample design, varying sampling rates 
for adults by age, race, and tobacco use status. (Hyland et al., 2017) Our 
study used the adult (aged ≥ 18 years) sample in PATH Waves 1 
(September 2013 to December 2014), 2 (October 2014 to October 
2015), 3 (October 2015 to October 2016), and 4 (December 2016 to 
January 2018). The PATH Study design oversampled tobacco users, 
young adults (aged 18–24), and Non-Hispanic Blacks adults. (Friedman 
and Horn, 2019) 

The NHIS is a cross-sectional household interview survey that has 
been conducted since 1957. The sampling plan follows an area proba-
bility design that permits the representative sampling of households and 
non-institutional group quarters (e.g., college dormitories). (National 
Center for Health Statistics, 2016) The TUS-CPS is conducted every 3–4 
years as part of the CPS, a monthly survey conducted by the US Census 
Bureau for the U.S. Bureau of Labor Statistics. In each cycle, TUS-CPS 
collects nationally representative data from about 240,000 adults. 
(National Cancer Institute, 2016) We included three nationally repre-
sentative surveys to provide a potential range of prevalence estimates 
for adult tobacco use as survey estimates may differ based on survey 
design. The study was exempt from the Institutional Review Board re-
view because it was a secondary analysis of de-identified data. 

2.2. Tobacco use measures 

We classified tobacco products into menthol cigarettes, non-menthol 
cigarettes, and ENDS. ENDS were defined as e-cigarettes, e-cigars, e- 
pipes, e-hookahs, or other e-products in PATH (the definition of e- 
products changed across PATH wave questionnaires), and e-cigarettes, 
including vape-pens, hookah-pens, e-hookahs, or e-vaporizers in the 
NHIS and TUS-CPS studies. Current use for cigarette smokers was 
defined as smoking every day or some days for established smokers 
(smokers who had smoked 100 or more cigarettes in their lifetime). 
Menthol cigarette use was defined as cigarette smokers indicating that 
their regular brand was flavored to taste like menthol/mint in PATH 
surveys and stating that they usually smoke menthol cigarettes instead 
of non-menthol cigarettes in the TUS-CPS and NHIS surveys. We defined 
current use among ENDS users as having used e-cigarettes every day or 
some days in the NHIS and TUS-CPS studies and PATH waves 1 and 2, 
and having used e-products every day or someday in PATH waves 3 and 
4. Overall, we categorized tobacco measures into exclusive use of 
menthol cigarettes, non-menthol cigarettes, and ENDS, and dual use of 
menthol cigarettes with ENDS and non-menthol cigarettes with ENDS. 

2.3. Sociodemographic variables 

Sociodemographic variables included age group (18–24, 25–34, 
35–54, or 55 + ), sex (male or female), race/ethnicity (Non-Hispanic 
White [NHWs], Non-Hispanic Black [NHBs], Hispanics, or Non-Hispanic 
other [NHOs]), annual household income (<50 K [low-income earners], 
$50 K-$100 K [middle-income earners], or ≥$100 K [high-income 
earners]), and education for adults 25 years and older (<high school 
education, high school, some college, or ≥ 4-year college). 

2.4. Statistical analyses 

We calculated the weighted population prevalence for current 
exclusive and dual use of each tobacco product category stratified by 
age, sex, race/ethnicity, household income, and education in all surveys 
and adjusted for the appropriate complex survey designs. For PATH and 
TUS-CPS confidence intervals we used the balanced repeated replication 
(BRR) estimation and the Taylor linearization for NHIS. Considering the 
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large number of comparisons in prevalence estimates - for five categories 
of tobacco-use patterns, across 17 sociodemographic strata and three 
surveys - we estimated significant differences in prevalence by exam-
ining a 95% confidence interval overlap between the subgroups across 
years and for all surveys. Statistical analyses were conducted using Stata 
16. 

3. Results 

Fig. 1 presents tobacco product use distributions for each sample 
while supplementary table 1 also includes population characteristics. All 
three surveys had more females (51.7% NHIS 2015; 52.1% PATH Wave 
3; 51.9% TUS-CPS 2014/15) than males, and NHWs were over half of 
the sampled population in NHIS 2015 (65.7%), PATH Wave 3 (65.6%), 
and TUS-CPS 2014/15 (64.8%). Approximately one-third of the popu-
lation were aged 35–54 years old (34.1% NHIS 2015, 33.3% PATH Wave 
3; 34.2% TUS-CPS 2014/15) and over another third were aged 55 and 
older (35.9% NHIS 2015, 36.8% PATH Wave 3; 35.2% TUS-CPS 2014/ 
15). Over half of the PATH population were low-income earners (53.5% 
Wave 3), while low-income earners represented 42.7% of the NHIS and 
49.7% of the TUS-CPS 2014/15 sample. Each educational categor-
y—high school, some college, and > 4-year college—represented be-
tween 25 and 30% of the sampled population in all three surveys 
(Supplementary table 1). 

In the following sections, we compare the overall prevalence esti-
mates across surveys at one point in time using NHIS 2015, PATH Wave 
2 (2014/15), and TUS-CPS 2014/15. We describe the frequency esti-
mates across the sociodemographic groups using NHIS only, a cross- 
sectional study, better suited for prevalence measures than PATH 
which is a longitudinal study. Similarly, we use only the TUS-CPS 
sample, another cross-sectional study, to describe the overall time 
trends and across sociodemographic groups. 

3.1. Cross-sectional patterns of exclusive and dual use of menthol or non- 
menthol cigarette and ENDS use 

Exclusive non-menthol cigarette use (PATH 9.8% W2; NHIS 2015, 
8.7%; TUS-CPS 2014/15, 8.1%) and dual non-menthol cigarette/ENDS 
use (PATH 2.4% W2; NHIS 2015, 1.5%; TUS-CPS 2014/15, 1.1%) were 
the most common single and dual tobacco use categories in each survey 
(Fig. 1). Exclusive menthol cigarette prevalence estimates (PATH W2, 
5.0%; NHIS 2015, 4.2%; TUS-CPS 2014/15, 3.9%) were approximately 
half that of non-menthol cigarette use, and the prevalence of dual 
menthol cigarette/ENDS use ranged from 0.5% (NHIS and TUS-CPS 

2014/15) to 1.3% (PATH W2). Overall, PATH estimates were higher 
than NHIS, which were higher than the TUS-CPS estimates (Fig. 1). 

3.2. Prevalence of exclusive and dual use of menthol/non-menthol 
cigarettes and ENDS by sociodemographic characteristics using NHIS 2015 

Non-menthol cigarette use and dual non-menthol cigarette/ENDS 
use were the most common exclusive and dual tobacco product use 
patterns among all sampled sociodemographic groups: age (Fig. 2, 
Supplementary table 2); sex (Supplementary table 3); race/ethnicity, 
except for NHBs, where menthol cigarettes and menthol cigarettes/ 
ENDS were more common (Fig. 3, Supplementary table 4); income 
(Supplementary table 5); and education (Fig. 4, Supplementary table 6). 

There were important differences in exclusive and dual menthol 
cigarette/ENDS use prevalence across sociodemographic groups, 
particularly by age and race/ethnicity. As mentioned earlier, we 
describe some of these differences here using the NHIS 2015 results. For 
instance, exclusive menthol cigarette use was more common among 
adults aged 25–34 years followed by 35–54-year-olds, while adults aged 
55 + had the lowest prevalence (NHIS 6.5%, 4.6%, 2.7% respectively). 
Dual menthol cigarette/ENDS use was comparable among all age groups 
(NHIS 0.4%-0.6%) (Fig. 2). For race/ethnicity, NHBs used menthol 
cigarettes and dual menthol cigarette/ENDS much more commonly than 
NHWs; exclusive menthol cigarette use was 11.8% for NHBs and 3.3% 
for NHWs in NHIS, and dual menthol cigarette/ENDS use was 1.1% for 
NHBs and 0.5% for NHWs in NHIS (Fig. 3). 

For socioeconomic groups, exclusive menthol cigarette use was more 
common among people with less than high school education (NHIS 
7.1%) compared to other education levels (i.e., high school (NHIS 
5.4%), some college (NHIS 5.1%), and college (NHIS 1.5%). Dual use 
patterns were comparable among all education levels, except that peo-
ple with a college education who had a lower prevalence (Fig. 4). 
Regarding income, all tobacco use patterns in each survey were most 
common among low-income earners (<$50 K), except exclusive ENDS 
use, which was most common among middle-income earners (Supple-
mentary table 6). 

3.3. Overall trends of exclusive and dual use of menthol/non-menthol 
cigarettes and ENDS using TUS-CPS 2014/15 to TUS-CPS 2018/19 

Using the TUS-CPS sample, exclusive menthol cigarette use 
decreased from 3.9% to 3.3% and non-menthol cigarette use decreased 
from 8.0% to 6.9% from 2014/2015 to 2018/2019. On the contrary, 
exclusive ENDS use increased from 0.8% to 1.4% during the same time 

Fig 1. Exclusive and Dual Use of Menthol/Non-menthol Cigarettes and ENDS among US Adults 2013–2019; PATH, TUS and NHIS.  
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period. Similar to cigarettes, dual menthol cigarette/ENDS use (TUS-CPS 
0.5% T1 to 0.3% T2) and dual non-menthol cigarette/ENDS use TUS- 
CPS 1.1% T1 to 0.6% T2) decreased over time (Fig. 1). 

3.4. Trends of exclusive and dual use of menthol/non-menthol cigarettes 
and ENDS by sociodemographic characteristics using TUS-CPS 2014/15 
to TUS-CPS 2018/19 

Tobacco use patterns changed over time across age, sex, and race/ 
ethnicity. Exclusive non-menthol cigarette and menthol cigarette use 
decreased while exclusive ENDS use increased among 18–24-year-olds 
(Fig. 2, Supplementary table 2). However, comparable to all other age 
groups, there was a smaller decrease in dual non-menthol cigarette/ 
ENDS use among 18–24-year-olds (Supplementary table 7). Among fe-
males, from 2014/15 to 2018/19, the prevalence of exclusive non- 

menthol cigarette use decreased by 12.7% (6.5% to 5.6%), while 
exclusive menthol cigarette use decreased by 14.9% (4.0% to 3.4%) 
(Supplementary table 7). Exclusive menthol cigarette use decreased by 
13.2% among NHBs (10.2% to 8.8%), while exclusive ENDS use 
increased by 80.2% among NHWs (1.0% to 1.7%) (Fig. 3, Supplemen-
tary table 7). Tobacco use patterns also changed over time among so-
cioeconomic groups. Exclusive non-menthol cigarette use decreased by 
5.6% (11.7% to 11.1%) while exclusive ENDS use increased by 54.4% 
(0.8% to 1.2%) for participants with high school education (Supple-
mentary table 7). Dual use patterns decreased across all education 
levels, except that dual menthol cigarette/ENDS use remained flat over 
time among people with a college education (Supplementary table 7). 
Exclusive menthol/non-menthol cigarettes and dual menthol cigarette/ 
ENDS use decreased only among the low income earners (<$50 K) and 
fluctuated among other income groups (Supplementary table 7). 

Fig 2. Trends of Exclusive and Dual Use of Menthol/Non-menthol Cigarettes and ENDS among US Adults by Age group 2014–2019; TUS & 2015; NHIS.  

Fig 3. Trends of Exclusive and Dual Use of Menthol/Non-menthol Cigarettes and ENDS among US Adults by Race/Ethnicity 2014–2019; TUS & 2015; NHIS.  
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Exclusive ENDS use increased among all income groups, while dual non- 
menthol cigarette/ENDS use decreased across all income levels (Sup-
plementary table 7). 

4. Discussion 

Our study extends existing research on menthol/non-menthol use 
patterns beyond cigarettes to include ENDS across three nationally 
representative surveys. We present prevalence estimates of exclusive 
and dual use of menthol/non-menthol cigarettes and ENDS overall and 
stratified by age, sex, race/ethnicity, education, and household income. 
Consistent with earlier studies, (Delnevo et al., 2020; Villanti et al., 
2016; Giovino et al., 2015) our findings reveal that exclusive non- 
menthol cigarette use was more common than exclusive menthol ciga-
rette use in all the population subgroups except for NHBs. We also found 
that exclusive non-menthol cigarettes declined among young adults 
aged 18–24, all race/ethnicities, and low-income earners between 2014 
and 2019, continuing the downward trend from 2004 to 2015. (Villanti 
et al., 2016; Giovino et al., 2015; Mattingly et al., 2020) Our results also 
add to the existing literature by showing that dual non-menthol ciga-
rette/ENDS use was more common than dual menthol cigarette/ENDS 
use in all population subgroups except NHBs. 

Our results indicate that exclusive menthol cigarette and dual 
menthol cigarette/ENDS use was highest among adults aged 25–34 
years. These results indicate the persistent use of menthol-flavored to-
bacco products among adults aged 18–34 years, consistent with previous 
patterns from 2004 to 2014. (Villanti et al., 2016; Giovino et al., 2015) 
We observed an overall decline in exclusive menthol cigarette use and 
over 70 percent increase in ENDS use from 2014 to 2019 in the TUS-CPS 
surveys. Among adults, menthol /mint flavor is the second highest 
preferred flavor, following tobacco flavor, for ENDS initiation. (Harrell 
et al., 2017) This suggests that even with an overall decline in exclusive 
menthol cigarette use, adults may be switching to menthol ENDS use. 
This possibility is consistent with studies that suggest that people who 
smoke menthol cigarettes are not likely to switch away from menthol 
flavors. (Kasza et al., 20142014) As the FDA considers a menthol flavor 
ban in cigarettes, they should also extend the ban to other tobacco 
products, especially other combustible products, as it would greatly 
reduce the tobacco burden among this population. (Delnevo et al., 2020; 
Villanti et al., 2016; Giovino et al., 2015; Cadham et al., 2020; Chaiton 
et al., 2020) and prevent multiple tobacco-related health risks as they 

age. (National Center for Chronic Disease Prevention and Health, 2012) 
Our findings support earlier studies that show exclusive menthol 

cigarette use is more common among NHBs, (Villanti et al., 2016; 
Gardiner, 2004) and adds that dual menthol cigarette/ENDS use is also 
more common among this group. Furthermore, while we observed that 
exclusive menthol cigarette smoking decreased among NHB partici-
pants, there was no significant change in exclusive ENDS and dual 
menthol cigarette/ENDS use between 2014/2015 and 2018/2019 in the 
TUS-CPS data. Despite the decline in exclusive menthol cigarette use 
among NHBs, the prevalence was over three times higher than the 
closest racial/ethnic group, NHOs, in 2018/19. A recent study found 
menthol cigarette prevalence among NHBs to be twice that of other 
races (Ribisl et al., 2017) and our findings suggest this gap may be 
increasing. In both surveys, even though exclusive non-menthol ciga-
rette use was most common among NHWs, it was decreasing over time 
and contributing to the overall decline in cigarette use. (Delnevo et al., 
2020) The persistent use of menthol cigarettes among NHBs not only 
slows the decline in overall cigarette smoking but may lead to a disparity 
gap between the white and black population. (Villanti et al., 2016; 
Giovino et al., 2015) A menthol ban in cigarettes has the potential to 
avoid tobacco use disparities between NHBs and NHWs, and further 
protect NHBs from further public health burden of exclusive and dual 
tobacco use. (Villanti et al., 2017) 

Our study shows that menthol smoking was more common among 
the low-income earners (<$50 K), consistent with existing scientific 
evidence. (Villanti et al., 2017; Levy et al., 2019) We observed a decline 
in exclusive menthol cigarette use, exclusive non-menthol cigarette use, 
and dual non-menthol cigarette/ENDS use among low-income earners. 
Nevertheless, we observed that in 2018/19 (TUS-CPS), 1.5 times more 
low-income earners smoked menthol cigarettes exclusively than middle- 
income earners ($50 K-$100 K). Cigarettes, especially discounted 
flavored brands, are more commonly sold in convenience stores and gas 
stations, which are more prevalent in low-income neighborhoods and 
may contribute to this burden of tobacco use. (Ribisl et al., 2017) Also, 
the high prevalence of menthol cigarette use among low-income earners 
may be responsible for the persistent use of dual menthol cigarette/ 
ENDS among this group. 

We used three different surveys collected during similar periods with 
similar product definitions to improve the reliability of our conclusions 
as we provide a probable range of tobacco product use among the US 
adult population. Nevertheless, there were consistent differences in 

Fig 4. Trends of Exclusive and Dual Use of Menthol/Non-menthol Cigarettes and ENDS among US Adults by Education 2014–2019; TUS & 2015; NHIS.  
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prevalence estimates across the three surveys; NHIS estimates were 
lower than PATH and higher than the TUS-CPS estimates. (Hirschtick 
et al., 2021; Louis et al., 1986) Discrepancies between estimates from 
PATH (longitudinal), NHIS (cross-sectional), and TUS-CPS (cross- 
sectional) studies might result from cohort effects or attrition, producing 
spurious and not substantive differences, (Shuy, 2002) or from data 
collection methods. Two-thirds of TUS-CPS data are collected via tele-
phone interviews where participants are more likely to underreport 
stigmatized behaviors such as smoking compared to in-person in-
terviews used by NHIS or self-interviewing methods used in PATH. 
(Hirschtick et al., 2021; Cho et al., 2021) 

This study has several limitations. First, we were unable to reliably 
compare trend estimates across datasets because of time and survey 
design differences; PATH (2013 to 2018) is a longitudinal study while 
TUS-CPS (2014/2015 to 2018/2019) is a cross-sectional study. These 
time differences may also contribute to the variability in prevalence 
estimates, which is why we focused on differences across surveys 
(PATH, NHIS, TUS-CPS) during one point in time, and trends within the 
TUS-CPS sample. However, including PATH in our study ensures 
comparability with earlier studies. (Hirschtick et al., 2021; Patel et al., 
2021; Villanti et al., 2017) Second, our current use measure did not 
distinguish between every day and some day users, even though product 
use and patterns of use may differ between both groups. However, our 
estimates are easily compared to other studies using this current use 
definition[51]. Third, we used self-reported data which may threaten 
the validity and reliability of our measures and may limit the accuracy of 
our findings. Fourth, we did not analyze ENDS use by flavor which may 
have provided more context on the differences in cigarette flavoring use 
patterns. Future studies should consider the use of more recent data to 
include menthol/non-menthol flavors in ENDS when assessing the use of 
menthol/non-menthol cigarettes with ENDS to shed more light on the 
differential use patterns as well as whether or not they were former or 
never smokers. Lastly, we used a conservative method for our statistical 
interpretation, but we acknowledge that the use of confidence interval 
overlap to interpret estimates may miss some significant relationships. 
However, it ensures that any findings we report as significant are robust 
considering the large number of comparison groups. 

5. Conclusion 

In this study, we found that single and dual use patterns of menthol/ 
non-menthol cigarettes and ENDS have declined over time. Neverthe-
less, certain vulnerable population groups, including NHBs and low- 
income earners, disproportionately use exclusive menthol cigarettes 
and dual menthol cigarette/ENDS. While the FDA considers a ban on 
menthol in cigarettes, these results highlight its urgency. While there 
may be concerns that menthol smokers may switch to non-menthol 
brands following a comprehensive menthol ban, studies from Canada 
and some localities in the US have found that few menthol smokers make 
that switch. (Cadham et al., 2020; Chaiton et al., 2020) A menthol ban 
would help protect high-risk groups from initiating and continuing to-
bacco use and could have a potential pro-equity effect by reducing 
cigarette use among adults aged 18–34 years, NHBs, and low-income 
earners. (Giovino et al., 2015) Future studies should assess recent 
trends in frequency and intensity of exclusive and dual menthol ciga-
rette/ENDS use to better inform tobacco control policy regarding the 
need and urgency to ban menthol flavors in cigarettes and other tobacco 
products. 

6. Implications 

In addition to exclusive menthol cigarette use, NHBs and low-income 
earners also use menthol cigarette/ENDS disproportionately. As the FDA 
considers a ban on menthol in cigarettes, these results highlight its ur-
gency. A menthol ban would help protect high-risk groups from initi-
ating and continuing tobacco use, including exclusive and dual use of 

menthol cigarette/ENDS, and could have a potential pro-equity effect by 
reducing cigarette use among NHBs, and low-income earners. 
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