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Abstract: Flavored cigar restrictions have the potential to benefit public health. Flavor availability
facilitates cigarillo use, but it is unknown if flavor impacts patterns of co-use of cigarillos and cannabis,
an increasingly prevalent behavior among young adults. Data were collected (2020–2021) in a cross-
sectional online survey administered to a convenience sample of young adults who smoked cigarillos
from 15 areas with high cigar use prevalence. We assessed the relationship between flavored cigarillo
use and motivation to quit cannabis and cigarillo use among past 30-day co-users (N = 218), as well
as several covariates (e.g., cigarillo price and flavor/cannabis policy). Flavored cigarillo perceived
appeal and harm were hypothesized parallel mediators. Most co-users reported usually using
flavored cigarillos (79.5%), which was not significantly associated with motivation to quit cigarillos
or cannabis. Perceived cigarillo harm (β = 0.17, 95% CI = 0.00, 0.33), advertising exposure (β = 0.12,
95% CI = 0.00, 0.24), and income (among racial/ethnic minorities; β = −0.13, 95% CI = −0.25, −0.02)
were significant predictors of motivation to quit cigarillos. There were no significant predictors of
motivation to quit cannabis. Cigarillo flavor was not associated with motivation to quit, so findings
could suggest that banning flavors in cigars may have a neutral impact on co-use with cannabis
among young adults.

Keywords: cigarillos; cannabis; young adults; regulatory science; flavors

1. Introduction

The leading cause of preventable death and disease is cigarette smoking, with 7 million
smoking-attributable deaths occurring each year worldwide [1]. Although cigarette smok-
ing prevalence has declined over time in the United States (US), cigar smoking, which poses
similar risk, continues to be popular among young people [2,3]. Cigars have surpassed
cigarettes as the most commonly used combustible tobacco product among high-school
aged youth [4], and 3.8% of young adults reported smoking cigars every day or some days
in 2019 [5]. In the US, cigarillos are disproportionately used by young adults, Black non-
Hispanics, males, and those with high school education or less, with an annual household
income of <USD 50,000, and who use other tobacco products [6,7]. Black non-Hispanic
young adults are nearly four times more likely to smoke cigarillos than White non-Hispanic
young adults [6].

Nearly half of cigarillo sales are for flavored products, which are available at 83% of
retailers nationwide [8,9]. Flavored products are viewed as more palatable and less harmful
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and have been shown to increase initiation and progression of tobacco use as well as reduce
likelihood of cessation [10,11]. In April 2021, the US Food and Drug Administration (FDA)
announced it would propose two product standards to ban menthol as a characterizing
flavor in cigarettes and all characterizing flavors in cigars, including menthol [12]. Given
that 80% of US youth (12–17 years) and 73% of young adult (18–24 years) tobacco users
use a flavored product [13], this proposed regulation could have a significant positive
public health impact by reducing initiation and promoting cessation of combustible tobacco
products [14,15]. Outside of the US, flavored products are marketed widely, with one
tobacco company selling flavored tobacco in over 100 countries in 2015 [16]. As of 2019,
flavored tobacco policies have been enacted in 11 countries and the European Union, vary-
ing in products covered, flavor types included, and inclusion of restrictions on packaging
images/descriptors [16].

New policy or regulation to reduce use of tobacco products needs to account not
only for the possible effect on tobacco use, including initiation, cessation, and switching
among tobacco products, but also for the potential impact on use of other substances. In
particular, cannabis (a plant with psychoactive properties due to tetrahydrocannabinol
(THC) content) is commonly co-used with tobacco (use of both products simultaneously
or within the same time period, or co-administering them), so should be monitored as
tobacco control measures are put in place. The prevalence of cannabis use has increased
over time [17], and is highest among young adults [18]. Past-month co-use of cannabis and
tobacco (5.4%) is higher among adolescents than use of each product in isolation (cannabis:
2.2%; tobacco: 3.9%) [19]. About three-quarters of adult cannabis users also use tobacco,
with co-use highest among young adults [20]. People who co-use may be exposed to higher
levels of toxicants than those who use each product alone [21], and co-use is associated with
increased frequency of use and dependence on both tobacco and cannabis [22,23]. Co-use
has been found to impede cessation of both substances [24], with users reporting similar
withdrawal symptoms from both products [25–27] and compensation of one product when
attempting to quit the other [28]. Additionally, cigar smokers (vs. cigarette smokers) and
cannabis users (vs. non-users) in the US are less likely to make an attempt to quit smoking
in the past year [29]. Cigars are the most commonly used tobacco product among co-users
of tobacco and cannabis [30], but there is a paucity of evidence on the impact of cigar-related
policies, particularly flavor policies, on cannabis use.

Three-quarters of cannabis users and two-thirds of blunt (removing tobacco from cigar
wrapper and replacing with cannabis) users use cigars [30,31]. Qualitative research suggests
that cigarillos are preferred for cannabis use because flavoring masks the smell [32,33] and
enhances the experience of creating and smoking blunts [33]. Flavor is among the most
highly valued tobacco product attributes for blunt use [34], and one study has reported
that 83% of adults who have ever tried a blunt used a flavored cigar wrapper [35]. Flavors
in cigar products may influence co-use patterns through altering perceptions of harm
and appeal. Flavored products are perceived as less harmful, and lower perceived risk is
associated with lower motivation to quit [36–40]. In addition, flavored products are viewed
as more appealing than non-flavored products [10] by making the products more palatable
and reinforcing, which could make them harder to quit [41,42]. Although these mechanisms
(appeal and harm) are supported by evidence for the role of flavor in use of cigars, no
studies have determined whether they operate similarly for the role of flavor in co-use of
cigars and cannabis, and motivation to quit co-use of these products. In addition, there is a
dearth of evidence on cross-substance policy impacts on co-use of cannabis and tobacco.

Research shows that availability of flavors facilitates cigarillo use through the mech-
anisms of increased appeal and reduced perceived harm of cigarillos [36–38,43], but it is
unknown whether cigarillo flavor similarly facilitates co-use of cigarillos and cannabis by
reducing motivation to quit through these same mechanisms. In this study, our aim was
to examine the role of cigarillo flavor, a potential regulatory target, in motivation to quit
cigarillos and cannabis among young adults who co-use these products. We hypothesized
that among co-users of cannabis and cigarillos, those who use flavored cigarillos will be
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less motivated to quit cannabis/cigarillo use than those who use unflavored cigarillos,
through increased cigarillo appeal and decreased perceived cigarillo harm.

2. Materials and Methods

Data are from a non-probability convenience sample of participants in the Cigarillos
Flavor and Abuse Liability, Attention, and Substitution (C-FLASH) Study. Young adult
cigarillo users were recruited (N = 392), and data were collected in a cross-sectional survey
conducted in 2020–2021. The present analysis was limited to cigarillo users who co-used
cannabis in the past 30 days (N = 218). All subjects gave their informed consent for inclusion
before they participated in the study. The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved by the Institutional Review Board
of Case Western Reserve University (#STUDY20191769).

2.1. Study Procedures

Participants were recruited via targeted advertisements posted on social media plat-
forms in 15 geographic regions determined by Youth Risk Behavior Surveillance System
data as having higher rates of cigar use [44,45]. Eligibility was determined using a brief,
web-based screening survey for individuals: (1) between the ages of 21 and 28 years;
(2) smoke an average of two cigarillos per week over the past month, and (3) willing to
provide informed consent and participate in the online survey. Participants who screened
eligible and provided their email address were sent an email inviting them to provide
informed consent and complete a secured online survey, and they received a USD 15 elec-
tronic gift card.

2.2. Study Measures
2.2.1. Dependent Variables

The dependent variables of interest were motivation to quit cannabis and cigaril-
los (separately). Participants responded to the following item, assessed separately for
each product: “On a scale of 1–10 (1 is least motivated and 10 is most motivated), how
motivated are you to quit using the following product: [unflavored/tobacco flavored
cigarillos]/[flavored cigarillos]/[marijuana, cannabis, hash, THC, grass, pot, or weed].”
Flavored cigarillos were those flavored to taste like fruit, sweets and candy, mint, alco-
hol, menthol, or some other flavor. All participants were asked to respond to motivation
to quit unflavored/tobacco-flavored cigarillos and flavored cigarillos, while only those
who reported ever trying cannabis were asked about motivation to quit cannabis. To
achieve an overall motivation to quit cigarillo score for those who reported using both
unflavored/tobacco- flavored cigarillos and flavored cigarillos, motivation to quit scores
for both product types were averaged to maintain a 1–10 scale.

2.2.2. Independent Variables

The primary independent variable of interest was usual flavored cigarillo use (“When
you use cigarillos, do you usually use flavors like fruit, sweets and candy, mint, alcohol,
menthol or other flavor?”) (yes/no). Based on the Social Contextual Model of Health
Behavior [46], a model that takes into account the social context in which health behaviors
occur, we examined factors at multiple levels of social ecology (individual, peer, and
environmental) to control for the broader context. These covariates included amount
usually spent per unit for cigarillos (money typically spent divided by amount typically
purchased), annual income, number of people in the household who smoke, frequency
of exposure to advertising that promotes smoking in the past six months, use of other
tobacco products (cigarettes/e-cigarettes/hookah/smokeless) in the past 30 days, nicotine
dependence (scale of 12 proposed items; Supplemental Table S1), living in a zip code
with a ban on flavored cigarillos (including menthol), and living in a state with legalized
recreational cannabis (https://disa.com/map-of-marijuana-legality-by-state, accessed on
11 March 2022).

https://disa.com/map-of-marijuana-legality-by-state
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2.2.3. Mediators and Effect Measure Modifiers

Appeal of flavored cigarillos (7-point Likert scale agreement with, “flavored cigarillos
are appealing”) and perceived cigarillo harm (scale of nine proposed items; Supplemental
Table S1) were hypothesized parallel mediators of the relationship between flavor use and
co-use. We examined effect measure modification by gender identity (male vs. female) and
race/ethnicity (racial/ethnic minority vs. white).

2.3. Data Analysis

For descriptive statistics, we calculated frequencies or means and standard devia-
tions, comparing those who usually use flavored cigarillos and those who do not with
Pearson’s Chi-square Test for Independence or Fisher’s Exact Test (for those with cell
sizes ≤ 5) [47] for categorical variables, and Student’s t-test for continuous variables. For
non-normally distributed continuous variables, we calculated median and interquartile
range and conducted a two-sample Wilcoxon rank-sum (Mann–Whitney) test for group
differences.

We used a structural equation model (SEM) to test the study hypothesis. First, we con-
ducted a confirmatory factor analysis (CFA) to assess measurement of nicotine dependence
as a covariate, and harm perceptions as a mediator. As different local and state jurisdictions
have varying laws related to tobacco control and legalization of cannabis, we accounted for
geographic clustering by state. We conducted multiple-group testing for gender identity
and race/ethnicity [10,19,38,48–54]. All SEM analyses were conducted in Mplus 8 after
data preparation in Stata SE 17 and multiple imputation to handle missing data in Blimp
Studio 1.3.5. Missing data ranged from 0–8% across variables of interest except the primary
outcome variables of interest, which were 14% (motivation to quit cigarillos) and 33%
(motivation to quit cannabis) missing. Data were missing at random, and we imputed
the data using latent fully conditional specification imputation methods. Fit indices and
parameter estimates were averaged across five imputed datasets. We used weighted least
square mean and variance adjusted estimation for inclusion of variables measured on an
ordinal scale. We present results as standardized parameter estimates.

2.3.1. Power Calculation

After data were collected, we used a test of “not close fit”, where the Root Mean
Square Error of Approximation (RMSEA) e0 = 0.06 and ea = 0.01, α = 0.05, and a sample
size of 218 were used to determine statistical power to conduct these analyses [55]. Using
R version 4.0.0 and Preacher’s online calculator [56], we determined that the proposed
measurement and structural models of the SEM had power of 0.99 and 0.91, respectively,
which is above the desired 0.80 [55].

2.3.2. Model Selection

After finalizing the measurement model based on assessment of fit (Comparative
Fit Index (CFI) and Tucker–Lewis Index (TLI) ≥ 0.95 [57], RMSEA estimate ≤ 0.06, and
upper 90% confidence limit ≤ 0.06 [55], and standardized root mean squared residual
(SRMR) ≤ 0.08 [57]) and any necessary theoretically acceptable modifications, we assessed
measurement invariance based on gender identity and race/ethnicity to determine whether
statistical models should be run separately [58]. We removed items with non-significant
standardized factor loadings of <0.40 or coefficients of determination (R2) of <0.50, which
may suggest that item is not a good indicator of the latent construct [59]. In the structural
models (two separate SEMs were run for motivation to quit cigarillos and motivation to
quit cannabis), we removed non-significant correlations from the model, if doing so did
not conflict with theory. Alternative models were compared: indirect effects from usual
flavored cigarillo use to motivation to quit through perceived harm and appeal (originally
hypothesized model; Figure 1), indirect effects through only one pathway (harm or appeal),
and no indirect effects.
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Figure 1. Conceptual Model Diagram (Originally Hypothesized Model): HH = household,
Ad = advertising, Tob = tobacco, Depend = dependence.

3. Results
3.1. Participant Characteristics

Participants (N = 218) were on average 24.6 years of age, and the majority identified
as male (56.2%) and reported income of <USD 25,000 per year (58.2%) (Table 1). About
one-third each identified as Black non-Hispanic, White non-Hispanic, or Hispanic. Most
reported using other tobacco products in the past 30 days (86.8%), usually using flavored
cigarillos (79.5%), rarely or sometimes seeing advertisements for smoking (66.5%), and
not living in an area with legalized recreational cannabis (71.2%) or a flavored cigarillo
ban (90.3%). Participants reported, on average, living with at least one smoker, spending
about USD 1.20 on cigarillos, and moderate symptoms of nicotine dependence (14.2 on a
scale of 0–32). Mean motivation to quit cigarillos and cannabis scores were 6.8 (SD = 2.9)
and 5.6 (SD = 2.4) out of 10, respectively. Compared to participants who usually smoke
unflavored/tobacco flavored cigarillos, those who usually smoke flavored cigarillos agreed
that flavored cigarillos are appealing, perceived lower cigarillo harm, and reported greater
motivation to quit cannabis.

Table 1. Demographics and Other Characteristics of C-FLASH Young Adults Who Used Cigarillos
and Cannabis in the Past 30 Days (N = 218).

Usually Smoke Flavored Cigarillos a

Total (N = 218) Yes (n = 163; 79.5%) No (n = 42; 20.5%) p Value

n % n % n %

Age, mean (SD) - 24.6 (2.2) - 24.6 (2.2) - 24.9 (2.3) 0.342 b

Gender

Male 122 56.2 96 59.3 23 54.8 0.578 c

Female 91 41.9 62 38.7 19 45.2

Gender non-conforming 4 1.8 4 2.5 0 0.0

Race

Black, non-Hispanic 60 28.8 43 27.2 13 32.5 0.218 d

White, non-Hispanic 62 29.8 45 28.5 15 37.5

Hispanic 58 25.4 50 31.7 6 15.0
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Table 1. Cont.

Usually Smoke Flavored Cigarillos a

Total (N = 218) Yes (n = 163; 79.5%) No (n = 42; 20.5%) p Value

n % n % n %

Other, non-Hispanic 28 13.5 20 12.7 6 15.0

Annual income

<USD 25,000 117 58.2 91 59.9 24 58.5 0.983 c

USD 25,000–49,999 55 27.4 40 26.3 12 29.3

USD 50,000–99,999 25 12.4 18 11.8 5 12.2

USD 100,000+ 4 2.0 3 2.0 0 0.0

# household smokers,
mean (SD) - 1.7 (0.8) - 1.8 (0.8) - 1.6 (0.8) 0.253 b

Other tobacco product use
(past 30 days)

No 30 9.2 21 12.9 9 21.4 0.162 d

Yes 188 86.8 142 87.1 33 78.6

Price usually paid for
cigarillos per unit usually
purchased, median (IQR)

- 1.2 (1.0) - 1.2 (1.0) - 1.0 (0.7) 0.608 e

Nicotine dependence f,
mean (SD, range)

- 14.2 (7.3,
0–32) - 14.3 (7.5,

0–32) - 12.1 (6.3,
2–30) 0.080 b

Frequency noticed
smoking ads (past

6 months)

Never 20 9.6 14 8.9 5 12.2 0.086 c

Rarely 65 31.1 46 29.1 18 43.9

Sometimes 74 35.4 57 36.1 12 29.3

Often 44 21.1 38 24.1 4 9.8

Very often 6 2.9 3 1.9 2 4.9

“Flavored cigarillos are
appealing”

Strongly disagree 8 3.7 2 1.2 6 14.6 <0.001 c

Disagree 8 3.7 4 2.5 3 7.3

Somewhat disagree 14 6.5 6 3.7 6 14.6

Neither disagree nor agree 25 11.6 14 8.6 9 22.0

Somewhat agree 46 21.3 38 23.5 6 14.6

Agree 59 27.3 46 28.4 9 22.0

Strongly agree 56 25.9 52 32.1 2 4.9

Perceived cigarillo harm f,
median (IQR, range)

- 15.0 (11.0,
0–21) - 14.0 (11.0,

0–21) - 21.0 (7.0,
7–21) <0.001 e

Live in area with flavored
cigarillo ban

No 196 90.3 144 88.3 40 95.2 0.151 c

Yes 21 9.7 19 11.7 2 4.8

Live in area with legalized
recreational cannabis
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Table 1. Cont.

Usually Smoke Flavored Cigarillos a

Total (N = 218) Yes (n = 163; 79.5%) No (n = 42; 20.5%) p Value

n % n % n %

No 161 71.2 122 74.9 34 81.0 0.408 d

Yes 56 25.8 42 25.2 8 19.1

Motivation to quit
cigarillos, mean (SD)

(1–10)
- 6.8 (2.9) - 6.7 (2.6) - 6.3 (2.9) 0.517 b

Motivation to quit
cannabis, mean (SD)

(1–10)
- 5.6 (2.4) - 5.7 (2.4) - 4.5 (2.4) 0.042 b

a n = 13 missing this item, imputed in SEM analyses; b Student’s t-test; c Fisher’s Exact Test; d Pearson’s Chi-square
Test for Independence; e two-sample Wilcoxon rank-sum (Mann–Whitney) test; f based on confirmatory factor
analysis results (see Table 2 for scale indicators); bolded p value indicates a statistically significant group difference.

Table 2. Standardized Factor Loadings for Items Assessing Perceived Cigarillo Harm and Nicotine
Dependence Among Young Adults Who Used Cigarillos and Cannabis in the Past 30 Days (N = 218).

Construct Variance Items a Factor Loading R2

Cigarillo Harm 59.8%

In general, how harmful do you think cigarillo smoking is
to a person’s health? 0.77 0.60

In general, how harmful do you think smoking a fruit-
flavored cigarillo is to a person’s health? 0.91 0.83

In general, how harmful do you think smoking a sweet
and candy-flavored cigarillo is to a person’s health? 0.94 0.88

In general, how harmful do you think smoking a mint-
flavored cigarillo is to a person’s health? 0.92 0.85

In general, how harmful do you think smoking an
alcohol-flavored cigarillo is to a person’s health? 0.89 0.80

In general, how harmful do you think smoking a
menthol-flavored cigarillo is to a person’s health? 0.88 0.77

In general, how harmful do you think smoking a
tobacco-flavored cigarillo is to a person’s health? 0.89 0.79

Nicotine
Dependence

59.1%

When I haven’t been able to smoke for a few hours, the
craving gets intolerable. 0.77 0.59

I drop everything to go out and buy tobacco products. 0.79 0.63

I find myself reaching for tobacco products without
thinking about it. 0.72 0.52

I chain smoke tobacco products. 0.71 0.51

I feel anxious when I run out of tobacco products. 0.83 0.68

The only thing that can calm me down is a
tobacco product. 0.78 0.61

I get irritated if I can’t smoke a tobacco product when I feel
like using one. 0.73 0.54

I think about how I will get my next tobacco product. 0.81 0.65

Fit Statistics for Measurement Model (averaged over 5 imputed datasets): RMSEA = 0.045, SD = 0.001; CFI = 0.994,
SD = 0.000; TFI = 0.993, SD = 0.000; SRMR = 0.073, SD = 0.000. a All items had the following response options:
(perceived harm) Not at all harmful, Somewhat harmful, Moderately harmful, Very harmful; (nicotine dependence)
Never, Rarely, Sometimes, Often, Always.
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3.2. Measurement Model

Results of the CFA confirm a two-factor measurement model with seven indicators
of harm perceptions (absolute harm of cigarillos and each type of cigarillo flavor) and
eight indicators of nicotine dependence (items related to frequent product use, withdrawal
symptoms, persistent use despite negative consequences, and craving) (Table 2). The final
model had good fit and was invariant across gender identity and race/ethnicity. Three
items hypothesized to load onto perceived harm and four items hypothesized to load onto
nicotine dependence were dropped due to low factor loadings (Supplemental Table S1).
The model explained 59.8% and 59.1% of the total variance in harm and dependence,
respectively (both variances were statistically significant at p < 0.001), which is considered
acceptable in CFA [60].

3.3. General SEM

Model fit indices of the hypothesized general SEM did not support an indirect effect
of flavored cigarillo use on motivation to quit through cigarillo harm perceptions (for both
models measuring motivation to quit each product). Modifying the models to specify only
an indirect effect through flavored cigarillo appeal resulted in the best model fit among
competing models [57]. However, no findings involving usual use of a flavored cigarillo
were statistically significant except that flavored use was a significant predictor of flavor
appeal across all models (Table 3; Supplemental Figure S1).

Table 3. Structural Equation Model Fit Statistics and Standardized Path Estimates.

Fit Statistic, Mean (SD) a Motivation to Quit Cigarillos Motivation to Quit
Cannabis

RMSEA 0.030 (0.003) 0.026 (0.006) 0.030 (0.003)

CFI 0.991 (0.001) 0.994 (0.002) 0.991 (0.001)

TLI 0.990 (0.002) 0.994 (0.002) 0.990 (0.002)

SRMR 0.074 (0.000) 0.104 (0.000) 0.074 (0.000)

Pathway, β (95% CI) Overall Racial/Ethnic Minority White Overall

Usual Flavor (UF)

UF to Appeal 0.43 (0.27, 0.59) 0.35 (0.07, 0.64) 0.83 (0.48, 1.19) 0.43 (0.27, 0.58)

UF to Motivation to Quit (Direct) 0.04 (−0.10, 0.18) 0.16 (−0.07, 0.39) 0.16 (−0.07, 0.40) 0.08 (−0.11, 0.26)

UF to Appeal to Motivation to
Quit (Indirect) −0.01 (−0.08, 0.06) −0.01 (−0.07, 0.05) −0.17 (−0.41, 0.07) −0.02 (−0.08, 0.05)

UF Total 0.03 (−0.10, 0.16) 0.15 (−0.07, 0.38) −0.01 (−0.24, 0.23) 0.06 (−0.08, 0.20)

Covariates

Harm to Motivation to Quit 0.17 (0.00, 0.33) 0.29 (−0.01, 0.59) 0.10 (−0.20, 0.39) −0.11 (−0.26, 0.05)

Appeal to Motivation to Quit −0.02 (−0.19, 0.14) −0.03 (−0.20, 0.14) −0.20 (−0.46, 0.06) −0.04 (−0.19, 0.12)

Per unit price (ln) to Motivation to Quit 0.10 (−0.12, 0.31) 0.13 (−0.07, 0.34) 0.14 (−0.08, 0.35) −0.02 (−0.22, 0.19)

Dependence to Motivation to Quit −0.17 (−0.38, 0.05) −0.17 (−0.38, 0.04) −0.17 (−0.39, 0.04) 0.11 (−0.07, 0.29)

Income to Motivation to Quit −0.09 (−0.20, 0.02) −0.13 (−0.25, −0.02) −0.14 (−0.15, 0.10) 0.01 (−0.17, 0.18)

Household Smokers to Motivation to Quit −0.03 (−0.16, 0.09) −0.03 (−0.15, 0.10) −0.03 (−0.10, 0.34) −0.04 (−0.14, 0.07)

Ad Exposure to Motivation to Quit 0.12 (0.00, 0.24) 0.12 (−0.01, −0.24) 0.12 (−0.01, 0.25) 0.08 (−0.06, 0.21)

Other Tobacco Use to Motivation to Quit 0.07 (−0.05, 0.20) 0.04 (−0.09, 0.17) 0.04 (−0.09, 0.17) 0.02 (−0.14, 0.32)

Flavor Ban to Motivation to Quit −0.04 (−0.11, 0.03) 0.04 (−0.08, 0.15) 0.04 (−0.08, 0.16) −0.00 (−0.14, 0.14)

Legal Recreational Motivation to Quit 0.12 (−0.06, 0.30) 0.10 (−0.10, 0.30) 0.10 (−0.10, 0.30) 0.05 (−0.11, 0.20)

R2 for Motivation to Quit

0.05 0.09 0.07 0.06
a Averaged across 5 imputed datasets; to see RMSEA 90% Confidence Intervals for each dataset, see Supplemental
Table S2. RMSEA = Root Mean Square Error of Approximation; CFI = Comparative Fit Index; TLI = Tucker–Lewis
Index; SRMR = standardized root mean squared residual; bold estimates are statistically significant at p < 0.05.
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Perceived harm of cigarillos was significantly positively associated with motivation
to quit cigarillos (β = 0.17, 95% CI = 0.00, 0.33), but this effect was not observed when
disaggregated by race/ethnicity. More frequent exposure to smoking advertisements in the
past six months was positively associated with motivation to quit cigarillos (β = 0.12, 95%
CI = 0.00, 0.24). Multiple group testing revealed there were racial/ethnic differences in the
magnitude of the parameter estimates for model pathways from perceived harm and flavor
appeal to motivation to quit cigarillos, so parameter estimates are presented separately, but
the estimates were not statistically significant. Additionally, among racial/ethnic minority
young adults, annual income was negatively associated with motivation to quit cigarillos
(β = −0.13, 95% CI = −0.25, −0.02). The model was invariant by gender identity.

There were no significant predictors of motivation to quit cannabis use. The model
was invariant across categories of gender identity and race/ethnicity. For both models
(motivation to quit cannabis and cigarillos), the proportion of variance in motivation to
quit explained by the models was low and non-significant (R2 < 0.10).

4. Discussion

This study was the first to directly assess the role that cigarillo flavor plays in patterns
of co-use of cigarillos and cannabis among a sample of young adults, particularly motivation
to quit using these products. About 80% of young adult cigarillo and cannabis co-users
in this sample usually smoked a flavored cigarillo, which is consistent with other studies
finding that 80–90% of cigar/cannabis co-users prefer a flavored cigar [35,61]. Motivation
to quit cigarillos was higher than motivation to quit cannabis and it was comparable to quit
interest among co-users of tobacco and cannabis in a similar study [28]. Contrary to our
hypotheses, usual flavored cigarillo use was not significantly associated with motivation
to quit cigarillos or cannabis directly or indirectly through increased appeal of flavored
cigarillos. Although usual flavored cigarillo use and perceived appeal of flavored cigarillos
were positively associated, as expected [42], there was no relationship between appeal
and motivation to quit. Regarding motivation to quit cannabis, some qualitative research
suggests that flavors mask the smell of cannabis or enhance the high, so it is possible that
flavor is not necessarily appealing for co-users, but has a more utilitarian purpose [32–34].
The evidence is fairly robust that menthol in cigarettes may reduce successful cessation of
cigarettes [62], but there is limited research on the impact of flavor in quitting or intention
to quit cigar products. One mechanism by which menthol has been hypothesized to reduce
quitting is by increasing nicotine dependence through increased use [41]. Cigarillos may
be used differently than cigarettes, particularly among co-users with cannabis, whose use
patterns may differ based on the type of co-use (sequential, co-administration, etc.) [63–66].
Despite the appeal of flavors, cigarillo use is more social [67,68] and cigarillo smokers tend
to smoke less frequently than cigarette smokers [69], so cigarillo use can result in lower
nicotine dependence [70,71]; therefore, a lack of physical dependence symptoms may lessen
intention to quit.

There was also no effect between usual use of a flavored cigarillo and motivation to
quit through perceived cigarillo harm, but there was a positive direct effect of perceived
harm on motivation to quit cigarillos. This is consistent with evidence that the greater
perceived risk of one’s tobacco use, the greater intention to quit using [39,72]. Interestingly,
although not statistically significant, there was an opposing trend for motivation to quit
cannabis. Specifically, there was a trend toward lower perceived cigarillo harm being
associated with greater motivation to quit cannabis. Studies show that cannabis use can
be viewed as less harmful than cigar smoking, and blunt use in particular is seen as less
harmful than using cigars with tobacco [37,73]. Therefore, co-users in this study may have
been more interested in quitting cigarillos (with tobacco) if cigarillos were viewed as more
harmful, but more interested in quitting cannabis if cigarillos were viewed as less harmful,
which might suggest they are substitutes. Other evidence is mixed on whether tobacco
and cannabis are substitutes or complements [25,26,32,63,74]. More research is needed to
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understand these complex patterns, particularly to explore motivations to co-use and quit
co-using related to relative risk perceptions.

There was also no direct effect of usual flavored cigarillo use on motivation to quit
cigarillos or cannabis. Given that most co-users in this sample used flavored cigarillos
and other studies suggest that using flavored cigar wrappers for blunts is common [35],
flavor may be more of a default option and thus not be a factor of concern when deciding
to co-use or quit co-using. Future studies should further explore the importance of flavor
in co-use with cannabis as well as the likelihood of quitting each product if flavors were
to be banned through a product standard in the US or in other countries or jurisdictions.
Evaluation is also needed in countries with different policy environments (e.g., in Canada
where flavored cigars are banned and cannabis is legalized) [16].

Greater exposure to past 6-month smoking advertising was found to be associated
with greater motivation to quit cigarillos. Research suggests that advertising exposure
reduces the likelihood of successfully quitting [75,76]. However, one study found young
adults exposed to cigarette advertising were more likely to try using e-cigarettes to quit [77],
and another found greater number of quit attempts with exposure to tobacco advertis-
ing [78]. This could indicate that those noticing advertisements more often may be more
cognizant of their tobacco use, or perhaps they are also being exposed to tobacco warnings,
which was not accounted for in this study. Another significant predictor of motivation to
quit cigarillos in our study was annual income. Specifically, among racial/ethnic minorities,
lower annual income was associated with greater motivation to quit. Among young adults,
being unemployed is associated with greater intention to quit [79], and another study found
greater intention to quit among Black Americans compared with White Americans [80].
Despite this, low-income and Black smokers have been found to be less likely to quit than
their counterparts [81,82]. This could be due to targeted tobacco industry marketing, price
promotions, and inadequate access to evidence-based cessation treatment, among other fac-
tors [8,83]. Efforts to reduce co-use behaviors may need to consider exposure to marketing
in one’s environment and potential targeting of messaging or policy interventions to benefit
marginalized populations. In addition, expansion of evidence-based smoking cessation to
integrate concurrent cessation of combustible cannabis may also be necessary, as evidence
suggests combustible tobacco cessation is less likely among cannabis smokers [84], and
co-users who use tobacco routes of cannabis administration are less motivated to reduce
tobacco use than those who use non-tobacco routes of administration [85].

Previous analyses of these data found less co-use among people who live in an area
with a ban on flavored cigarillos [86], which could suggest removing flavored cigar products
could reduce cannabis use. As the vast majority of cigarillos are flavored, a flavor ban
may result in reduced availability of cigarillos and blunt wraps, consistent with what was
found in an analysis of flavor bans in California [87]. However, living in an area with a
flavor ban was not related to motivation to quit cigarillo or cannabis use in this study. A
possible explanation could relate to combustible cannabis users switching to other forms of
cannabis (e.g., edibles) when flavored cigars are not available versus being motivated to
quit all cannabis use. We should note that in our study, a higher proportion of co-users who
usually smoked flavored cigarillos lived in areas with a flavored cigarillo ban than those
who did not usually smoke flavored cigarillos. Policies are possibly being implemented in
areas where a higher proportion of flavored users reside, and/or there may be variability
in the strength and enforcement of flavor bans [88].

There were no significant predictors of motivation to quit cannabis use in this study.
Given that the proportion of variance in this outcome explained by the model was only 6%
(non-significant), there are likely other factors contributing to cannabis use among young
adults who use cigarillos that were not assessed in this study.

Limitations

The proportion of variance explained by the models we ran was <10% and not statisti-
cally significant. Other factors, not measured in this study, are likely driving motivations
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to quit cigarillos and cannabis, and could be targeted in interventions. However, we
sought to measure the role of flavor, and assessment of other factors would not likely
change the relationship between flavor and motivation to quit in this sample. We did not
measure how participants specifically co-use cannabis with cigarillos (i.e., sequentially
using, co-administering, using within the same time period but on separate occasions),
which may relate differently to the variables we explored in our models. We also did not
explore differences by preferred flavor type used, which could reveal heterogeneity of
effects. The sampling frame focused on cigarillo users, so our findings may not be able to
be generalized to individuals who use other combinations of tobacco and cannabis, such
as non-combustible forms of cannabis and tobacco use. Notwithstanding, given that com-
bustible tobacco diminishes success of tobacco cessation, contributes to the most significant
health harms, and is disproportionately used by vulnerable populations, we believe this
is a critical population of co-users to examine. As a cross-sectional study, we cannot infer
causal relationships from this model. However, SEM methodology allowed us to examine
indirect effects, multiple relevant pathways simultaneously, and valid measurement of
two important variables. Due to power limitations, we combined groups for multiple
group testing, which masked possible heterogeneity across racial ethnic minoritized groups.
However, we chose to group this way to look for differences between those who are more
historically marginalized and may experience the effects of systemic racism in the US
versus those who do not to highlight whether policy change (e.g., flavor bans) may be more
or less impactful for vulnerable groups.

5. Conclusions

Flavor restrictions have great potential to reduce prevalence of tobacco use, especially
for cigar smokers, and have begun to show public health impact at the local level in the
US [88] and other places globally [89]. Unintended consequences will need to continue to be
monitored, including differential impact of restrictions on advantaged vs. disadvantaged
groups, responsive shifts in the flavor market by tobacco companies (i.e., flavors invoking
cannabis), and impacts on other use of other substances, like cannabis. This study found
no relationship between cigarillo flavor use and motivation to quit (cigarillos or cannabis)
among co-users of cigarillos and cannabis, suggesting that a possible product standard to
ban flavors in cigar products and cigar flavor bans on the local level may have a neutral
impact on co-use with cannabis among young adults. This also suggests that for co-using
young adults, removal of flavored cigarillos from the market may not deter them from
continuing to smoke. However, the growing evidence that flavor restrictions can reduce
tobacco use in other populations not limited to co-users [15] indicate that more research
is needed to better understand behaviors among the co-using subpopulation, including
patterns of and reasons for use. Given the positive relationship between perceived harm
of cigarillos and motivation to quit cigarillos in this study, efforts to inform the public on
the harms of cigarillos are needed, including communication campaigns and, in the US,
reinstating required warning labels on cigar products [90]. Further research is needed to
explore the interaction between tobacco and cannabis policy and use of these products.
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Author Contributions: A.M.G., J.M.N., E.S.T. and E.G.K. conceptualized the study. A.M.G. developed
the methodology and conducted the formal analysis. A.M.G., E.S.T., E.G.K. and A.J.Q. acquired
funding for the study. E.S.T., E.G.K. and A.J.Q. collected the data. J.M.N., E.S.T. and E.G.K. provided
supervision of the overall project, A.B.S. provided supervision of the analysis. A.M.G. conducted
visualization and wrote the original draft. All authors have read and agreed to the published version
of the manuscript.

https://www.mdpi.com/article/10.3390/ijerph19095727/s1
https://www.mdpi.com/article/10.3390/ijerph19095727/s1


Int. J. Environ. Res. Public Health 2022, 19, 5727 12 of 15

Funding: This research is supported by that National Institute on Drug Abuse of the National Insti-
tutes of Health under award numbers 5R01DA048529-03 (cover publication costs) and 3R01DA048529-
03S1. JMN is supported by National Cancer Institute award number 1K07CA216321-01A1.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of
Case Western Reserve University (#STUDY20191769).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ongoing analyses by the study team.

Acknowledgments: The authors would like to thank non-author members of A.G.’s PhD dissertation
committee (Micah Berman and Darren Mays) for their guidance in supporting this project. We would
also like to thank Natasha Bowen for her guidance in structural equation modeling.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. World Health Organization. WHO Report on the Global Tobacco Epidemic, 2017; World Health Organization: Geneva, Switzerland, 2017.
2. Creamer, M.R.; Wang, T.W.; Babb, S.; Cullen, K.A.; Day, H.; Willis, G.; Jamal, A.; Neff, L. Tobacco Product Use and Cessation

Indicators among Adults—United States, 2018. MMWR Morb. Mortal. Wkly. Rep. 2019, 68, 1013–1019. [CrossRef]
3. U.S. Department of Health and Human Services. The Health Consequences of Smoking—50 Years of Progress: A Report of the Surgeon

General; U.S. Department of Health and Human Services, Centers for Disease Control and Prevention, National Center for Chronic
Disease Prevention and Health Promotion, Office on Smoking and Health: Atlanta, GA, USA, 2014.

4. Gentzke, A.S.; Creamer, M.; Cullen, K.A.; Ambrose, B.K.; Willis, G.; Jamal, A.; King, B.A. Vital Signs: Tobacco Product Use among
Middle and High School Students—United States, 2011–2018. MMWR Morb. Mortal. Wkly. Rep. 2019, 68, 157–164. [CrossRef]
[PubMed]

5. Cornelius, M.E.; Wang, T.W.; Jamal, A.; Loretan, C.G.; Neff, L.J. Tobacco Product Use among Adults—United States, 2019. MMWR
Morb. Mortal. Wkly. Rep. 2020, 69, 1736–1742. [CrossRef] [PubMed]

6. Phan, L.; McNeel, T.S.; Choi, K. Prevalence of current large cigar versus little cigar/cigarillo smoking among U.S. adults,
2018–2019. Prev. Med. Rep. 2021, 24, 101534. [CrossRef] [PubMed]

7. Chen-Sankey, J.C.; Mead-Morse, E.L.; Le, D.; Rose, S.W.; Quisenberry, A.J.; Delnevo, C.D.; Choi, K. Cigar-Smoking Patterns
by Race/Ethnicity and Cigar Type: A Nationally Representative Survey among U.S. Adults. Am. J. Prev. Med. 2021, 60, 87–94.
[CrossRef]

8. Kong, A.Y.; Queen, T.L.; Golden, S.D.; Ribisl, K.M. Neighborhood Disparities in the Availability, Advertising, Promotion, and
Youth Appeal of Little Cigars and Cigarillos, United States, 2015. Nicotine Tob. Res. 2020, 22, 2170–2177. [CrossRef] [PubMed]

9. Kuiper, N.M.; Gammon, D.; Loomis, B.; Falvey, K.; Wang, T.W.; King, B.A.; Rogers, T. Trends in Sales of Flavored and Menthol
Tobacco Products in the United States during 2011–2015. Nicotine Tob. Res. 2018, 20, 698–706. [CrossRef]

10. Huang, L.L.; Baker, H.M.; Meernik, C.; Ranney, L.M.; Richardson, A.; Goldstein, A.O. Impact of non-menthol flavours in tobacco
products on perceptions and use among youth, young adults and adults: A systematic review. Tob. Control 2017, 26, 709–719.
[CrossRef]

11. Villanti, A.C.; Johnson, A.L.; Glasser, A.M.; Rose, S.W.; Ambrose, B.K.; Conway, K.P.; Cummings, K.M.; Stanton, C.A.; Edwards,
K.C.; Delnevo, C.D.; et al. Association of Flavored Tobacco Use with Tobacco Initiation and Subsequent Use among US Youth and
Adults, 2013–2015. JAMA Netw. Open 2019, 2, e1913804. [CrossRef]

12. U.S. Food & Drug Administration. FDA Commits to Evidence-Based Actions Aimed at Saving Lives and Preventing Future
Generations of Smokers. Available online: https://www.fda.gov/news-events/press-announcements/fda-commits-evidence-
based-actions-aimed-saving-lives-and-preventing-future-generations-smokersv (accessed on 29 April 2021).

13. Villanti, A.C.; Johnson, A.L.; Ambrose, B.K.; Cummings, K.M.; Stanton, C.A.; Rose, S.W.; Feirman, S.P.; Tworek, C.; Glasser,
A.M.; Pearson, J.L.; et al. Flavored Tobacco Product Use in Youth and Adults: Findings from the First Wave of the PATH Study
(2013–2014). Am. J. Prev. Med. 2017, 53, 139–151. [CrossRef]

14. Cadham, C.J.; Sanchez-Romero, L.M.; Fleischer, N.L.; Mistry, R.; Hirschtick, J.L.; Meza, R.; Levy, D.T. The actual and anticipated
effects of a menthol cigarette ban: A scoping review. BMC Public Health 2020, 20, 1055. [CrossRef] [PubMed]

15. Rogers, T.; Brown, E.M.; Siegel-Reamer, L.; Rahman, B.; Feld, A.L.; Patel, M.; Vallone, D.; Schillo, B.A. A Comprehensive
Qualitative Review of Studies Evaluating the Impact of Local US Laws Restricting the Sale of Flavored and Menthol Tobacco
Products. Nicotine Tob. Res. 2022, 24, 433–443. [CrossRef] [PubMed]

16. Erinoso, O.; Clegg Smith, K.; Iacobelli, M.; Saraf, S.; Welding, K.; Cohen, J.E. Global review of tobacco product flavour policies.
Tob. Control 2020, 30, 373–379. [CrossRef]

http://doi.org/10.15585/mmwr.mm6845a2
http://doi.org/10.15585/mmwr.mm6806e1
http://www.ncbi.nlm.nih.gov/pubmed/30763302
http://doi.org/10.15585/mmwr.mm6946a4
http://www.ncbi.nlm.nih.gov/pubmed/33211681
http://doi.org/10.1016/j.pmedr.2021.101534
http://www.ncbi.nlm.nih.gov/pubmed/34976610
http://doi.org/10.1016/j.amepre.2020.07.005
http://doi.org/10.1093/ntr/ntaa005
http://www.ncbi.nlm.nih.gov/pubmed/31917833
http://doi.org/10.1093/ntr/ntx123
http://doi.org/10.1136/tobaccocontrol-2016-053196
http://doi.org/10.1001/jamanetworkopen.2019.13804
https://www.fda.gov/news-events/press-announcements/fda-commits-evidence-based-actions-aimed-saving-lives-and-preventing-future-generations-smokersv
https://www.fda.gov/news-events/press-announcements/fda-commits-evidence-based-actions-aimed-saving-lives-and-preventing-future-generations-smokersv
http://doi.org/10.1016/j.amepre.2017.01.026
http://doi.org/10.1186/s12889-020-09055-z
http://www.ncbi.nlm.nih.gov/pubmed/32641026
http://doi.org/10.1093/ntr/ntab188
http://www.ncbi.nlm.nih.gov/pubmed/34525207
http://doi.org/10.1136/tobaccocontrol-2019-055454


Int. J. Environ. Res. Public Health 2022, 19, 5727 13 of 15

17. Mauro, P.M.; Carliner, H.; Brown, Q.L.; Hasin, D.S.; Shmulewitz, D.; Rahim-Juwel, R.; Sarvet, A.L.; Wall, M.M.; Martins, S.S.
Age Differences in Daily and Nondaily Cannabis Use in the United States, 2002–2014. J. Stud. Alcohol Drugs 2018, 79, 423–431.
[CrossRef] [PubMed]

18. National Academy of Sciences, Engineering and Medicine (NASEM). The Health Effects of Cannabis and Cannabinoids: The Current
State of Evidence and Recommendations for Research; The National Academies Collection: Reports funded by National Institutes of
Health; NASEM: Washington, DC, USA, 2017.

19. Schauer, G.L.; Peters, E.N. Correlates and trends in youth co-use of marijuana and tobacco in the United States, 2005–2014. Drug
Alcohol Depend. 2018, 185, 238–244. [CrossRef] [PubMed]

20. Schauer, G.L.; Berg, C.J.; Kegler, M.C.; Donovan, D.M.; Windle, M. Differences in Tobacco Product Use among Past Month Adult
Marijuana Users and Nonusers: Findings from the 2003–2012 National Survey on Drug Use and Health. Nicotine Tob. Res. 2016,
18, 281–288. [CrossRef]

21. Meier, E.; Hatsukami, D.K. A review of the additive health risk of cannabis and tobacco co-use. Drug Alcohol Depend. 2016,
166, 6–12. [CrossRef]

22. Montgomery, L. Marijuana and tobacco use and co-use among African Americans: Results from the 2013, National Survey on
Drug Use and Health. Addict. Behav. 2015, 51, 18–23. [CrossRef]

23. Albert, E.L.; Ishler, K.J.; Perovsek, R.; Trapl, E.S.; Flocke, S.A. Tobacco and Marijuana Co-Use Behaviors among Cigarillo Users.
Tob. Regul. Sci. 2020, 6, 306–317. [CrossRef]

24. Vogel, E.A.; Rubinstein, M.L.; Prochaska, J.J.; Ramo, D.E. Associations between marijuana use and tobacco cessation outcomes in
young adults. J. Subst. Abus. Treat. 2018, 94, 69–73. [CrossRef]

25. Agrawal, A.; Budney, A.J.; Lynskey, M.T. The co-occurring use and misuse of cannabis and tobacco: A review. Addiction 2012, 107,
1221–1233. [CrossRef] [PubMed]

26. Lemyre, A.; Poliakova, N.; Belanger, R.E. The Relationship between Tobacco and Cannabis Use: A Review. Subst. Use Misuse 2019,
54, 130–145. [CrossRef]

27. Driezen, P.; Gravely, S.; Wadsworth, E.; Smith, D.M.; Loewen, R.; Hammond, D.; Li, L.; Abramovici, H.; McNeill, A.;
Borland, R.; et al. Increasing Cannabis Use Is Associated with Poorer Cigarette Smoking Cessation Outcomes: Findings from the
ITC Four Country Smoking and Vaping Surveys, 2016–2018. Nicotine Tob. Res. 2022, 24, 53–59. [CrossRef] [PubMed]

28. McClure, E.A.; Tomko, R.L.; Salazar, C.A.; Akbar, S.A.; Squeglia, L.M.; Herrmann, E.; Carpenter, M.J.; Peters, E.N. Tobacco
and cannabis co-use: Drug substitution, quit interest, and cessation preferences. Exp. Clin. Psychopharmacol. 2019, 27, 265–275.
[CrossRef] [PubMed]

29. Strong, D.R.; Myers, M.G.; Pulvers, K.; Noble, M.; Brikmanis, K.; Doran, N. Marijuana use among US tobacco users: Findings
from wave 1 of the population assessment of tobacco health (PATH) study. Drug Alcohol Depend. 2018, 186, 16–22. [CrossRef]
[PubMed]

30. Seaman, E.L.; Stanton, C.A.; Edwards, K.C.; Halenar, M.J. Use of tobacco products/devices for marijuana consumption and
association with substance use problems among U.S. young adults (2015–2016). Addict. Behav. 2020, 102, 106133. [CrossRef]
[PubMed]

31. Audrain-McGovern, J.; Rodriguez, D.; Alexander, E.; Pianin, S.; Sterling, K.L. Association Between Adolescent Blunt Use and the
Uptake of Cigars. JAMA Netw. Open 2019, 2, e1917001. [CrossRef]

32. Antognoli, E.; Koopman Gonzalez, S.; Trapl, E.; Cavallo, D.; Lim, R.; Lavanty, B.; Flocke, S. The Social Context of Adolescent
Co-Use of Cigarillos and Marijuana Blunts. Subst. Use Misuse 2018, 53, 654–661. [CrossRef]

33. Kong, G.; Cavallo, D.A.; Goldberg, A.; LaVallee, H.; Krishnan-Sarin, S. Blunt Use among Adolescents and Young Adults:
Informing Cigar Regulations. Tob. Regul. Sci. 2018, 4, 50–60. [CrossRef]

34. Giovenco, D.P.; Miller Lo, E.J.; Lewis, M.J.; Delnevo, C.D. “They’re Pretty Much Made for Blunts”: Product Features That Facilitate
Marijuana Use among Young Adult Cigarillo Users in the United States. Nicotine Tob. Res. 2017, 19, 1359–1364. [CrossRef]

35. Rosenberry, Z.R.; Schauer, G.L.; Kim, H.; Peters, E. The Use of Flavored Cigars to Smoke Marijuana in a Sample of US Adults
Co-using Cigarettes and Marijuana. Tob. Regul. Sci. 2017, 3, S94–S100. [CrossRef]

36. Sterling, K.L.; Jones, D.M.; Majeed, B.; Nyman, A.L.; Weaver, S.R. Affect Predicts Small Cigar Use in a National Sample of US
Young Adults. Tob. Regul. Sci. 2019, 5, 253–263. [CrossRef] [PubMed]

37. Sterling, K.L.; Fryer, C.S.; Fagan, P. The Most Natural Tobacco Used: A Qualitative Investigation of Young Adult Smokers’ Risk
Perceptions of Flavored Little Cigars and Cigarillos. Nicotine Tob. Res. 2016, 18, 827–833. [CrossRef] [PubMed]

38. Nyman, A.L.; Sterling, K.L.; Majeed, B.A.; Jones, D.M.; Eriksen, M.P. Flavors and Risk: Perceptions of Flavors in Little Cigars and
Cigarillos among U.S. Adults, 2015. Nicotine Tob. Res. 2018, 20, 1055–1061. [CrossRef]

39. Lin, W.; Martinez, S.A.; Ding, K.; Beebe, L.A. Knowledge and Perceptions of Tobacco-Related Harm Associated with Intention to
Quit among Cigarette Smokers, e-Cigarette Users, and Dual Users: Findings from the US Population Assessment of Tobacco and
Health (PATH) Wave 1. Subst. Use Misuse 2021, 56, 464–470. [CrossRef]

40. Popova, L.; Majeed, B.; Owusu, D.; Spears, C.A.; Ashley, D.L. Who are the smokers who never plan to quit and what do they
think about the risks of using tobacco products? Addict. Behav. 2018, 87, 62–68. [CrossRef]

41. Foulds, J.; Hooper, M.W.; Pletcher, M.J.; Okuyemi, K.S. Do smokers of menthol cigarettes find it harder to quit smoking? Nicotine
Tob. Res. 2010, 12 (Suppl. 2), S102–S109. [CrossRef]

http://doi.org/10.15288/jsad.2018.79.423
http://www.ncbi.nlm.nih.gov/pubmed/29885150
http://doi.org/10.1016/j.drugalcdep.2017.12.007
http://www.ncbi.nlm.nih.gov/pubmed/29471228
http://doi.org/10.1093/ntr/ntv093
http://doi.org/10.1016/j.drugalcdep.2016.07.013
http://doi.org/10.1016/j.addbeh.2015.06.046
http://doi.org/10.18001/TRS.6.5.1
http://doi.org/10.1016/j.jsat.2018.08.010
http://doi.org/10.1111/j.1360-0443.2012.03837.x
http://www.ncbi.nlm.nih.gov/pubmed/22300456
http://doi.org/10.1080/10826084.2018.1512623
http://doi.org/10.1093/ntr/ntab122
http://www.ncbi.nlm.nih.gov/pubmed/34111281
http://doi.org/10.1037/pha0000244
http://www.ncbi.nlm.nih.gov/pubmed/30556733
http://doi.org/10.1016/j.drugalcdep.2017.12.044
http://www.ncbi.nlm.nih.gov/pubmed/29529455
http://doi.org/10.1016/j.addbeh.2019.106133
http://www.ncbi.nlm.nih.gov/pubmed/31704431
http://doi.org/10.1001/jamanetworkopen.2019.17001
http://doi.org/10.1080/10826084.2017.1355388
http://doi.org/10.18001/TRS.4.5.5
http://doi.org/10.1093/ntr/ntw182
http://doi.org/10.18001/TRS.3.2(Suppl1).10
http://doi.org/10.18001/TRS.5.3.4
http://www.ncbi.nlm.nih.gov/pubmed/31656828
http://doi.org/10.1093/ntr/ntv151
http://www.ncbi.nlm.nih.gov/pubmed/26175458
http://doi.org/10.1093/ntr/ntx153
http://doi.org/10.1080/10826084.2021.1879145
http://doi.org/10.1016/j.addbeh.2018.06.024
http://doi.org/10.1093/ntr/ntq166


Int. J. Environ. Res. Public Health 2022, 19, 5727 14 of 15

42. Sterling, K.L.; Fryer, C.S.; Nix, M.; Fagan, P. Appeal and Impact of Characterizing Flavors on Young Adult Small Cigar Use. Tob.
Regul. Sci. 2015, 1, 42–53. [CrossRef]

43. Setodji, C.M.; Martino, S.C.; Gong, M.; Dunbar, M.S.; Kusuke, D.; Sicker, A.; Shadel, W.G. How do tobacco power walls influence
adolescents? A study of mediating mechanisms. Health Psychol. Off. J. Div. Health Psychol. Am. Psychol. Assoc. 2018, 37, 188–193.
[CrossRef]

44. Centers for Disease Control and Prevention. Youth Risk Behavior Surveillance System (YRBSS). Available online: https:
//www.cdc.gov/healthyyouth/data/yrbs/index.htm (accessed on 23 October 2021).

45. Kann, L.; McManus, T.; Harris, W.A.; Shanklin, S.L.; Flint, K.H.; Queen, B.; Lowry, R.; Chyen, D.; Whittle, L.; Thornton, J.; et al.
Youth Risk Behavior Surveillance—United States, 2017. MMWR Surveill. Summ. 2018, 67, 1–114. [CrossRef]

46. Sorensen, G.; Emmons, K.; Hunt, M.K.; Barbeau, E.; Goldman, R.; Peterson, K.; Kuntz, K.; Stoddard, A.; Berkman, L. Model for
incorporating social context in health behavior interventions: Applications for cancer prevention for working-class, multiethnic
populations. Prev. Med. 2003, 37, 188–197. [CrossRef]

47. Kim, H.Y. Statistical notes for clinical researchers: Chi-squared test and Fisher’s exact test. Restor. Dent. Endod. 2017, 42, 152–155.
[CrossRef] [PubMed]

48. Sterling, K.; Fryer, C.; Pagano, I.; Jones, D.; Fagan, P. Association between menthol-flavoured cigarette smoking and flavoured
little cigar and cigarillo use among African-American, Hispanic, and white young and middle-aged adult smokers. Tob. Control
2016, 25, ii21–ii31. [CrossRef] [PubMed]

49. Ganz, O.; Johnson, A.L.; Cohn, A.M.; Rath, J.; Horn, K.; Vallone, D.; Villanti, A.C. Tobacco harm perceptions and use among
sexual and gender minorities: Findings from a national sample of young adults in the United States. Addict. Behav. 2018, 81,
104–108. [CrossRef] [PubMed]

50. Gonzales, G. Differences in 30-Day Marijuana Use by Sexual Orientation Identity: Population-Based Evidence from Seven States.
LGBT Health 2020, 7, 60–67. [CrossRef]

51. Odani, S.; Armour, B.; Agaku, I.T. Flavored Tobacco Product Use and Its Association with Indicators of Tobacco Dependence
among US Adults, 2014–2015. Nicotine Tob. Res. 2020, 22, 1004–1015. [CrossRef]

52. Apollonio, D.E.; Spetz, J.; Schmidt, L.; Jacobs, L.; Kaur, M.; Ramo, D. Prevalence and Correlates of Simultaneous and Separate
30-Day Use of Tobacco and Cannabis: Results from the California Adult Tobacco Survey. Subst. Use Misuse 2019, 54, 1627–1632.
[CrossRef]

53. Cohn, A.; Johnson, A.; Ehlke, S.; Villanti, A.C. Characterizing substance use and mental health profiles of cigar, blunt, and
non-blunt marijuana users from the National Survey of Drug Use and Health. Drug Alcohol Depend. 2016, 160, 105–111. [CrossRef]

54. Seaman, E.L.; Green, K.M.; Wang, M.Q.; Quinn, S.C.; Fryer, C.S. Examining prevalence and correlates of cigarette and marijuana
co-use among young adults using ten years of NHANES data. Addict. Behav. 2019, 96, 140–147. [CrossRef]

55. MacCallum, R.C.; Browne, M.W.; Sugawara, H.M. Power analysis and determination of sample size for covariance structure
modeling. Psychol. Methods 1996, 1, 130–149. [CrossRef]

56. Preacher, K.J.; Coffman, D.L. Computing Power and Minimum Sample Size for RMSEA. Available online: http://www.quantpsy.
org/rmsea/rmsea.htm (accessed on 20 November 2021).

57. West, S.G.; Taylor, A.B.; Wu, W. Model fit and model selection in structural equation modeling. In Handbook of Structural Equation
Modeling; Hoyle, R.H., Ed.; Guilford Press: New York, NY, USA, 2012.

58. Bowen, N.K.; Masa, R.D. Conducting Measurement Invariance Tests with Ordinal Data: A Guide for Social Work Researchers. J.
Soc. Soc. Work Res. 2015, 6, 229–249. [CrossRef]

59. Stevens, J.P. Applied Multivariate Statistics for the Social Sciences, 2nd ed.; Erlbaum: Hillsdale, NJ, USA, 1992.
60. Hair, J.F. Multivariate Data Analysis; Pearson Prentice Hall: Upper Saddle River, NJ, USA, 2006.
61. Delnevo, C.D.; Giovenco, D.P.; Ambrose, B.K.; Corey, C.G.; Conway, K.P. Preference for flavoured cigar brands among youth,

young adults and adults in the USA. Tob. Control 2015, 24, 389–394. [CrossRef] [PubMed]
62. Villanti, A.C.; Collins, L.K.; Niaura, R.S.; Gagosian, S.Y.; Abrams, D.B. Menthol cigarettes and the public health standard: A

systematic review. BMC Public Health 2017, 17, 983. [CrossRef] [PubMed]
63. Antognoli, E.; Cavallo, D.; Trapl, E.; Step, M.; Koopman Gonzalez, S.; Perez, R.; Flocke, S. Understanding Nicotine Dependence

and Addiction among Young Adults Who Smoke Cigarillos: A Qualitative Study. Nicotine Tob. Res. 2018, 20, 377–382. [CrossRef]
[PubMed]

64. Berg, C.J.; Payne, J.; Henriksen, L.; Cavazos-Rehg, P.; Getachew, B.; Schauer, G.L.; Haardorfer, R. Reasons for Marijuana and
Tobacco Co-use among Young Adults: A Mixed Methods Scale Development Study. Subst. Use Misuse 2018, 53, 357–369.
[CrossRef]

65. Schauer, G.L.; Hall, C.D.; Berg, C.J.; Donovan, D.M.; Windle, M.; Kegler, M.C. Differences in the relationship of marijuana
and tobacco by frequency of use: A qualitative study with adults aged 18–34 years. Psychol. Addict. Behav. 2016, 30, 406–414.
[CrossRef]

66. Dugas, E.N.; Wellman, R.J.; Sylvestre, M.P.; Belanger, R.E.; O’Loughlin, J. Who mixes tobacco with cannabis and does mixing
relate to nicotine dependence? Addict. Behav. 2022, 128, 107254. [CrossRef]

67. Mead, E.L.; Chen, J.C.; Kirchner, T.R.; Butler, J., 3rd; Feldman, R.H. An Ecological Momentary Assessment of Cigarette and Cigar
Dual Use among African American Young Adults. Nicotine Tob. Res. 2018, 20, S12–S21. [CrossRef]

http://doi.org/10.18001/TRS.1.1.5
http://doi.org/10.1037/hea0000558
https://www.cdc.gov/healthyyouth/data/yrbs/index.htm
https://www.cdc.gov/healthyyouth/data/yrbs/index.htm
http://doi.org/10.15585/mmwr.ss6708a1
http://doi.org/10.1016/S0091-7435(03)00111-7
http://doi.org/10.5395/rde.2017.42.2.152
http://www.ncbi.nlm.nih.gov/pubmed/28503482
http://doi.org/10.1136/tobaccocontrol-2016-053203
http://www.ncbi.nlm.nih.gov/pubmed/27856997
http://doi.org/10.1016/j.addbeh.2018.01.032
http://www.ncbi.nlm.nih.gov/pubmed/29454177
http://doi.org/10.1089/lgbt.2018.0236
http://doi.org/10.1093/ntr/ntz092
http://doi.org/10.1080/10826084.2019.1597888
http://doi.org/10.1016/j.drugalcdep.2015.12.017
http://doi.org/10.1016/j.addbeh.2019.04.014
http://doi.org/10.1037/1082-989X.1.2.130
http://www.quantpsy.org/rmsea/rmsea.htm
http://www.quantpsy.org/rmsea/rmsea.htm
http://doi.org/10.1086/681607
http://doi.org/10.1136/tobaccocontrol-2013-051408
http://www.ncbi.nlm.nih.gov/pubmed/24721967
http://doi.org/10.1186/s12889-017-4987-z
http://www.ncbi.nlm.nih.gov/pubmed/29284458
http://doi.org/10.1093/ntr/ntx008
http://www.ncbi.nlm.nih.gov/pubmed/28184877
http://doi.org/10.1080/10826084.2017.1327978
http://doi.org/10.1037/adb0000172
http://doi.org/10.1016/j.addbeh.2022.107254
http://doi.org/10.1093/ntr/nty061


Int. J. Environ. Res. Public Health 2022, 19, 5727 15 of 15

68. Trapl, E.S.; O’Rourke-Suchoff, D.; Yoder, L.D.; Cofie, L.E.; Frank, J.L.; Fryer, C.S. Youth Acquisition and Situational Use of Cigars,
Cigarillos, and Little Cigars:: A Cross-sectional Study. Am. J. Prev. Med. 2017, 52, e9–e16. [CrossRef]

69. Sanchez-Romero, L.M.; Cadham, C.J.; Hirschtick, J.L.; Mattingly, D.T.; Cho, B.; Fleischer, N.L.; Brouwer, A.; Mistry, R.; Land, S.R.;
Jeon, J.; et al. A comparison of tobacco product prevalence by different frequency of use thresholds across three US surveys. BMC
Public Health 2021, 21, 1203. [CrossRef]

70. Jackson, S.E.; Brown, J.; Jarvis, M.J. Dependence on nicotine in US high school students in the context of changing patterns of
tobacco product use. Addiction 2021, 116, 1859–1870. [CrossRef] [PubMed]

71. Sung, H.Y.; Wang, Y.; Yao, T.; Lightwood, J.; Max, W. Polytobacco Use and Nicotine Dependence Symptoms among US Adults,
2012–2014. Nicotine Tob. Res. 2018, 20, S88–S98. [CrossRef] [PubMed]

72. Costello, M.J.; Logel, C.; Fong, G.T.; Zanna, M.P.; McDonald, P.W. Perceived risk and quitting behaviors: Results from the ITC
4-country survey. Am. J. Health Behav. 2012, 36, 681–692. [CrossRef] [PubMed]

73. Trapl, E.S.; Koopman Gonzalez, S.J. Attitudes and Risk Perceptions toward Smoking among Adolescents Who Modify Cigar
Products. Ethn. Dis. 2018, 28, 135–144. [CrossRef] [PubMed]

74. Koopman Gonzalez, S.J.; Cofie, L.E.; Trapl, E.S. “I just use it for weed”: The modification of little cigars and cigarillos by young
adult African American male users. J. Ethn. Subst. Abus. 2017, 16, 66–79. [CrossRef]

75. Siahpush, M.; Shaikh, R.A.; Smith, D.; Hyland, A.; Cummings, K.M.; Kessler, A.S.; Dodd, M.D.; Carlson, L.; Meza, J.; Wakefield, M.
The Association of Exposure to Point-of-Sale Tobacco Marketing with Quit Attempt and Quit Success: Results from a Prospective
Study of Smokers in the United States. Int. J. Env. Res. Public Health 2016, 13, 203. [CrossRef] [PubMed]

76. Paynter, J.; Edwards, R. The impact of tobacco promotion at the point of sale: A systematic review. Nicotine Tob. Res. 2009, 11,
25–35. [CrossRef]

77. Mantey, D.S.; Pasch, K.E.; Loukas, A.; Perry, C.L. Exposure to Point-of-Sale Marketing of Cigarettes and E-Cigarettes as Predictors
of Smoking Cessation Behaviors. Nicotine Tob. Res. 2019, 21, 212–219. [CrossRef]

78. Elser, H.; Hartman-Filson, M.; Alizaga, N.M.; Vijayaraghavan, M. Exposure to pro- and anti-tobacco messages online and off-line
among people experiencing homelessness. Prev. Med. Rep. 2019, 15, 100944. [CrossRef]

79. Fagan, P.; Augustson, E.; Backinger, C.L.; O’Connell, M.E.; Vollinger, R.E., Jr.; Kaufman, A.; Gibson, J.T. Quit attempts and
intention to quit cigarette smoking among young adults in the United States. Am. J. Public Health 2007, 97, 1412–1420. [CrossRef]

80. Smiley, S.L. Sociodemographic correlates of intention to quit smoking for good among U.S. adult menthol and non-menthol
smokers: Evidence from the 2013–2014 National Adult Tobacco Survey. Tob. Prev. Cessat. 2018, 4, 22. [CrossRef] [PubMed]

81. Trinidad, D.R.; Perez-Stable, E.J.; White, M.M.; Emery, S.L.; Messer, K. A nationwide analysis of US racial/ethnic disparities in
smoking behaviors, smoking cessation, and cessation-related factors. Am. J. Public Health 2011, 101, 699–706. [CrossRef] [PubMed]

82. Agrawal, A.; Sartor, C.; Pergadia, M.L.; Huizink, A.C.; Lynskey, M.T. Correlates of smoking cessation in a nationally representative
sample of U.S. adults. Addict. Behav. 2008, 33, 1223–1226. [CrossRef] [PubMed]

83. Cokkinides, V.E.; Halpern, M.T.; Barbeau, E.M.; Ward, E.; Thun, M.J. Racial and ethnic disparities in smoking-cessation
interventions: Analysis of the 2005 National Health Interview Survey. Am. J. Prev. Med. 2008, 34, 404–412. [CrossRef]

84. Rogers, A.H.; Shepherd, J.M.; Buckner, J.D.; Garey, L.; Manning, K.; Orr, M.F.; Schmidt, N.B.; Zvolensky, M.J. Current cannabis
use and smoking cessation among treatment seeking combustible smokers. Drug Alcohol Depend. 2020, 209, 107928. [CrossRef]

85. Hindocha, C.; Freeman, T.P.; Ferris, J.A.; Lynskey, M.T.; Winstock, A.R. No Smoke without Tobacco: A Global Overview of
Cannabis and Tobacco Routes of Administration and Their Association with Intention to Quit. Front. Psychiatry 2016, 7, 104.
[CrossRef]

86. Glasser, A.M.; Nemeth, J.M.; Quisenberry, A.J.; Shoben, A.; Trapl, E.; Klein, E.G. Cigarillo Flavor and Co-Use of Cigarillos and
Cannabis: A Structural Equation Modeling Approach. under review.

87. Timberlake, D.S.; Rhee, J.; Silver, L.D.; Padon, A.A.; Vos, R.O.; Unger, J.B.; Andersen-Rodgers, E. Impact of California’s tobacco
and cannabis policies on the retail availability of little cigars/cigarillos and blunt wraps. Drug Alcohol Depend. 2021, 228, 109064.
[CrossRef]

88. Rose, S.W.; Amato, M.S.; Anesetti-Rothermel, A.; Carnegie, B.; Safi, Z.; Benson, A.F.; Czaplicki, L.; Simpson, R.; Zhou, Y.;
Akbar, M.; et al. Characteristics and Reach Equity of Policies Restricting Flavored Tobacco Product Sales in the United States.
Health Promot. Pract. 2020, 21, 44S–53S. [CrossRef]

89. Chaiton, M.O.; Schwartz, R.; Tremblay, G.; Nugent, R. Association of flavoured cigar regulations with wholesale tobacco volumes
in Canada: An interrupted time series analysis. Tob. Control 2019, 28, 457–461. [CrossRef]

90. U.S. Food & Drug Administration. Labeling and Warning Statements for Tobacco Products. Available online: https://www.
fda.gov/tobacco-products/products-guidance-regulations/labeling-and-warning-statements-tobacco-products (accessed on
3 February 2022).

http://doi.org/10.1016/j.amepre.2016.08.011
http://doi.org/10.1186/s12889-021-11283-w
http://doi.org/10.1111/add.15403
http://www.ncbi.nlm.nih.gov/pubmed/33405286
http://doi.org/10.1093/ntr/nty050
http://www.ncbi.nlm.nih.gov/pubmed/30125019
http://doi.org/10.5993/AJHB.36.5.10
http://www.ncbi.nlm.nih.gov/pubmed/22584095
http://doi.org/10.18865/ed.28.3.135
http://www.ncbi.nlm.nih.gov/pubmed/30038474
http://doi.org/10.1080/15332640.2015.1081117
http://doi.org/10.3390/ijerph13020203
http://www.ncbi.nlm.nih.gov/pubmed/26861379
http://doi.org/10.1093/ntr/ntn002
http://doi.org/10.1093/ntr/ntx246
http://doi.org/10.1016/j.pmedr.2019.100944
http://doi.org/10.2105/AJPH.2006.103697
http://doi.org/10.18332/tpc/90968
http://www.ncbi.nlm.nih.gov/pubmed/32411848
http://doi.org/10.2105/AJPH.2010.191668
http://www.ncbi.nlm.nih.gov/pubmed/21330593
http://doi.org/10.1016/j.addbeh.2008.04.003
http://www.ncbi.nlm.nih.gov/pubmed/18501526
http://doi.org/10.1016/j.amepre.2008.02.003
http://doi.org/10.1016/j.drugalcdep.2020.107928
http://doi.org/10.3389/fpsyt.2016.00104
http://doi.org/10.1016/j.drugalcdep.2021.109064
http://doi.org/10.1177/1524839919879928
http://doi.org/10.1136/tobaccocontrol-2018-054255
https://www.fda.gov/tobacco-products/products-guidance-regulations/labeling-and-warning-statements-tobacco-products
https://www.fda.gov/tobacco-products/products-guidance-regulations/labeling-and-warning-statements-tobacco-products

	Introduction 
	Materials and Methods 
	Study Procedures 
	Study Measures 
	Dependent Variables 
	Independent Variables 
	Mediators and Effect Measure Modifiers 

	Data Analysis 
	Power Calculation 
	Model Selection 


	Results 
	Participant Characteristics 
	Measurement Model 
	General SEM 

	Discussion 
	Conclusions 
	References

