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This study examined transitions in tobacco products use among Mexican smokers and dual users. Data were
analyzed from exclusive smokers (n = 2,946) and dual users (n = 1,643) recruited from an online consumer
research panel and surveyed every-four months from November 2018 to April 2021. For exclusive smokers,
estimated transitions were (time “t + 1” four months after prior survey): a) remain as exclusive smokers; b) dual
use; ¢) exclusive e-cigarette use or quit both products. Among dual users, transitions analyzed were: a) remain as
dual user; b) exclusive smoker; c) exclusive e-cigarette user or quit both products. Multinomial models regressed
transitions at “t + 1” on time “t” for control variables. Most exclusive smokers (81%) remained as such, 12.6%
transitioned to dual use, 2.3% to exclusive e-cigarette use, and 4% quitted both products. Exclusive smokers were
more likely to transition to dual use if they recently attempted to quit (AOR = 1.45) or had partners/family or
friends who used e-cigarettes (AOR = 2.47 & 2.56 respectively). Most dual users (74.8%) remained as dual users,
20.4% transitioned to exclusive smoking, 1.6% transitioned to exclusive e-cigarette use, and 3.2% quitted both
products. Dual users were more likely to transition to exclusive smoking if they had lower educational attain-
ment, recently attempted to quit e-cigarettes (AOR = 1.70). Having friends who use e-cigarettes (AOR = 0.29)
and higher smoking dependence (AOR = 0.55) were associated with a lower likelihood of quitting. Recent quit
attempts and e-cigarette use among close social network members may explain the short-term transitions, though
longer follow-up is needed to assess sustained smoking cessation.

1. Introduction such as aldehydes and acrolein, could increase the risk of lung cancer,

lung diseases and asthma (Bracken-Clarke et al., 2021, National Acad-

Consumers increasingly encounter and choose from a wide range of
combustible and non-combustible tobacco products. Concurrent use of
multiple types of tobacco products has become more common among
youth and young adults (King, 2020; Dutra et al., 2017; Creamer et al.,
2019; Adriaens et al., 2017), with “dual use” of cigarettes and e-ciga-
rettes as the most common multiple product use pattern (Bombard et al.,
2009; Frost-Pineda et al., 2010; Hedman et al., 2018; Maglia et al.,
2018). Currently, evidence indicates that constituents of e-cigarettes,

emies of Sciences, Engineering and Medicine, 2018, Bein & Leikauf,
2011, Bhatta & Glantz, 2020), which adds to the exhaustive evidence
about harms caused to the human body by the toxicants and carcinogens
in tobacco (US Department of Health and Human Services, 2014). As
such, dual use of both products could increase harms over exclusive use
of either cigarettes or e-cigarettes on their own.

The present study assessed correlates of transitions in tobacco
product use among smokers and dual users in Mexico, where e-cigarette
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sales have been banned since 2008 (Official Journal of the Federation,
2008), while their importation was banned in 2020 (Official Journal of
the Federation, 2019). This approach to e-cigarette regulation has been
adopted by a variety of low- and middle-income countries around the
world (Institute for Global Tobacco Control, 2021); nevertheless,
research on e-cigarette use transitions in these countries is lacking. A
better understanding of which smokers and e-cigarettes users transition
between different types of tobacco products is important for generating
evidence about the public health impact of e-cigarette bans and to
inform future policy development.

Most studies of changes in tobacco products use have been conducted
in the United States (US) (Coleman et al., 2019; Piper et al., 2020a),
where e-cigarettes are regulated, although policies have been relatively
lax (Food and Drug Administration, 2020). Nationally representative
longitudinal studies in the US indicate that users consume a wide variety
of tobacco products, showing that transitions in tobacco product use,
including uptake of multiple products, are common (Coleman et al.,
2019; Martinez et al., 2020). Among the most dominant tobacco use
patterns are smokers who become dual users. Studies found that after
one year of follow-up 6% of smokers became dual users (Piper et al.,
2020) increasing up to 21% after 18 months (Gravely et al., 2020). Less
frequent patterns of transitions include smokers becoming exclusive e-
cigarette users or quitting both products (cigarettes and e-cigarettes),
but most will remain as exclusive smokers (Piper et al., 2020a).

1.1. Transitions among dual users of conventional cigarettes and e-
cigarettes

Transitions among dual users with 6-, 12-, 18- or 24-months follow-
up appear highly variable, with fewer than half remaining dual users
(Coleman, et al., 2019; Gravely et al., 2020; Miller et al., 2020; Hinton
et al., 2018). A higher percentage reverts to exclusive smoking (Hinton
etal., 2018; Vangeli et al., 2011) and fewer became exclusive e-cigarette
users (Coleman et al., 2019; Weaver et al., 2018).

1.2. Correlates of tobacco product transitions

Smokers who are younger, smoke less frequently, have lower
smoking dependence, and have higher income and educational attain-
ment appear more likely to transition from dual use to exclusive
smoking (Piper et al., 2020; Kasza et al., 2020; Vangeli et al., 2011).
Most exclusive smokers remain exclusive smokers (Piper et al., 2020),
particularly older smokers (Gravely et al., 2020; Hyland et al., 2006;
Vangeli et al., 2011) and those that smoke more often (Piper et al., 2020;
Gravely et al., 2020). People that smoke less often are also more likely to
become concurrent users of cigarettes and other tobacco products
(Gravely et al., 2020).

Social influence also plays an important role on smoking behavior.
Studies had shown that living in a household with more smokers pro-
motes smoking initiation (Lotrean et al., 2013; Conner et al., 2017).
Interactions with close social network who use e-cigarettes appears to
promote e-cigarette use (Amin et al., 2019), with smokers reporting that
they have been encouraged by their partners and family members to use
e-cigarettes instead cigarettes (Pokhrel et al., 2015). Furthermore,
smokers with more friends who smoke appear less likely to attempt to
quit smoking and have less success quitting (Borland et al., 2010;
Christakis and Fowler, 2008, Hitchman et al., 2014; Hymowitz et al.,
1997; Hyland et al., 2006; Biener et al., 2010).

Social influences may play a particularly important role in the
context of an e-cigarette ban since social networks may be a key means
for obtaining them.

1.3. Study context

E-cigarette bans are common in countries around the world
(Edwards et al., 2020; Ministry of Health New Zealand, 2021; Zavala-
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Arciniega et al., 2018), including Latin America (Institute for Global
Tobacco Control, 2021). The General Tobacco Control Law in Mexico
banned the importation, distribution, marketing, and sales of e-ciga-
rettes in 2008 (Official Journal of the Federation, 2008, Official Journal
of the Federation, 2019; Institute for Global Tobacco Control, 2021).
Mexico has also implemented many tobacco control policies such as
taxes, smoke-free environments, pictorial warning labels, and adver-
tising restrictions, applying mainly to combustible cigarettes, under the
argument that e-cigarettes are banned, regulation enforcement for these
products does not apply (WHO Framework Convention on Tobacco
Control, 2018). Since the adoption of many of these policies in 2009, e-
cigarette use has increased, particularly among smokers (Zavala-Arci-
niega et al., 2018), who presented the highest prevalence of e-cigarette
use (5%). A 2018 national survey found that 1.2% of Mexicans between
12 and 65 years old were current users of e-cigarettes, (Shamah-Levy
et al., 2020), however, data on the prevalence of e-cigarette use by re-
gion or state have not been published. This prevalence is lower than the
one observed in other countries: 3.2 % in the United States (Villarroel
et al., 2020), between 5 and 7 % in England (McNeill et al., 2020) and 6
% in Canada (Government of Canada, 2019; University of Waterloo,
2021). In Mexico, e-cigarette use is higher amongst smokers (4-5%).
Furthermore, a cross-sectional study of Mexican smokers found that dual
users tend to be younger, have higher education and income, higher
smoking dependence, and more likely to have recently attempted to quit
(Zavala-Arciniega et al., 2021). Nevertheless, correlates of different
trajectories of combustible cigarette and e-cigarette use among adults
have scarcely been studied in low-and-middle income countries. Such
data are needed to identify opportunities for policy development and
interventions to reduce the harms caused by smoking and the use of
other tobacco products.

This study aims to determine transitions of tobacco product use
among smokers and dual users over a four-month period of follow-up
and the predictors associated to these changes. We evaluate as
possible predictors those associated with transitions in prior research (e.
g., frequency of use, dependence, quit intentions and behaviors, socio-
demographics), as well as less studied variables (e.g., smoking and e-
cigarette use by close social network members).

2. Methods
2.1. Design

Data for this study comes from an open cohort of adult (18 years and
older) current smokers and e-cigarettes users who reside in Mexico.
Participants were recruited through an online commercial panel for
marketing research, with surveys conducted every-four months,
following up as many participants from the prior wave as possible. Our
open cohort design allowed follow-up of those who participated in the
prior survey wave, while also recruiting new participants to help replace
those lost to follow-up and maintain sample size of approximately 1500
participants at each survey. In each survey, quotas were used to ensure
participation by at least 500 e-cigarette users in order to better study this
group, with additional quotas for education (approximately 1/3 with
high school or less; 1/3 with technical/trade school or community col-
lege/or some college; 1/3 with college degree or higher). The present
study includes data of eight surveys conducted from November 2018 to
April 2021 of exclusive smokers and dual users who had follow-up data
from one survey to the next, wherein each observation reflects a single
transition from time “t” to “t + 17, defining “t + 1" as the first consec-
utive 4 months follow-up, our final analytical sample included data
from: exclusive smokers n = 2,946 observations from 1,606 individuals
and dual users n = 1,643 observations from 896 individuals.

2.2. Participants

Participants provided consent prior completing the survey, which
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took an average of 23 min to complete. Surveys were administered in
Spanish using standard questions on smoking (International Agency for
Research on Cancer, 2008), as well as questions on e-cigarettes used in
the International Tobacco Control Policy Evaluation Survey (ITC)
(Thompson et al., 2006). All study procedures were approved by the
Institutional Review Board and Ethics Committee of the National Insti-
tute of Public Health of Mexico (CI 1572).

2.3. Measures

2.3.1. Smoking and e-cigarettes status

Participants who reported smoking or e-cigarette use in the last 30
days were defined as current smokers or e-cigarette users, respectively.
We used that information to classify them as: a) dual users (smoked and
used e-cigarettes); b) exclusive smokers (only smoked); c) exclusive e-
cigarettes users (only used e-cigarettes); and d) quitters, (had quit or not
used both combustible cigarettes and e-cigarettes). All time “t” survey
data were integrated with these product use categories at time “t + 1” to
create separate observations, including from individuals with more than
one follow-up survey. For exclusive smokers at time “t”, the following
transitions were estimated at time “t + 1”: a) no transitions (remained
exclusive smokers); b) dual users; c) exclusive e-cigarettes users; d)
quitters. Dual users at time “t” were evaluated at time “t 4+ 1” for these
transitions: a) no transitions (remained dual users); b) exclusive
smokers; c) exclusive e-cigarette users; and d) quitters.

2.3.2. Smoking-related variables

Smoking frequency was categorized into non-daily (reference), daily
<=5 cigarettes per day (CPD) or less, and daily > 5 CPD, as 5 is the
median consumption of cigarettes per day among daily smokers in
Mexico (Zavala-Arciniega et al., 2020). Any attempts to quit smoking in
the prior 4 months (no [reference] vs yes), intention to quit (no plan/
plan to quit after 6 months [reference] vs plan to quit in the next month/
between 1 and 6 months).

2.3.3. E-cigarette-related variables

E-cigarettes use in the last month was dichotomized (occasionally,
but less than a week/1-2 days per week [reference] vs 3 days per week
or more). Any attempts to quit e-cigarettes use in the prior 4 months (no
[reference], yes), preferred e-cigarette device type, considered either
open (i.e., refillable “vape pens” and “mod” devices) or closed (i.e.,
disposable or cartridge systems generically called “cigalike” or “pod
systems”, such as Juul or Vype), and e-cigarettes device which mostly
use contained nicotine (without nicotine/don’t know [reference], yes).

2.3.4. Smoking and using e-cigarettes by close social network
Participants reported smoking and e-cigarette use by their partner or
spouse, and family members. Responses were collapsed for each product
(i.e., partner and/or family members smoke/use e-cigarettes vs not
[reference]). Smoking and e-cigarette use among the participants’
closest friends with whom they spend time was queried, responses
indicated having any friends who smoke or use e-cigarettes (evaluated
separately) vs none (including participants reporting no friends).

2.3.5. Measures of addiction

Smoking dependence was assessed with 10 items selected from the
Wisconsin Inventory of Smoking Dependence Motives WISDM (Hea-
therton et al., 1989; Piper et al., 2020b; Smith et al., 2010). Questions
were selected based on pilot research indicating they could discriminate
between relatively levels of smoking frequency considering number or
CPD, (daily smokers <=5 CPD; >5 CPD and non-daily) among smokers
of Mexican ancestry in the US, as Mexicans and Mexican Americans have
relatively light smoking patterns (Castro et al., 2012), with less than half
smoking daily (Zavala-Arciniega et al., 2020). E-cigarette dependence
was assessed with parallel questions for each of the 10 WISDM items
used to measure smoking dependence (e.g., I often use e-cigarettes
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without thinking about it; alpha = 0.94) (Piper et al., 2020b).

2.3.6. Demographic characteristics

Demographic data included sex (female and male), age (18-29,
30-39, 40-49, and 50 + ), and educational attainment (university or
more, middle school or less, and high school/technical studies/ some
college).

2.4. Analyses

Observations were pooled across all survey waves, and separate
analytic samples were created for smokers and dual users at time “t”
(survey immediately before follow-up), with univariate comparisons in
the characteristics of the two groups done using chi-square and t-tests.
For each analytic sample, the incidence of each transition was estimated,
and bivariate and adjusted multinomial logistic models regressed time
“t + 17 transition for time “t”. Models were estimated using the “cluster”
command to adjust for repeated observations from participants who
were followed up more than once.

For models with data from exclusive smokers, transition predictors
included smoking frequency, recent quit attempts, quit intentions,
smoking dependence, smoking and e-cigarette use for the close social
network, socio-demographics, and “time in the sample” (i.e., number of
prior surveys the participant had answered). Models for dual users
included the same predictors as well as e-cigarette frequency, e-cigarette
dependence, attempts to quit e-cigarettes, preferred e-cigarette device
and use of nicotine in their e-cigarette device.

For sensitivity analyses, we re-estimated these models for each an-
alytic sample after stratifying by time “t” smoking frequency (i.e., daily,
non-daily). Coefficient estimates were consistent across models,
although some statistically significant results became non-significant
due to the loss in statistical power. Because of the consistency of re-
sults across models, we report only the results from the full models that
combine daily and nondaily smokers (sensitivity analyses available
upon request).

Finally, we compared demographics and main characteristics be-
tween participants who were and were not followed up, via a t-test for
variables with continuous distributions and chi squares for categorical
variables (results shown in appendix A). All analyses were conducted
using Stata v.15 (Stata Corp, TX, USA).

3. Results

The sample of smokers was older (42.8 years old) than dual users
(34.9 years old) and had lower educational attainment (see Table 1).
More dual users had recently tried to quit smoking (48.6% vs 33.4%),
reported partners/family and friends who smoke and use e-cigarettes,
and had higher smoking dependence. Among dual users 40.4% used e-
cigarettes at least 3 days a week, 26.6% had recently attempted to stop
using e-cigarettes and 63.0% reported that the e-cigarette device they
most often used contains nicotine (Table 1).

3.1. Frequency and correlates of short-term transitions among exclusive
smokers

Fig. 1 summarizes the transitions among exclusive smokers at time
“t” to “t + 17, wherein 81 % remained as exclusive smokers, 12.6%
transitioned to dual users, 2.3% transitioned to exclusive e-cigarettes
users, and 4% to quit both tobacco products. In fully adjusted models
(See Table 2), participants were less likely to transition to dual users if
they were older, had lower education, and smoked more often (AOR =
0.63 <—scpD vs nondaily, 95% CI 0.45, 0.89; AOR -s5¢pp vs nondaily = 0.69,
95% CI = 0.48, 0.99). Transitions to dual user were also more likely
among those with higher smoking dependence (AOR = 1.33, 95% CI
1.15, 1.55), who recently tried to quit smoking (AOR = 1.45, 95% CI
1.07, 1.96), had a partner/family member (AOR = 2.47, 95% CI 1.72,
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Table 1
Characteristics of the study population according to smoking status.
Variables Exclusive Dual users
smokers
n = 2,946 (%) n=1,643 p-value

(%)

Age mean (standard deviation) 42.8 (11.7) 34.9 (9.8) 0.000
Age group
18-29 15.7 34.2 0.000
30-39 26.4 36.4
40-49 23.2 20.8
50 + 34.8 8.6
Sex
Female 48.7 45.4 0.030
Male 51.3 54.6
Educational attainment
University or more 27.2 54.4 0.000
Middle school or less 12.2 3.7
High school/technical studies/ 60.7 41.9
some college
Smoking frequency
Non-daily 47.8 47.8 0.978
Daily <= 5 cigarettes per day 24.6 24.8
Daily > 5 cigarettes per day 27.6 27.3

E-cigarette frequency

Occasional/1-2 days per week Does not apply 59.7 Does not
apply
3 days per week to everyday 40.4
Smoking quit attempt (last 4
months)
No 66.7 51.4 0.000
Yes 33.4 48.6
Intention to quit smoking
I have no plans/> 6 months/ 66.5 60.0 0.000
future
During the next month/1-6 33.5 40.0
months
E-cigarette quit attempt (last 4
months)
No Does not apply 73.3 Does not
apply
Yes 26.6
Type of e-cigarette device
Open device Does not apply 53.3 Does not
apply
Closed device 46.7
Nicotine in e-cigarette device
Without nicotine/don’t know Does not apply 37.0 Does not
apply
With nicotine 63.0
Partner/family smoke
Non-smoking 39.8 31.8 0.000
Yes 60.3 68.2
Partner/family use e-cigarettes
Non-using use e-cigarettes 90.6 50.5 0.000
Yes 9.4 49.5
Friends smoke
Non-smoking 21.9 11.1 0.000
Yes 78.0 88.9
Friends use e-cigarettes
Non-using use e-cigarettes 85.0 29.0 0.000
Yes 15.0 71.0
WISDM (Cigarette) 2.6 (0.9) 3.1(0.9) 0.000
WISDM (E-cigarette) Does not apply 2.7 (1.0) Does not
apply

X2 p-value. 1606 individuals are exclusive smokers and 896 individuals are dual
users.

3.54) or friends (AOR = 2.56, 95% CI 1.92, 3.41) who use e-cigarettes.

Smoking frequency was inversely associated (AOR = 0.13-_5¢pp vs
nondaily, 95% CI 0.05, 0.37; AOR . 5¢pD vs nondaily = 0.09, 95% CI 0.02,
0.30) to exclusive e-cigarette use at time “t + 1”. Exclusive smokers were
more likely to become quitters if they had recently attempted to quit
(AOR = 2.13, 95% CI 1.25, 3.64) or have intentions to quit (AOR = 1.83,
95% CI 1.10, 3.05). Those who smoked more often (AOR = 0.37 __scpp
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Fig. 1. Transitions of smoking status among Mexican exclusive smokers and
dual users from time “t” to time “t + 1”.

vs nondaily, 95% CI 0.20, 0.69; AOR ~5cpD vs nondaily = 0.25, 95% CI 0.11,
0.56) and had stronger smoking dependence (AOR = 0.63, 95% CI 0.48,
0.84) were less likely to quit.

3.2. Frequency and correlates of short-term transitions among dual users

Three-quarters (74.8%) of dual users remained dual users at follow-
up, and about one-fifth (20.4%) transitioned to exclusive smokers
(Fig. 1). Only 1.6% became exclusive e-cigarettes users and 3.2% quitted
both tobacco products. In adjusted models (Table 3), dual users were
more likely to become exclusive smokers if they were older (AOR5¢.+ vs
18-29 = 1.87,95% CI 1.19, 2.95), had lower education (AOR piddie school or
less vs university and more. = 2.34, 95% CI 1.26, 4.35 and AOR high school/
technical/some college vs university and more. = 1.37,95%CI1.01, 1.85), and had
recently attempted to quit e-cigarettes use AOR = 1.70, 95% CI 1.26,
2.30). In addition, transition to exclusive smoking was less common
among those who smoked more often (AOR-5cpD vs nondaily = 0.59, 95%
CI0.40, 0.88), use e-cigarettes more often (AOR 3 days per week to everyday vs
1-2 days per week = 0.67, 95% CI 0.50, 0.91), had friends using e-cigarettes
(AOR = 0.53, 95% CI 0.38, 0.74) or had higher e-cigarette dependence
(AOR = 0.77, 95% CI 0.63, 0.88).
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Table 2
Factors associated to smoking transitions from time t to time “t + 1” among participants who were exclusive smokers at time “t”, aged 18 to 71, living in Mexico
2018-2020.

Smoking transitions from time “t” to time “t + 1” (all waves) among participants who were exclusive smokers at time “t” (n = 2,946)

No transitions (remain as Transition from exclusive smokers  Transition from exclusive smokers  Transition from exclusive

exclusive smokers) n = to dual users n = 371 to exclusive e-cigarettes users n =  smokers to quitters n = 119
2387 69
81 % 12.6 % 23 % 4.0 %
Variables Base outcome (%) % OR (95 % AOR (95 % OR (95 % AOR (95 % OR (95 % AOR (95
C.L) % C.I.) C.L) % C.L.) C.I) % C.L.)
Age group
18-29 (n = 462) 67.3%* 221 Ref Ref 3.9 Ref Ref 6.7 Ref Ref
30-39 (n = 777) 78.9 16.5 0.64 0.66 1.9 0.42 0.48 (0.21, 2.7 0.33 0.42
(0.47, (0.46, (0.20, 1.09) (0.18, (0.22,
0.88)* 0.95)* 0.87)* 0.60)** 0.83)*

40-49 (n = 682) 81.7 12.6 0.49 0.61 2.2 0.48 0.77 (0.35, 3.5 0.43 0.69 (0.36,
(0.35, (0.41, (0.23, 1.70) (0.24, 1.32)
0.70)** 0.91)* 0.99)* 0.76)*

50 + (n = 1025) 88.4 5.4 0.19 0.30 2.1 0.41 0.82 (0.37, 4.2 0.46 0.83(0.45,
(0.13, (0.19, (0.20, 1.81) (0.28, 1.51)
0.28)** 0.46)* 0.81) 0.76)*

Sex

Female (n = 1510) 80.0 13.3 Ref Ref 2.1 Ref Ref 4.6 Ref Ref

Male (n = 1436) 82.0 11.9 1.13(0.89, 0.95(0.73, 2.6 0.82 (0.51, 0.76(0.43, 3.5 1.33(0.91, 1.46(0.95,

1.44) 1.24) 1.33) 1.34) 1.95) 2.24)

Educational attainment

University or more (n = 75.9%* 18.9 Ref Ref 4.2 Ref Ref 3.9 Ref Ref
800)

Middle school or less (n = 84.7 7.2 0.35 0.41 2.0 1.69 (0.82, 1.92 (0.91, 4.5 1.15 (0.57, 1.21 (0.51,
359) (0.21, (0.23, 3.49) 4.05) 2.32) 2.85)

0.58)** 0.74)*

High school/technical 82.6 10.9 0.53 0.61 2.3 0.83 (0.46, 0.70 (0.38, 3.0 1.37 (0.85, 1.26 (0.74,
studies/some college (n (0.41, (0.46, 1.48) 1.27) 2.23) 2.16)
=1787) 0.69)** 0.81)*

Smoking frequency

Non-daily (n = 1407) 73.9%* 15.1 Ref Ref 4.3 Ref Ref 6.8 Ref Ref

Daily <= 5 cigs (n =726)  86.5 10.6 0.62 0.63 0.8 0.16 0.13 2.1 0.25 0.37

(0.46, (0.45, (0.07, (0.05, (0.14, (0.20,
0.83)* 0.89)* 0.39)** 0.37)** 0.44)** 0.69)*
Daily > 5 cigs (n = 813) 88.6 9.9 0.57 0.69 0.4 0.07 0.09 1.1 0.13 0.25
(0.42, (0.48, (0.02, (0.02, (0.06, (0.11,
0.76)** 0.99)* 0.23)** 0.30)** 0.26)** 0.56)*

Quit attempt (last 4
months)

No (n = 1961) 84.2%* 10.6 Ref Ref 2.6 Ref Ref 2.7 Ref Ref

Yes (n = 985) 74.6 16.7 1.69 1.45 1.9 0.82(0.48, 0.86(0.43, 6.8 2.89 2.13

(1.33, (1.07, 1.40) 1.73) (1.95, (1.25,
2.14)** 1.96)* 4.28)* 3.64)*

Plan to quit

I have no plans/> 6 82.7* 11.6 Ref Ref 2.7 Ref Ref 2.9 Ref Ref
months/future (n =
1958)

During the next month/ 77.6 14.5 1.28 0.94 (0.69, 1.6 0.62 (0.35, 0.62(0.30, 6.3 2.25 1.83
1-6 months (n = 988) (1.01, 1.27) 1.10) 1.30) (1.54, (1.10,

1.62)* 3.30)** 3.05)*

Partner/family smoke

Non-smoking (n = 1171) 82.2* 10.4 Ref Ref 2.7 Ref Ref 4.8 Ref Ref

Yes (n = 1775) 80.3 14.0 1.38 1.18 (0.89, 2.1 0.82 (0.50, 0.84(0.46, 3.6 0.76 (0.52,  0.81(0.53,

(1.08, 1.57) 1.35) 1.53) 1.10) 1.24)
1.76)*

Partner/family use e-
cigarettes

Non-using e-cigarettes (n 83.0%* 10.5 Ref Ref 2.3 Ref Ref 4.2 Ref Ref
= 2670)

Yes (n = 276) 61.6 33.3 4.16 2.47 2.5 1.43(0.63, 1.75(0.65, 5.9 0.82 (0.37,  0.64(0.24,

(3.10, (1.72, 3.20) 4.70) 1.79) 1.66)
5.58)** 3.54)**

Friends smoke

Non-smoking (n = 647) 85.3%* 7.7 Ref Ref 2.3 Ref Ref 4.6 Ref Ref

Yes (n = 2299) 79.8 13.9 1.9 (1.26, 1.37(0.88, 2.4 1.25(0.56, 1.11(0.51, 3.9 0.83 (0.49,  0.82(0.47,

2.88)* 2.12) 2.8) 2.45) 1.43) 1.44)

Friends use e-cigarettes

Non-using e-cigarettes (n 84.3%* 9.4 Ref Ref 2.3 Ref Ref 4.0 Ref Ref
= 2503)

Yes (n = 443) 62.5 30.9 4.15 (3.2, 2.5 1.46 (0.74, 1.26 (0.62, 4.1 1.35(0.81, 1.48 (0.84,

5.38)** 2.86) 2.54) 2.27) 2.59)

(continued on next page)
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Smoking transitions from time “t” to time “t 4+ 1” (all waves) among participants who were exclusive smokers at time “t” (n = 2,946)

No transitions (remain as

exclusive smokers) n = to dual users n = 371

Transition from exclusive smokers

Transition from exclusive
smokers to quitters n = 119

Transition from exclusive smokers
to exclusive e-cigarettes users n =

2387 69
81 % 12.6 % 2.3% 4.0 %
Variables Base outcome (%) % OR (95 % AOR (95 % OR (95 % AOR (95 % OR (95 % AOR (95
C.I) % C.I.) C.I) % C.I.) C.L) % C.I.)
2.56
(1.92,
3.41)**
WISDM (Cigarette) 2.6 (0.9) 2.9 1.32 1.33 2.2 0.56 0.78 (0.55, 2.2 0.52 0.63
0.9) 1.1z, (1.15, (0.9) (0.40, 1.12) (0.8) (0.41, (0.48,
1.49)** 1.55)** 0.79)* 0.66)** 0.84)*

X2 for categorical variables, T-test for continuous variables. OR (Odds Ratio) includes an adjust by the number of waves participants have participated in the study
(time in sample), AOR (Adjusted Odds Ratio), multinomial logistic regression models clustering by identification number to consider repeated measures, adjusted
models included all variables presented in the table, and by time in sample. * p-value < 0.05, **p-value < 0.001. (n = 2946 observations and 1606 individuals)

The transition from dual user to exclusive e-cigarette use was rare,
and the only significant bivariate association (i.e., recent attempt to quit
e-cigarette use) did not reach statistical significance in adjusted models.
Finally, in the transition from dual user to quitter, participants with
friends who used e-cigarettes (AOR = 0.29, 95% CI 0.13, 0.62) or had
higher smoking dependence (AOR = 0.55, 95% CI 0.33, 0.92) were less
likely to transition.

4. Discussion

Our study of Mexican adult smokers and e-cigarettes users found that
most smokers remained either as exclusive smokers or dual users over a
4 months follow-up. Dual users who reported having friends who used e-
cigarettes were less likely to become exclusive smokers or to have quit at
follow-up. Exclusive smokers with friends who used e-cigarettes were
also more likely to become dual users. These findings align with previ-
ous research showing that smokers with fewer smoking friends were
more likely toattempt to quit and to quit (Hitchman et al., 2014; Low-
enstein et al., 2020). Similar to youth and young adults (Urman et al.,
2019) our results suggest that social networks may also influence e-
cigarette initiation and maintenance among older adults who smoke.
This suggests that when designing tobacco control interventions, the
role of social networks should be considered since they are related to the
use of tobacco products and may facilitate access to e-cigarettes.

Previous longitudinal research has found that stability in tobacco
product use is the dominant pattern (Coleman et al., 2019; Piper et al.,
2020a; Hinton et al., 2018; Taylor et al., 2020). Consistent with this
research, we observed that 81% of exclusive smokers and 75% of dual
users maintained these behaviors. Results from the US population-based
Population Assessment of Tobacco and Health (PATH Study) found that
44.3% of dual users continued that pattern of use over 24 months (Kasza
et al., 2018), though the higher stability in our data is likely due to the
shorter, 4-month period of follow-up. However, in an earlier study in the
US (2014-2017) with comparable follow-up to ours (6 months), the
stability of dual use was also lower, ranging between 37% and 43%
(Hinton et al., 2018). Future research should evaluate whether e-ciga-
rettes with different levels of nicotine content and delivery may account
for contrasting patterns of stability and transitions. Considering the
relatively low level of addiction in Mexico — where most current smokers
do not smoke daily - this research is important; however, it may also be
challenging considering the lack of regulatory oversight and quality
control over the current, illegal market.

Consistent with prior research among adult smokers in Mexico
(Swayampakala et al., 2013), smokers who smoke more often were less
likely to quit; however, our findings also showed a reduced likelihood of
initiating e-cigarette use in this group, whether while still smoking or
using only e-cigarettes. Among dual users, smoking frequency was only

associated with a greater likelihood of transitioning to exclusive smok-
ing. These patterns are similar to other studies that found that more
frequent smoking impedes switching to exclusive e-cigarette use (Cole-
man et al., 2019; Gravely et al., 2020), although there are mixed results
depending on the follow-up period. A longitudinal study with 4 years of
follow-up concluded that dual users who used e-cigarettes less
frequently were more likely to achieve cessation (Baig and Giovenco,
2020). Differences between studies with shorter (12 months or less) and
longer intervals of time between surveys may explain these divergent
results (Piper et al., 2020; Gravely et al., 2020; Baig and Giovenco,
2020) - the adoption and cessation of e-cigarettes and other novel to-
bacco products may take place over a relatively short period of time,
even in adults.

We found that 12.6% of exclusive smokers became dual users and
2.3% switched to exclusive e-cigarette use. These transitions from
smoking to dual use are within the range observed in other studies with
12 months (21%) (Piper et al., 2020) and 18 months (6%) of follow-up
(Gravely et al., 2020). Even though the reasons that led our sample of
smokers to transition to dual use or exclusive e-cigarette use are un-
known, some smokers turn to e-cigarettes as a strategy to quit smoking
(Nicksic et al., 2019). Future research should focus on understanding the
main reasons why Mexican smokers adopt e-cigarettes, which can help
with the development of guidelines that help those who use e-cigarettes
to try to quit.

We observed that 4% of smokers reported having quit at follow-up,
and 3.2% of dual users reported abstinence from both products, which
is a roughly cessation rate for both groups. The proportion of subsequent
cessation among dual users is consistent with previous longitudinal
studies in the US, where 2 % (Piper et al., 2020) to 7 % (Coleman et al.,
2019) used neither product at 24 months of follow-up. The proportion of
cessation among exclusive smokers in other countries is also similar to
what we found (Johnson et al., 2019; East et al., 2019), although pre-
vious research with 14 months of follow-up among a cohort of Mexican
smokers before e-cigarettes were on the market (2008-2010) observed a
higher quitting rate (17%) (Swayampakala et al., 2013). This higher
cessation rate could be explained by the generally low frequency of
smoking in Mexico, a factor that has been previously associated with
cessation, and which is also the most consistent predictor of successful
cessation (Vangeli et al., 2011).

Some study limitations should be considered. First, our study sample
was not representative, which limits our ability to generalize to the
broader population. However, our study was not meant to extrapolate
findings to the entire population, but to explore the correlates of tran-
sitions in tobacco product use among dual users and smokers. Second,
the study had a 4-month follow-up over which we assessed transitions.
Future studies with longer follow-up periods are required to understand
the stability of these patterns, including long-term abstinence, as well as
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Table 3
Factors associated to smoking transitions from time “t” to time “t + 1” among participants who were dual users at time t, aged 18 to 71, living in Mexico 2018-2020.

Smoking transitions from time “t” to time “t + 1” (all waves) among participants who were dual uses at time "t" (n = 1,643)

No transitions (remain Transition dual to exclusive Transition dual to exclusive e- Transition dual to quitters n = 52
as dual users) n = 1229 smokers n = 335 cigarette users n = 27
74.8 % 20.4 % 1.6 % 3.2%
Variables Base outcome % OR (95 % AOR(95% % OR (95 % AOR (95 % OR (95 % AOR (95 %
ClL) C.lL) C.lL) % C.I.) ClL) Cl)
Age group
18-29 (n = 562) 74.0% 19.6 Ref Ref 1.6 Ref Ref 4.8 Ref Ref
30-39 (n = 598) 78.8 16.9 0.82 (0.59, 0.94 (0.66, 1.5 0.94 (0.36, 1.46 2.8 0.58 (0.31, 0.83 (0.40,
1.14) 1.34) 2.43) (0.50, 1.09) 1.73)
4.24)
40-49 (n = 341) 73.6 23.2 1.25 (0.90, 1.35(0.91, 1.5 0.94 (0.31, 0.99 1.8 0.42 (0.15, 0.67 (0.23,
1.8) 2.00) 2.83) (0.27, 1.13) 1.97)
3.62)
50 + (n = 142) 64.1 31.7 1.98 (1.28, 1.87(1.19, 28 2.35(0.68, 2.89 1.4 0.39 (0.08, 0.44 (0.09,
3.07)* 2.95)* 8.06) (0.72, 1.73) 2.11)
11.47)
Sex
Female (n = 897) 74.3 20.1 Ref Ref 2.0 Ref Ref 3.6 Ref Ref
Male (n = 746) 75.3 20.6 0.97 (0.75, 0.92 (0.31, 1.3 1.51 (0.70, 1.70 2.8 1.28 (0.72, 1.01 (0.55,
1.27) 1.09) 3.26) (0.66, 2.28) 1.85)
4.37)
Education attainment
University or more (n = 80.2%* 16.1 Ref Ref 0.0 Ref Ref 4.9 Ref Ref
893)
Middle school or less (n = 59.0 36.1 3.05(1.67, 2.34(1.26, 2.3 2.89 (0) 8.3(0) 3.9 2.68 (0.74, 0.64 (0.08,
61) 5.56)** 4.35)* 9.70) 4.81)
High school/technical 69.2 24.5 1.72 (1.31, 1.37(1.01, 1.2 2.12(0.97, 1.53 2.5 1.73 (0.95, 1.10 (0.56,
studies/some college (n 2.25)** 1.85)* 4.63) (0.72, 3.15) 2.16)
= 689) 3.23)
Smoking frequency
Non-daily (n = 786) 69.6%* 23.2 Ref Ref 2.2 Ref Ref 5.1 Ref Ref
Daily <= 5 cigs (n = 408) 75.5 21.6 0.84 (0.61, 0.86 (0.60, 1.5 0.61 (0.23,  0.69 1.5 0.27 (0.11,  0.46 (0.18,
1.16) 1.24) 1.59) (0.22, 0.64)* 1.18)
2.08)
Daily > 5 cigs (n = 449) 83.3 14.5 0.52 (0.37, 0.59 (0.40, 0.9 0.35 (0.11, 0.75 1.3 0.23 (0.09, 0.51 (0.17,
0.74)** 0.88)* 1.08) (0.21, 0.54)** 1.47)
2.65)
Vaping frequency
Occasional/1-2 days per 69.3%* 25.0 Ref Ref 1.9 Ref Ref 3.8 Ref Ref
week (n = 980)
3 days per week to 83.0 13.6 0.46 (0.35, 0.67 (0.50, 1.2 0.52 (0.22, 0.69 2.3 0.52 (0.27,  0.90 (0.45,
everyday (n = 663) 0.60)** 0.91)* 1.21) (0.26, 0.97)* 1.77)
1.38)
Quit attempt (last 4
months)
No (n = 844) 73.9 22.0 Ref Ref 1.2 Ref Ref 2.8 Ref Ref
Yes (n = 799) 75.7 18.7 0.84 (0.64, 0.73 (0.53, 2.1 1.84 (0.83, 1.26 3.5 1.22 (0.69, 1.75 (0.81,
1.09) 1.02) 4.1) (0.52, 2.17) 3.78)
3.06)
Plan to quit
I have no plans/> 6 75.9 20.0 Ref Ref 1.2 Ref Ref 2.9 Ref Ref
months/future (n = 986)
During the next month/ 73.2 21.0 1.08 (0.83, 1.23(0.88, 2.3 1.95(0.91, 1.51 35 1.27 (0.72, 1.03 (0.48,
1-6 months (n = 657) 1.41) 1.72) 4.19) (0.65, 2.22) 2.20)
3.52)
Vaping quit attempt (last
4 months)
No (n = 1205) 76.9%* 18.3 Ref Ref 1.2 Ref Ref 3.5 Ref Ref
Yes (n = 438) 68.9 26.0 1.54 (1.18, 1.70(1.26, 2.7 2.41 2.36 2.3 0.69 (0.34, 0.56 (0.23,
2.02)* 2.30)** (1.11, (0.91, 1.42) 1.32)
5.20)* 6.08)
Type of vaping device
Open device (n = 876) 76.1 19.3 Ref Ref 1.5 Ref Ref 3.1 Ref Ref
Closed device (n = 767) 73.3 21.6 1.20 (0.93, 1.31 (0.99, 1.8 1.33(0.62, 1.15 3.3 1.16 (0.65, 1.26 (0.68,
1.55) 1.73) 2.84) (0.48, 2.06) 2.34)
2.74)
Nicotine in vaping device
Without nicotine/don’t 69.2* 24.2 Ref Ref 2.3 Ref Ref 4.3 Ref Ref
know (n = 608)
With nicotine (n = 1035) 78.1 18.2 0.69 (0.53, 0.88 (0.66, 1.3 0.51 (0.23, 0.61 2.5 0.55 (0.30,  0.95 (0.49,
0.89)* 1.18) 1.12) (0.27, 0.99)* 1.84)
1.38)

Partner/family smoke

(continued on next page)
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Smoking transitions from time “t” to time “t 4+ 1” (all waves) among participants who were dual uses at time "t" (n = 1,643)

No transitions (remain

as dual users) n = 1229 smokers n = 335

Transition dual to exclusive

Transition dual to exclusive e-
cigarette users n = 27

Transition dual to quitters n = 52

74.8 % 20.4 % 1.6 % 3.2%
Variables Base outcome % OR (95 % AOR (95% % OR (95 % AOR (95 % OR (95 % AOR (95 %
C.L) C.lL) C.l) % C.I.) ClL) ClL)
Non-smoking (n = 522) 70.9 23.6 Ref Ref 2.3 Ref Ref 3.3 Ref Ref
Yes (n = 1121) 76.6 18.9 0.72 (0.55,  0.99 (0.70, 1.3 0.52(0.24, 0.73 3.1 0.84 (0.45, 1.44 (0.61,
0.95)* 1.41) 1.12) (0.30, 1.55) 3.39)
1.77)
Partner/family use e-
cigarettes
Non-using e-cigarettes (n 69.2%* 24.9 Ref Ref 2.1 Ref Ref 3.9 Ref Ref
= 829)
Yes (n = 814) 80.5 15.9 0.55 (0.42, 0.81(0.57, 1.2 0.50 (0.22,  0.54 2.5 0.55 (0.31,  0.95 (0.43,
0.72)** 1.15) 1.12) (0.16, 0.97)* 2.11)
1.73)
Friends smoke
Non-smoking (n = 182) 62.6%* 26.9 Ref Ref 1.7 Ref Ref 8.8 Ref Ref
Yes (n = 1461) 76.3 19.6 0.76 (0.48, 1.25 (0.74, 1.6 1.85 (0.24, 2.86 2.5 0.31 (0.14, 0.69 (0.26,
1.19) 2.09) 14.1) (0.31, 0.68)* 1.80)
25.87)
Friends use e-cigarettes
Non using e-cigarettes (n =  61.4** 31.1 Ref Ref 1.5 Ref Ref 6.3 Ref Ref
476)
Yes (n = 1167) 80.4 16.0 0.41 (0.30, 0.53(0.38, 1.7 1.05(0.39, 1.22 1.9 0.24 (0.13, 0.29
0.54)** 0.74)* 2.86) (0.43, 0.44)** (0.13,
3.44) 0.62)*
WISDM (Cigarette) 3.1 (0.9)** 2.9 0.76 (0.66, 1.06 (0.87, 2.7 0.61 (0.37,  0.69 2.5 0.46 (0.32, 0.55
(0.9) 0.87)** 1.29) (1.1) 1.02) (0.33, 0.9 0.65)** (0.33,
1.46) 0.92)
WISDM (E-cigarette) 2.8 (1)** 2.3 0.61 (0.53, 0.77 (0.63, 2.6 0.82(0.55, 1.12 2.2 0.55 (0.40,  0.85 (0.54,
(0.9) 0.70)** 0.93)* 1.1) 1.24) (0.53, 0.9 0.75)** 1.33)
2.32)

X2 for categorical variables, T-test for continuous variables. OR (Odds Ratio) includes and adjust by the number of waves participants have participated in the study
(time in sample), AOR (Adjusted Odds Ratio), multinomial logistic regression models clustering by identification number to consider repeated measures, adjusted
models included all variables presented in the table and by time in sample. * p-value < 0.05, **p-value < 0.001. (n = 1643 observations and 896 individuals).

the underlying mechanisms that explain them. This may be particularly
important for populations where non-daily smoking is common, as in
Mexico. Nevertheless, our results were consistent when stratifying by
daily and nondaily smoker groups. Third, our study presented loss to
follow-up. Those who were lost to follow-up were younger, had lower
educational attainment, and smoked less frequently than those who
were followed up. However, even with this differential attrition, our
results showed strong associations with younger age and less frequent
smokers, suggesting that our results may underestimate the strength of
associations with these variables. Fourth, our measurement of social
networks was restricted to smoking and e-cigarette use among family
and close friends. Given the importance of these variables in our results,
future studies should consider more comprehensive social network
analysis to better understand the mechanisms of network influences on
initiation, attempts to quit, abstinence and cessation of combustible
cigarettes, e-cigarettes, and other tobacco products. Finally, consider-
ations related to the regulatory framework banning the marketing and
sales of nicotine vaping products are important to consider (Official
Journal of the Federation, 2019). Even though Mexicans, particularly
smokers, still use e-cigarettes, it is important to assess whether recent
decrees to reinforce the ban could affect future consumption.

5. Conclusions

Differences in patterns of use among dual users and smokers of
combustible cigarettes were identified in this study, suggesting that it is
important to make these distinctions for preventive health efforts. We
found that despite the current ban, there is a significant use of e-ciga-
rettes in the Mexican population. Most smokers are starting to use e-
cigarettes, and more dual users are becoming exclusive smokers instead

of quitting. With these results we cannot claim that e-cigarette use leads
to cessation in this sample of Mexican smokers and dual users. Social
networks play an important role by promoting transitions towards dual
use among exclusive smokers and decreasing the likelihood of quitting
or transitioning to exclusive smoking among dual users over time. The
close social context of family and friends should be considered when
developing tobacco control interventions, policies, and programs,
possibly through inclusion of family and friends as support to prevent
relapse among smokers who attempt to quit.
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