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Abstract
Background: The use of new and emerging tobacco products (NETPs) and conventional tobacco products (CTPs) has been
linked to several alarming medical conditions among young adults (YAs). Considering that 96% of YAs own mobile phones,
SMS text messaging may be an effective strategy for tobacco risk communication.
Objective: Project Debunk is a community-based randomized trial aiming to identify specific types of messages that effectively
improve perceived NETP and CTP risk among YAs in community colleges.
Methods: With YAs recruited offline from 3 campuses at the Houston Community College (September 2016 to July 2017), we
conducted a 6-month randomized trial with 8 arms based on the combination of 3 message categories: framing (gain-framed vs
loss-framed), depth (simple vs complex), and appeal (emotional vs rational). Participants received fully automated web-based
SMS text messages in two 30-day campaigns (2 messages per day). We conducted repeated-measures mixed-effect models
stratified by message type received, predicting perceived CTP and NETP risks. Owing to multiple testing with 7 models, an
association was deemed significant for P<.007 (.05 divided by 7).
Results: A total of 636 participants completed the baseline survey, were randomized to 1 of 8 conditions (between 73 and 86
participants per condition), and received messages from both campaigns. By the 2-month post campaign 2 assessment point,
70.1% (446/636) completed all outcome measures. By the end of both campaigns, participants had a significant increase in
perceived NETP risk over time (P<.001); however, participants had a marginal increase in perceived CTP risk (P=.008). Separately
for each group, there was a significant increase in perceived NETP risk among participants who received rational messages
(P=.005), those who received emotional messages (P=.006), those who received simple messages (P=.003), and those who
received gain-framed messages (P=.003).
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Conclusions: In this trial, YAs had an increase in perceived NETP risk. However, with stratification, we observed a significant
increase in perceived NETP risk upon exposure to rational, emotional, simple, and gain-framed messages. In addition, YAs
generally had an increase in perceived CTP risk and presented nonsignificant but observable improvement upon exposure to
emotional, complex, and loss-framed messages. With the results of this study, researchers and practitioners implementing mobile
health programs may take advantage of our tailored messages through larger technology-based programs such as smartphone
apps and social media campaigns.
Trial Registration: ClinicalTrials.gov NCT03457480; https://clinicaltrials.gov/ct2/show/NCT03457480
International Registered Report Identifier (IRRID): RR2-10.2196/10977
(JMIR Mhealth Uhealth 2021;9(11):e25618) doi: 10.2196/25618
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Introduction
Background
Tobacco use in many forms, such as combustible, vaporized,
or smokeless, has been linked to several alarming medical
conditions among young adults (YAs; aged 18-25 years). These
include nicotine dependence [1], psychiatric disorders [2], and
developing pulmonary [3,4] and cardiovascular diseases [5].
Of more recent concern are the findings of deleterious health
effects associated with inhalation of nicotine-containing aerosol
(vaping) [6,7] and longitudinal associations between vaping
and future use of conventional tobacco products (CTPs;
including combustible cigarettes, cigars, pipes, and chewing
tobacco, dip, or snuff) [8-11]. However, approximately 15% of
American YAs are current cigarette smokers, and 36% of
American YAs are current users of vaping products, one of
many new and emerging tobacco products (NETPs), including
vapes, hookahs, and snus in the United States [12].
YA tobacco use can be partly attributed to the relatively low
perceived risk of products when compared with other adult age
groups [13-15]. This is particularly the case for NETPs such as
vaping products and hookahs, which are believed to be safer
than CTPs [13,16-18]. According to national reports, YAs tend
to have a lower perception of the harm from vaping products
[19] and hookah [20] compared with combustible cigarettes.
YAs tend to demonstrate a lack of knowledge about the
ingredients in vaping products [14,21,22]. Ultimately, lower
risk perception, among other factors, has led to
health-compromising behaviors among YAs [23], including
experimentation with various nicotine and tobacco products as
well as other substances [24-26].

Responding to Tobacco Marketing
Despite known health consequences, aggressive tobacco
marketing to young people has been found to reduce risk
perception and promote continued tobacco use [27,28]. YAs
form a highly vulnerable population that continues to be targeted
as a potentially profitable market segment for the tobacco
industry [27-30]. The tobacco industry broadly disseminates
modern advertising on the radio, television, the internet, in print,
through direct mail, in nightclubs and pubs, and at the point of
sale [31-36].
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Tobacco advertising to YAs has become particularly successful
through mobile media channels [37,38]. Today, tobacco
companies depend on mobile strategies for marketing,
considering that 96% of YAs own smartphone devices [39].
Mobile marketing forums constitute the next generation of
marketing strategies, notably with demonstrations and invitations
through social media websites [40-43] and a variety of
protobacco smartphone apps advertised under kids and games
categories [44].
Health promotion experts and activists ought to respond to
tobacco marketing by communicating tobacco risk to YAs as
delineated by the educational mission and research priorities of
the US Food and Drug Administration [45,46]. Considering
that nearly all YAs (96%) own mobile phones, mobile phone
SMS text messaging is likely to be an effective strategy for
tobacco risk communication [39,47]. Although YAs tend to use
a variety of mobile phone apps for communication (eg,
WhatsApp), SMS text messaging remains a universal and
practical method of risk communication. SMS text messaging
programs have been successfully implemented for preventive
behavioral treatment, including smoking cessation [48].
However, there have been no published accounts for its
application in communicating tobacco risk to YAs [49-53].

Project Debunk: A Text Messaging Program
The goal of our project (Project Debunk) was to develop a
library of risk communication messages. Our message design
was based on a combination of 3 main message categories, each
with 2 message types: (1) framing (gain-framed or loss-framed
messages), (2) depth (ie, simple or complex messages), and (3)
appeal (ie, emotional or rational messages). Framing and appeal
were supported by previous research [54-57], whereas depth
was an original category proposed by our investigative team.
Messages from each category were also developed to
communicate the harm of CTPs and NETPs (Multimedia
Appendix 1). Messages describing CTPs included information
regarding combustible cigarettes, cigars, and pipes. Messages
describing NETPs included information regarding vaping
devices, snus, little cigars, cigarillos, and hookah (products that
were becoming increasingly prevalent at the time of this study
[12]). The resulting 976 SMS text messages were designed
through focus group discussions with YAs and feedback from
experts in public health, health communication, and behavioral
science [58]. The results indicate that YAs find the messages
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interesting and appropriate. They described the messages as
informative, interesting, easy to understand, straight to the point,
and at an appropriate character limit [58]. As a result, these
messages are of interest to YAs who would like to be informed
regarding tobacco. These SMS text messages have been
validated using linguistic inquiry and word counting, indicating
an adequate design based on framing, depth, and appeal [59].
In addition, early analysis from a Project Debunk randomized
trial further validated the messages [60]. Loss-framed messages
were more likely to be perceived as presenting a loss than
gain-framed messages, complex messages were reported to be
more complex than simple messages, and emotional messages
were perceived to be more emotionally engaging than rational
messages [60]. In addition, there were no differences among
the message types with respect to reported message credibility,
message enjoyment, perceived message relevance, or message
readability level [60]. A detailed description of the trial and
baseline characteristics has been published under the study
protocol [60].

Theoretical Framework
Available theoretical frameworks have described that the success
of message characteristics depends on individual differences in
the way they process information. First, according to the
elaboration likelihood model (ELM) [61,62], the effectiveness
of message characteristics depends on one’s cognitive effort
used to engage with the message content. When centrally
processing information, individuals put more effort into paying
attention to message content (eg, complex and rational messages
[63]). On the other hand, when peripherally processing
information, individuals put less cognitive effort by paying
attention to more peripheral cues, such as emotional features of
the message [64]. Second, according to the prospect theory of
message framing, gain and loss framing can have an effect on
health behavior depending on whether the individual is
risk-aversive or risk-taking [65]. Regardless, different message
characteristics can be effective for different audience members.
Results from previous meta-analyses of relevant research have
not favored one message type over another when improving
health outcomes [66-68]. As a result, it is essential to explore
the effects of different message characteristics on perceived
risk.

Study Objective
The objective of this paper on Project Debunk is to present the
results of a community-based randomized trial. The trial aims
to identify specific types of messages that are effective in
increasing the perceived risk of NETP use and CTP use among
YAs in community colleges. Considering the limited research,
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we cannot predict or anticipate differences among message
types in improving perceived tobacco risk [60]. For this reason,
we will test the success of improving perceived risk over time
among participants exposed to each message type alone. Our
central hypothesis is that controlling for all other message types,
campaign participants receiving each message type will have
an increase in perceived NETP risk and perceived CTP risk
over time. A message type is deemed impactful if it improves
YAs’ perceived risk over time. Once impactful SMS text
messages have been identified, they can subsequently be
introduced into an advanced digital intervention.

Methods
Study Design
A detailed description of the study design has been presented
elsewhere [60]. Briefly, we conducted a 6-month randomized
trial (September 2016 to July 2017) with 8 arms based on a
combination of 3 message categories: framing, depth, and appeal
(NCT03457480). Each category included 2 message types,
leading to a 2 (framing: gain vs loss) ×2 (depth: simple vs
complex) ×2 (appeal: rational vs emotional) factorial design.
Randomization in this design allowed us to control for receiving
different message types, as we tested changes over time for each
message type. Our objective was to examine changes in
perceived risk over time. As a result, comparison with a control
group was not conducted.
Participants received SMS text messages on their mobile phones
for free in 2 waves or campaigns. Each campaign comprised 2
SMS text messages per day for 30 days (ie, 60 text messages).
This resulted in a total of 120 messages considering both
campaigns. Participants were randomized into 8 arms, with 8
permutations based on message types. As a result, there was a
total of 960 messages disseminated for this study. The 2
campaigns were performed 1 week apart. The development
process and content of messages were frozen during the trial.
For ethical reasons, all participants received both NETP and
CTP messages. To control for the order in which SMS text
messages were received, the study included a crossover design.
Participants within each arm were randomly divided into 2
groups: the first group received messages on CTPs during the
first campaign and then NETPs during the second campaign,
whereas the second group received messages on NETPs during
the first campaign and then CTPs during the second campaign
(Figure 1). The study adhered to the CONSORT (Consolidated
Standards of Reporting Trials) and CONSORT-EHEALTH
(CONSORT–Electronic and Mobile Health Applications and
Online TeleHealth) guidelines (Multimedia Appendix 2) [69,70].
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Figure 1. Study design and randomization to 8 conditions followed by 2 crossover conditions (total of 16 conditions). CTP: conventional tobacco
product; NETP: new and emerging tobacco product; G: gain-framed messages, L: loss-framed messages, C: complex messages, S: simple messages,
R: rational messages, and E: emotional messages.

Population
YAs were recruited from 3 campuses at the Houston Community
College. The campuses were selected based on their ethnically
diverse populations [71]. YAs were eligible for the study if they
were aged between 18 and 25 years, enrolled in a community
college, possessed a mobile phone, regularly used SMS text
messaging, were willing to provide their phone number, were
capable of receiving SMS text messages from our messaging
system, and were able to read and speak English. The study
protocol was approved by the institutional review boards of the
University of Texas MD Anderson Cancer Center and Houston
Community College.

Recruitment and Enrollment
At each of the 3 campuses, recruitment took place face to face
at highly visible recruitment stations or booths, and printed
materials announcing the study (posters and fliers) were
displayed in high traffic areas. Research staff screened interested
students for eligibility, and eligible students provided informed
consent to participate in the study. During the face-to-face
consent process, participants received information regarding
the objective of the study, study procedures, potential risks,
potential benefits, compensation information, and contact
information. Following consent, participants completed a
20-minute web-based baseline survey on their phones.
Participants received a US $25 gift card for completing the
baseline survey and each of the 2 postcampaign surveys.
After 3 days of receiving the baseline survey, YAs began to
receive SMS text messages through the MD Anderson Cancer
Center resource called assessment, intervention, and
https://mhealth.jmir.org/2021/11/e25618
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measurement. A password-protected allocation sequence was
generated by the assessment, intervention, and measurement
resource, automatically sending SMS text messages on the basis
of allocation and keeping the research team blind to participant
allocation. Participants were blinded to the type of message
they received. Research assistants were available over the phone
in case of usability issues.

Measures
Through web-based skip-pattern surveys, we assessed a series
of previously validated and pretested measures [72]. The
measures have been validated for web-based use. We listed all
measures within our research protocol for the current trial [60]
and adhered to the Checklist for Reporting Results of Internet
E-Surveys (previously published as a supplementary material
[60]). At baseline, participants provided information regarding
their age, gender, race, ethnic group, basic expenses, education
attainment, numeracy level [73], and current use of CTP and
NETP (ie, past 30 days) [74,75]. Immediately after each
campaign, we assessed the self-reported attention level to the
messages (2 items, such as “When I was reading the text
messages, I paid attention to the messages more than to what
was happening around me.”). Participants were asked if this
was true for none of the messages (1), 1-2 messages (2), some
of the messages (3), a lot of the messages (4), or all the messages
(5). At baseline, 2 months post campaign 1, and 2 months post
campaign 2, we assessed perceived CTP risk and perceived
NETP risk [76]. Using a validated scale [76], the perceived risk
of using cigarettes, cigars, little cigars, cigarillos, pipes, chewing
tobacco, and dip or snuff, hookah, vaping products, and snus
was measured separately for each product. This allowed
JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 11 | e25618 | p. 4
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respondents to distinguish between the risks of different tobacco
products. The measure included 5 items; with the first item on
a 4-point Likert scale from no risk to great risk, we asked
respondents how much they think people risk harming
themselves if they use each of the tobacco products. On a 4-point
Likert scale from strongly disagree to strongly agree, the 4
remaining items presented statements such as, “The following
products increase the risk for medical problems such as
reproductive problems, respiratory problems, or heart disease”
[76]. Depending on product type, Cronbach α scores ranged
between .72 and .87. Perceived NETP risk was measured as the
average score for vaping products, hookah, little cigars or
cigarillos, and snus. Perceived CTP risk was measured as the
average score for cigarettes, cigars, pipes, and chewing tobacco,
dip, or snuff. The use of hookah, little cigars, or cigarillos, snus,
and electronic cigarettes became increasingly prevalent at the
time of this study, making such products new and emerging
[12]. This was particularly the case in Texas [77]. For this
reason, we chose to treat them as NETPs.

Statistical Analysis
Sample size determination has been previously described [60].
First, chi-square tests and 1-way analyses of variance were
conducted to check for differences among groups with respect
to the digital divide (ie, gaps in access to mobile phones),
confounders, and message reception. Then, we examined 2
study outcomes (perceived CTP risk and perceived NETP risk)
and their change over time (from baseline to 2 months post
campaign 2). To test the overall campaign success, we conducted
2 repeated-measures mixed-effect models for all participants,
examining changes over time in perceived CTP risk and
perceived NETP risk. This pair of models included the time
effect and main effects of message types: assignment to
gain-framed messages, assignment to emotional messages, and
assignment to simple messages.

Prokhorov et al
have an increase in perceived NETP risk and perceived CTP
risk over time. To test the success of improving perceived risk
over time among participants exposed to specific message types,
6 models were used for participants receiving (1) rational
messages, (2) emotional messages, (3) complex messages, (4)
simple messages, (5) loss-framed messages, and (6) gain-framed
messages. These 6 models were conducted to predict perceived
CTP risk and then perceived NETP risk. All 7 models that
predicted each main outcome controlled for crossover group
assignment and the differential effect of crossover group
assignment on time. In addition, after examining potential
covariates through a series of regression analyses, all models
controlled for age, gender, having a child, basic expenses,
education plan, numeracy level, and past 30-day tobacco use at
baseline (Multimedia Appendix 3). All models were fitted with
restricted or residual maximum likelihood estimation.
Considering 7 models for each main outcome, a P value <.007
(.05 divided by 7) was considered significant, and a P value
<.008 was considered marginal [78-81]. We also report the
direction of relationships for predictions with P<.05 when they
are concerned with our study aim. We used STATA (version
14; StataCorp LLC) for our analyses.

Results
Attrition
Figure 2 presents the study flow diagram. Of the 644 YAs who
agreed to participate, we excluded 8 (1.2%) YAs who did not
meet the age criterion (aged > 25 years). All 636 participants
completed the baseline survey, were randomized to 1 of the 16
conditions, and received the SMS text messages of campaign
1 as prescribed. All participants continued until 2 months post
campaign 2; however, 29.9% (190/636) did not complete all
outcome measures at the 2-month post campaign 2 assessment
(70.1% completion rate).

Our central hypothesis is that, controlling for all other message
types, campaign participants receiving each message type will
Figure 2. Study flow diagram. CG: crossover group; CG1 receive messages about new and emerging tobacco products (NETP) during campaign 1 and
then messages about conventional tobacco product (CTP) during campaign 2; CG2 receive messages about CTP during campaign 1 and then messages
about NETP during campaign 2; GCE: gain-framed, complex, emotional; GCR: gain-framed, complex, rational; GSE: gain-framed, simple, emotional;
GSR: gain-framed, simple, rational; LCE: loss-framed, complex, emotional; LSE: loss-framed, simple, emotional; LCR: loss-framed, complex, rational;
LSR: loss-framed, simple, rational.
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Demographic Characteristics

Checking for the Digital Divide

Demographic characteristics for the entire sample and stratified
by group at baseline were described under the trial protocol
[60]. In summary, the average age of our study sample was
20.78 (SD 2.18) years, and approximately two-thirds of
participants (430/636, 67.6%) were male. Participants exhibited
a numeracy level of 4.75 (SD 1.87) out of 8, and 29.1%
(185/636) aimed to continue their education to receive a
doctorate degree. In addition, 35.1% (223/636) reported that
they just meet basic expenses. The perceived CTP risk for the
sample at baseline was 2.56 (SD 0.69), and it became 2.64 (SD
0.71) out of 3 at follow-up. The perceived NETP risk for the
sample at baseline was 2.16 (SD 0.77), and it became 2.41 (SD
0.76) out of 3 at follow-up. Multimedia Appendix 4 presents
the demographic characteristics of the sample by group.

The results indicate that the groups did not differ with respect
to their preferred method of communication (χ27=22.1; P=.07),

G stands for gain-framed, L stands for loss-framed, C stands
for complex, S stands for simple message, R stands for rational,
and E stands for emotional. CG1 stands for crossover group 1
(receiving messages about NETPs during campaign 1 and then
messages about CTPs during campaign 2). CG2 stands for
crossover group 2 (receiving messages about CTPs during
campaign 1 and then messages about NETPs during campaign
2). Retention is based on completing all survey questions
pertaining to perceived NETP and CTP risk.
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willingness to receive health SMS text messages (χ27=5.9;
P=.56), or frequency of carrying a phone (χ27=3.4; P=.84).

Message Reception
A series of 1-way analyses of variance indicated no significant
difference in attention scores between emotional and rational
messages (F1,421<0.001; P=.99), simple and complex messages
(F1,421=1.09; P=.29), and gain-framed and loss-framed messages
(F1,421=0.86; P=.35). Only approximately 2.8% (12/423) of
participants indicated not paying attention to any of the
messages. The average score for attention to the messages (mean
3.16, SD 0.93) was significantly higher than 3 out of 5,
indicating paying attention to more than some of the messages
(P<.001).

Overall Campaign Outcomes
Table 1 presents the overall changes in the main outcomes over
time. By the end of both campaigns, as indicated by the
coefficient for time, participants had a significant increase in
perceived NETP risk (P<.001; Table 1). In this model, although
not significant, NETP users generally exhibited lower scores
in perceived NETP risk compared with nonusers (P=.009). By
the end of both campaigns, participants had a marginal increase
in perceived CTP risk (P=.008; Table 1).
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Table 1. Change over time in perceived risk of using NETPa and CTPb for the sample (N=636).c
Characteristics

Perceived NETP risk

Perceived CTP risk

B (SE)

P value

B (SE)

P value

Timed

0.23 (0.06)

<.001

0.13 (0.05)

.008

Crossover group

−0.04 (0.06)

.49

−0.04 (0.05)

.45

Crossover group by time

0.02 (0.08)

.79

0.05 (0.07)

.50

Age

0.02 (0.01)

.08

−0.001 (0.01)

.93

Being female

−0.01 (0.06)

.78

0.01 (0.05)

.77

Having a child

−0.05 (0.09)

.55

0.09 (0.08)

.23

Just meet

0.08 (0.10)

.44

0.08 (0.09)

.37

Meet adequately

0.14 (0.11)

.19

0.17 (0.09)

.06

Meet comfortably

0.10 (0.11)

.38

0.02 (0.09)

.84

Cannot meet (reference)

—e

—

—

—

Associate degree

−0.09 (0.14)

.52

0.12 (0.12)

.33

Bachelor’s degree

−0.14 (0.13)

.28

0.003 (0.10)

.19

Master’s degree

−0.11 (0.13)

.38

0.06 (0.10)

.08

Doctorate degree

−0.09 (0.13)

.49

0.16 (0.10)

.13

Certificate (reference)

—

—

—

—

Numeracy level

0.01 (0.02)

.48

0.01 (0.12)

.28

Baseline use of NETPf

−0.16 (0.06)

.009

—

—

Baseline use of CTPf

—

—

−0.10 (0.06)

.10

Receive gain-framed messagesg

0.10 (0.05)

.05

0.05 (0.04)

.21

Receive emotional messagesg

0.01 (0.05)

.84

0.02 (0.04)

.57

Receive simple messagesg

0.13 (0.05)

.01

0.07 (0.04)

.11

Basic expenses

Education plan

a

NETP: new and emerging tobacco product.

b

CTP: conventional tobacco product.

c

Two models are presented in this table. Unstandardized coefficients are presented, and the significance level is examined at .007. Multimedia Appendix
5 presents 95% CIs for each coefficient.
d

The unadjusted time effect predicting perceived NETP risk was B (SE)=0.24 (0.04), P<.001, and the unadjusted time effect predicting perceived CTP
risk was B (SE)=0.16 (0.03), P<.001.
e

For reference factors (eg, cannot meet), this indicates that data is not applicable. For actual variables (eg, baseline NETP use), this indicates that the
variable was not included in the model.
f

Baseline use of NETP or CTP indicates past 30-day use of NETPs and CTPs at baseline.

g

These variables compare receiving 1 message type with its counterpart (gain-framed vs loss-framed, emotional vs rational, and simple vs complex).

Checking for Confounders
To check for potential demographic confounders of perceived
CTP risk, we determined whether intervention effects varied
by demographic characteristics, particularly those identified as
covariates. Overall, the results failed to identify effects as a
moderating function of age (P=.31), sex (P=.35), having a child
(P=.90), basic expenses (P=.26), education level (P=.06),
numeracy level (P=.06), or current tobacco use (P=.41). A
similar analysis for perceived NETP risk indicated no effects
as a function of age (P=.51), sex (P=.64), having a child (P=.75),
https://mhealth.jmir.org/2021/11/e25618

XSL• FO
RenderX

basic expenses (P=.14), education level (P=.87), numeracy level
(P=.05), or current tobacco use (P=.26).

Change in Perceived NETP Risk by Type of Message
Received
As presented in Table 2, there was a significant increase in
perceived NETP risk among participants receiving emotional
messages regarding NETPs (P=.006). We also observed a
nonsignificant increase in perceived NETP risk among
participants who received complex messages (P=.01) and those
who received loss-framed messages (P=.01).
JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 11 | e25618 | p. 7
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Table 3 shows a significant increase in perceived NETP risk
among participants who received rational messages (P=.005),

simple messages (P=.003), and gain-framed messages regarding
NETPs (P=.003).

Table 2. Change in perceived risk of using NETPa among participants receiving emotional messages, those receiving complex messages, and those
receiving loss-framed messages.b
Characteristics

Emotional (n=314)

Complex (n=324)

Loss-framed (n=321)

B (SE)

P value

B (SE)

P value

B (SE)

P value

Timec

0.24 (0.09)

.006

0.21 (0.08)

.01

0.20 (0.08)

.01

Crossover group

0.03 (0.09)

.72

−0.09 (0.09)

.32

−0.04 (0.09)

.63

Crossover group by time

−0.11 (0.13)

.41

0.11 (0.12)

.34

0.19 (0.12)

.11

Age

0.02 (0.02)

.23

0.02 (0.02)

.15

0.02 (0.02)

.18

Being female

−0.12 (0.08)

.14

0.04 (0.08)

.61

0.08 (0.08)

.29

Having a child

0.04 (0.13)

.76

−0.22 (0.13)

.09

0.16 (0.13)

.23

Just meet

0.06 (0.15)

.66

0.06 (0.17)

.71

0.09 (0.14)

.54

Meet adequately

0.08 (0.15)

.59

0.11 (0.17)

.51

0.04 (0.14)

.78

Meet comfortably

0.09 (0.16)

.55

0.04 (0.17)

.84

0.05 (0.15)

.72

Cannot meet (reference)

—d

—

—

—

—

—

Associate degree

−0.25 (0.21)

.23

−0.04 (0.20)

.84

−0.29 (0.21)

.17

Bachelor’s degree

−0.26 (0.19)

.17

−0.22 (0.18)

.22

−0.22 (0.19)

.24

Master’s degree

−0.23 (0.19)

.20

−0.22 (0.18)

.22

−0.26 (0.19)

.15

Doctorate degree

−0.23 (0.19)

.22

−0.19 (0.18)

.28

−0.25 (0.19)

.18

Certificate (reference)

—

—

—

—

—

—

Numeracy level

0.03 (0.02)

.15

−0.02 (0.02)

.36

−0.02 (0.02)

.43

Baseline NETP usee

−0.22 (0.09)

.009

−0.16 (0.08)

.06

−0.02 (0.08)

.01

Receive simple messagesf

0.06 (0.07)

.41

—

—

0.15 (0.07)

.04

Receive gain-framed messagesf

0.16 (0.07)

.04

0.13 (0.07)

.08

—

—

Receive emotional messagesf

—

—

0.09 (0.07)

.20

−0.02 (0.07)

.78

Basic expenses

Education plan

a

NETP: new and emerging tobacco product.

b

Three models are presented in this table. Unstandardized coefficients are presented with the significance level at .007. Multimedia Appendix 5 presents
95% CIs for each coefficient.
c

The unadjusted time effects for participants receiving emotional, complex, and loss-framed messages were B(SE)=0.18 (0.06), P=.004, B(SE)=0.26
(0.06), P<.001, and B(SE)=0.30 (0.06), P<.001, respectively.
d

For reference factors (eg, cannot meet), this indicates that data is not applicable. For actual variables (eg, receive simple messages), this indicates that
the variable was not included in the model.
e

Baseline NETP use indicates past 30-day use of NETPs at baseline.

f

These variables compare receiving 1 message type with its counterpart (gain-framed vs loss-framed, emotional vs rational, and simple vs complex).
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Table 3. Change in perceived risk of using NETPa among participants receiving rational messages, those receiving simple messages, and those receiving
gain-framed messages.b
Characteristics

Rational (n=322)

Simple (n=312)

Gain-framed (n=315)

B (SE)

P value

B (SE)

P value

B (SE)

P value

Timec

0.22 (0.08)

.005

0.25 (0.08)

.003

0.25 (0.08)

.002

Crossover group

−0.12 (0.09)

.16

−0.02 (0.09)

.85

−0.04 (0.09)

.65

Crossover group by time

0.14 (0.11)

.21

−0.08 (0.12)

.50

−0.14 (0.12)

.24

Age

0.02 (0.02)

.16

0.02 (0.02)

.27

0.02 (0.02)

.17

Being female

0.07 (0.08)

.36

−0.07 (0.08)

.39

−0.10 (0.08)

.21

Having a child

−0.16 (0.13)

.22

0.12 (0.13)

.33

−0.22 (0.13)

.10

Just meet

0.01 (0.15)

.52

0.10 (0.14)

.45

0.04 (0.16)

.80

Meet adequately

0.16 (0.15)

.28

0.15 (0.14)

.28

0.20 (0.16)

.22

Meet comfortably

0.09 (0.16)

.58

0.16 (0.14)

.27

0.13 (0.16)

.43

Cannot meet (reference)

—d

—

—

—

—

—

Associate degree

0.04 (0.20)

.82

−0.17 (0.20)

.39

0.07 (0.19)

.71

Bachelor’s degree

−0.02 (0.18)

.88

−0.04 (0.18)

.83

−0.09 (0.17)

.60

Master’s degree

−0.001 (0.18)

.99

0.03 (0.18)

.87

−0.01 (0.17)

.96

Doctorate degree

0.04 (0.18)

.80

0.03 (0.17)

.87

0.04 (0.17)

.82

Certificate (reference)

—

—

—

—

—

—

Numeracy level

−0.003 (0.02)

.86

0.04 (0.02)

.04

0.03 (0.02)

.13

Baseline NETP usee

−0.09 (0.09)

.31

−0.16 (0.09)

.06

−0.10 (0.09)

.26

Receive simple messagesf

0.21 (0.07)

.003

—

—

0.07 (0.07)

.30

Receive gain-framed messagesf

0.07 (0.07)

.32

0.09 (0.07)

.04

—

—

Receive emotional messagesf

—

—

−0.07 (0.07)

.34

0.03 (0.07)

.67

Basic expenses

Education plan

a

NETP: new and emerging tobacco product.

b

Three models are presented in this table. Unstandardized coefficients are presented, and the significance level is examined at .007. Multimedia Appendix
5 presents 95% CIs for each coefficient.
c

The unadjusted time effects among participants receiving rational, simple, and gain-framed messages were B(SE)=0.30 (0.06), P<.001, B(SE)=0.22
(0.06), P<.001, and B (SE)=0.18 (0.06), P=.002, respectively.
d

For reference factors (eg, cannot meet), this indicates that data is not applicable. For actual variables (eg, receive simple messages), this indicates that
the variable was not included in the model.
e

Baseline NETP use indicates past 30-day use of NETPs at baseline.

f

These variables compare receiving 1 message type with its counterpart (gain-framed vs loss-framed, emotional vs rational, and simple vs complex).

Change in Perceived CTP Risk by Type of Message
Received
Table 4 presents an observable nonsignificant increase in
perceived CTP risk among participants who received emotional
messages (P=.01), those who received complex messages
(P=.03), and those who received loss-framed messages (P=.01).
Among participants receiving complex messages, higher
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numeracy levels were significantly related to an increase in
perceived CTP risk (P=.006).
On the other hand, as presented in Table 5, there was no
significant increase in perceived CTP risk among participants
who received rational (P=.20), simple (P=.11), or gain-framed
messages (P=.23). Among participants who received simple
messages, numeracy level (P=.006) and current CTP use
(P<.001) were significantly related to higher perceived CTP
risk.
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Table 4. Change in perceived risk of using CTPa among participants receiving emotional messages, those receiving complex messages, and those
receiving loss-framed messages.b
Characteristics

Emotional (n=314)

Complex (n=324)

Loss-framed (n=321)

B (SE)

P value

B (SE)

P value

B (SE)

P value

Timec

0.02 (0.07)

.01

0.16 (0.07)

.03

0.18 (0.07)

.01

Crossover group

0.17 (0.07)

.76

−0.09 (0.08)

.24

−0.01 (0.08)

.94

Crossover group by time

−0.05 (0.10)

.64

0.03 (0.10)

.76

0.06 (0.10)

.54

Age

−0.01 (0.01)

.36

−0.01 (0.02)

.66

−0.01 (0.02)

.63

Being female

−0.01 (0.07)

.94

0.05 (0.07)

.45

0.04 (0.07)

.54

Having a child

0.11 (0.11)

.33

0.04 (0.12)

.71

0.19 (0.11)

.09

Just meet

0.25 (0.13)

.06

0.12 (0.15)

.43

0.22 (0.13)

.11

Meet adequately

0.27 (0.13)

.04

0.24 (0.15)

.11

0.23 (0.13)

.07

Meet comfortably

0.13 (0.14)

.35

0.11 (0.15)

.47

0.08 (0.13)

.55

Cannot meet (reference)

—d

—

—

—

—

—

Associate degree

−0.08 (0.18)

.68

0.19 (0.17)

.27

0.04 (0.18)

.80

Bachelor’s degree

−0.002 (0.16)

.99

0.06 (0.16)

.71

−0.002 (0.16)

.99

Master’s degree

0.06 (0.16)

.71

0.08 (0.15)

.59

0.01 (0.16)

.96

Doctorate degree

−0.04 (0.16)

.79

0.10 (0.16)

.52

−0.04 (0.16)

.81

Certificate (reference)

—

—

—

—

—

—

Numeracy level

0.02 (0.02)

.28

−0.02 (0.02)

.31

0.01 (0.02)

.52

Baseline CTP usee

−0.16 (0.09)

.08

0.07 (0.09)

.45

−0.14 (0.09)

.13

Receive simple messagesf

0.04 (0.06)

.53

—

—

0.06 (0.06)

.47

Receive gain-framed messagesf

0.14 (0.07)

.04

0.04 (0.07)

.57

—

—

Receive emotional messagesf

—

—

0.06 (0.07)

.32

−0.05 (0.06)

.47

Basic expenses

Education plan

a

CTP: conventional tobacco product.

b

Three models are presented in this table. Unstandardized coefficients are presented, and the significance level is examined at .007. Multimedia Appendix
5 presents 95% CIs for each coefficient.
c

The unadjusted time effects among participants receiving emotional, complex, and loss-framed messages were B (SE)=0.16 (0.05), P=.001, B (SE)=0.17
(0.05), P=.001, and B (SE)=0.21 (0.05), P<.001, respectively.
d

For reference factors (eg, cannot meet), this indicates that data is not applicable. For actual variables (eg, receive simple messages), this indicates that
the variable was not included in the model.
e

Baseline CTP use indicates past 30-day use of CTPs at baseline.

f

These variables compare receiving 1 message type with its counterpart (gain-framed vs loss-framed, emotional vs rational, and simple vs complex).
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Table 5. Change in perceived risk of using CTPa among participants receiving rational messages, those receiving simple messages, and those receiving
gain-framed messages.b
Characteristics

Rational (n=322)

Simple (n=312)

Gain-framed (n=315)

B (SE)

P value

B (SE)

P value

B (SE)

P value

Timec

0.09 (0.07)

.20

0.11 (0.07)

.12

0.08 (0.07)

.23

Crossover group

−0.10 (0.07)

.19

0.02 (0.07)

.81

−0.06 (0.07)

.41

Crossover group by time

0.12 (0.10)

.22

0.05 (0.10)

.62

0.03 (0.10)

.75

Age

0.01 (0.01)

.31

0.01 (0.01)

.48

0.01 (0.01)

.65

Being female

0.04 (0.06)

.49

−0.02 (0.06)

.81

−0.002 (0.07)

.98

Having a child

0.08 (0.11)

.47

0.18 (0.10)

.07

0.02 (0.11)

.84

Just meet

−0.14 (0.12)

.25

0.06 (0.11)

.58

−0.12 (0.13)

.36

Meet adequately

0.01 (0.13)

.96

0.10 (0.11)

.36

0.04 (0.13)

.78

Meet comfortably

−0.13 (0.13)

.31

−0.05 (0.11)

.67

−0.11 (0.14)

.42

Cannot meet (reference)

—d

—

—

—

—

—

Associate degree

0.31 (0.16)

.05

−0.001 (0.16)

1.00

0.18 (0.16)

.26

Bachelor’s degree

0.28 (0.14)

.05

0.24 (0.14)

.09

0.24 (0.14)

.09

Master’s degree

0.29 (0.14)

.04

0.32 (0.14)

.02

0.32 (0.14)

.02

Doctorate degree

0.35 (0.14)

.01

0.24 (0.14)

.08

0.32 (0.14)

.02

Certificate (reference)

—

—

—

—

—

—

Numeracy level

0.01 (0.02)

.65

0.04 (0.01)

.004

0.01 (0.02)

.37

Baseline CTP usee

−0.03 (0.08)

.74

−0.30 (0.08)

<.001

−0.05 (0.08)

.51

Receive simple messagesf

0.09 (0.06)

.11

—

—

0.06 (0.06)

.36

Receive gain-framed messagesf

−0.03 (0.06)

.64

0.10 (0.06)

.09

—

—

Receive emotional messagesf

—

—

−0.01 (0.06)

.89

0.09 (0.06)

.37

Basic expenses

Education plan

a

CTP: conventional tobacco product.

b

Three models are presented in this table. Unstandardized coefficients are presented with the significance level at .007. Multimedia Appendix 5 presents
95% CIs for each coefficient.
c

The unadjusted time effects among participants receiving rational, simple, and gain-framed messages were B(SE)=0.16 (0.05), P=.002, B(SE)=0.14
(0.05), P=.004, and B (SE)=0.10 (0.05), P=.03, respectively.
d

For reference factors (eg, cannot meet), this indicates that data is not applicable. For actual variables (eg, receive simple messages), this indicates that
the variable was not included in the model.
e

Baseline CTP use indicates past 30-day use of CTPs at baseline.

f

These variables compare receiving 1 message type with its counterpart (gain-framed vs loss-framed, emotional vs rational, and simple vs complex).

Discussion
Principal Findings
Tobacco marketing has successfully crafted messages to promote
tobacco use among the general public, particularly among YAs.
As a result, there has been evidence of limited public knowledge
concerning the harms of tobacco products [82,83], particularly
NETPs such as e-cigarettes and hookahs [84]. The use of mobile
phones in the United States is nearly ubiquitous. This study
expands on previous research by identifying exceptionally
successful types of SMS text messages that can be used to
correct YAs’ perceptions of tobacco risk. Controlling for the
https://mhealth.jmir.org/2021/11/e25618
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type of message received, our results show that YAs had a
significant increase in perceived NETP risk. However, when
stratifying by message type, we observed a significant increase
over time in perceived NETP risk upon exposure to emotional,
rational, simple, and gain-framed messages. In addition, YAs
generally had an increase in perceived CTP risk. Although not
significant, after stratification, we observed an increase in
perceived CTP risk upon exposure to emotional, complex, and
loss-framed messages.
Previous research on risk perception among YAs supports our
results pertaining to emotional and rational messages [85], and
it is in line with the ELM of persuasion [61]. In particular, the
JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 11 | e25618 | p. 11
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harms of NETPs are still unfamiliar to young populations and
YAs. To avoid a higher-level effort to process messages
regarding NETPs [86], participants receiving simple messages
had an increase in perceived NETP risk, whereas participants
receiving complex messages did not. This supports the need for
simple messages to convey information that requires more effort
to understand. Similarly, with a need to engage in peripheral
processing, participants who received emotional messages also
improved in perceived NETP risk. Interestingly, rational
messages also produced a significant increase in perceived
NETP risk, indicating the success of central processing of
information on NETPs. Conversely, YAs tend to be more
familiar with the harms of CTPs [86]. With less need for
effortful cognitive information processing, although
nonsignificant, participants receiving emotional messages and
those receiving complex messages produced an observable
increase in perceived CTP risk, whereas participants receiving
rational messages and those receiving simple messages did not.
Although the ELM may explain these results, it is key for future
researchers to further examine this interpretation and measure
YAs’ need for cognition and familiarity with the products.
However, according to previous research, both gain-framed and
loss-framed messages can be effective in increasing tobacco
risk perception through different mechanisms [87,88]. In this
study, although not significant, our results indicate an observable
decrease in perceived CTP risk among YAs exposed to
loss-framed messages. Supportive of our findings, previous
research has frequently indicated that YAs favor loss-framed
messages with health risk themes [88,89]. By highlighting the
potential losses that result from tobacco use, it is expected that
YAs experience sadness and fear, thereby increasing risk
perception [87]. On the other hand, YAs who received
gain-framed messages had significantly improved perceived
NETP risk levels. This finding agrees with previous research
indicating that emphasis on the potential benefits of avoiding
tobacco can stimulate a sense of guilt responsible for a decrease
in risk perception [83]. In addition, the success of our
gain-framed messages can be attributed to their design. In
particular, these messages did not directly present the benefits
gained as a result of avoiding tobacco (ie, not using tobacco
helps one gain certain benefits). Instead, most messages
described a lack of loss as being the benefit (ie, not using
tobacco helps one avoid negative consequences). This type of
message framing takes advantage of a gain-framed design while
still describing losses. Regardless of the mechanism at play,
our results emphasize the effectiveness of messages that
communicate a need to avoid losses resulting from NETP use.
Future research should consider implementing this message
structure to improve the perceived NETP risk.

Limitations
There are some study limitations to be considered. First, this
study involved a convenience sample. Nevertheless, the sample
is representative of the diverse community college population
in terms of demographic characteristics and tobacco use among
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Texan YAs [90,91]. Second, the trial included a wide variety
of tobacco products, making it difficult to attribute the outcomes
to messages on specific products. However, the distinction
between messages on NETPs (eg, vaping products and hookah)
and CTPs (combustible and smokeless products) made it
possible to identify successful message types for these 2
common groups of products in the United States. Finally, the
loss of participants to follow-up with retention of only 70.1%
(446/636) of participants may have made it difficult to capture
the significance of some of the observed predictions.

Implications
With our current findings, we cannot conclude that one message
type is more effective than another. Nevertheless, this study
aimed to identify successful message types individually. Our
results suggest that specific types of SMS text messages can be
particularly successful. On the basis of our findings, we
encourage future researchers to apply emotional, complex, and
loss-framed messages when conveying the harm of CTPs. On
the other hand, we recommend the use of simple and
gain-framed messages to inform about the harms of NETPs.
These messages may be emotional or rational.
Our messages can be strategically disseminated within
campaigns conducted via social media, smartphone apps, or
mass media. Our previous research has posited that YAs are
interested in mobile health (mHealth) programs that help them
learn about tobacco risks [58], and mHealth programs offer the
potential to greatly increase the reach of YAs. Such mHealth
programming can present rational, simple, and gain-framed
messages for communication of the risk of NETPs. Conversely,
emotional, complex, and loss-framed messages can be
disseminated to communicate the risk of CTPs.
It is important to note that the appropriateness and impact of
the messages are likely to be context-dependent, and the results
may have limited transferability. Nevertheless, with the results
of this study, researchers and practitioners implementing
mHealth programs may take advantage of our tailored messages
through larger technology-based programs such as smartphone
apps and social media campaigns. If a program were to be
designed where individuals could opt in to receive the messages,
a separate study might be needed to examine the target
populations’ needs and preferences with respect to these
messages. One promising avenue for future research in this area
is the integration of these messages into narratives that can
facilitate accurate tobacco risk perception. Several studies have
begun to consider the investigation of message framing
strategies within narratives, indicating that narratives can be
successful with both loss-framed and gain-framed messages
[88]. In the next step, we plan to examine how the success of
narratives can be improved based on message complexity and
emotional appeal. Although mHealth SMS text messaging can
efficiently and widely communicate tobacco risk, by integrating
narrative-based messages, researchers are likely to improve
YAs’ engagement through message attention and recall of
information.
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