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The effects of framed messages for engaging adolescents
with online smoking prevention interventions
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Abstract
Messages emphasizing the harms of smoking (loss-
framed) or the benefits of not smoking (gain-framed) may
be effective for engaging adolescents with tobacco pre-
vention resources. This novel approach could help to
close a gap in tobacco prevention intervention delivery in
the pediatric primary care setting. To examine the effects
of framed messages for engaging adolescents with an
evidence-based smoking prevention website, adoles-
cents ages 12 to 17 presenting for primary care well-visits
were recruited for a three-arm experiment. Participants
completed baseline measures including demographics,
smoking behavior, and smoking susceptibility and were
randomized to view 1 of 3 messages introducing an
evidence-based smoking prevention website: (1) gain-
framed communicating the benefits of avoiding smoking,
(2) loss-framed communicating the harms of smoking, or
(3) neutral. Self-reported website engagement was
assessed at 1-month follow-up. Participants (279) (87%
of those enrolled) completed a follow-up (M age
14.9 years, 66% female, 32% non-white race, 47% non-
susceptible never smokers, 53% susceptible never
smokers/ever smokers). Overall, 26% of participants
reported website engagement. After adjusting for base-
line intentions to visit the website, engagement was sig-
nificantly greater in response to the loss-framed message
than the gain-framed (odds ratio [OR] 3.05, 95% confi-
dence interval [CI] 1.51, 6.15) and neutral (OR 2.31, 95%
CI 1.15, 4.63) messages. Themessage framing effects did
not differ by baseline smoking risk. Loss-framed mes-
sages emphasizing the harms of smoking may be effec-
tive for engaging adolescents with smoking prevention
resources.
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INTRODUCTION
Despite recent declines in cigarette smoking preva-
lence in the population, smoking remains a leading
preventable cause of death in the USA and continues
to incur substantial morbidity, mortality, and financial
costs each year [1]. Nearly 10% of US adolescents
smoke cigarettes [2], a substantial proportion of youth

who initiate smoking transition to regular use by
young adulthood [3], and a majority of adult smokers
initiate smoking during adolescence, making primary
prevention of adolescent smoking a public health
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priority [1]. The pediatric primary care setting is one
important context for delivering adolescent tobacco
prevention interventions [4]. Clinical guidelines rec-
ommend that pediatric primary care providers screen
and counsel all adolescent patients for cigarette smok-
ing and other forms of tobacco use [5]. However,
setting-, provider-, and patient-level barriers (e.g., brief
clinical encounters, competing health priorities) often
limit providers’ ability to accomplish this goal [4].
Population data indicate that as few as one of three
middle- and high school-aged US adolescents report
being asked about tobacco use or counseled on tobac-
co cessation or avoidance by a healthcare provider [6].
Emerging models (e.g., Ask, Advise, Connect [AAC])

seek to address this gap in tobacco use intervention
delivery by positioning providers to screen patients
during the clinical encounter and connect them to
evidence-based interventions that can be readily
accessed outside of the clinical setting [7, 8]. In the
AAC model, providers assess smoking and provide
brief guidance to patients on smoking behavior
change, and then refer patients to supportive interven-
tions, such as smoking cessation quitlines or other
counseling, to access following the clinical encounter.
The AAC model has been shown to be effective for
increasing adult smokers’ uptake of cessation resour-
ces such as quitlines in primary care settings [7, 8].
However, there is limited evidence on whether such a
model can be adopted for smoking prevention in the
pediatric primary care setting.
Evidence-based adolescent smoking prevention

interventions are available online, can be freely
accessed, and can appeal to adolescents due to their
interactivity and game-like features [9, 10]. Research
suggests adolescents find such interventions to be en-
gaging, and non-smokers have been shown to be up to
three times less likely to initiate smoking as a result of
such interventions [9, 10]. Pediatric primary care pro-
viders are poised to connect adolescents to such
resources by offering them as adjuncts to clinical
encounters [4]. However, a critical unanswered ques-
tion in this intervention model is how to communicate
online resources to adolescents in such a way that
motivates them and engage with them. This is an
important step to investigate because adolescents are
traditionally a difficult population to engage with pre-
vention resources online due in part to competing
interests and activities within this medium (e.g., web
surfing, social media) [11, 12].
Grounded in prospect theory, the concept of mes-

sage framing suggests that framing messages around
the benefits of avoiding a risky behavior (i.e., gain-
framed) or the harms of engaging in a risky behavior
(i.e., loss-framed) can differentially affect behavioral
outcomes [13, 14]. This message framing hypothesis
is rooted in prospect theory’s tenets of decisionmaking
under circumstances of risk and uncertainty and pos-
tulates that health-related messaging can convey infor-
mation in terms of gains or losses tomotivate behavior
change [13]. Gain- and loss-framed messages may in-
fluence behavioral outcomes through differential

cognitive pathways, such as respectively affecting effi-
cacy and risk beliefs related to the target behavior [15].
A longstanding body of research generally indicates
that gain-framed messages are more effective for pro-
moting disease prevention behaviors, such as avoiding
smoking [16].However, framing effects consistent with
this hypothesis are not always evident and the ob-
served effects are often small [16]. There is also evi-
dence from message framing studies on tobacco use
and other behavioral domains that gain- and loss-
framed message effects may differ based on factors
such as prior involvement with the target behavior or
level of behavioral risk [17, 18]. Most message framing
studies have focused on adult smoking cessation be-
havior [16], and research examining the effects of
framed messages for adolescent smoking prevention
is scarce. Unique factors influencing adolescent smok-
ing initiation (e.g., sensation seeking, social exposures)
[19] compared with adult smoking cessation behavior
(e.g., nicotine dependence) [20] also suggests the pos-
sibility that the effects of framed messages for youth
smoking preventionmay differ from those observed in
studies of adult smoking cessation. No study to date
has investigated whether gain- or loss-framed mes-
sages are effective for motivating adolescents to take
action to avoid smoking by engaging with evidence-
based prevention resources online and if message
framing effects differ based on adolescents’ risk of
smoking in the future.
This study sought to fill this research gap by exam-

ining the effects of persuasive, gain- and loss-framed
messages for promoting adolescents’ engagement with
an evidence-based, interactive online smoking preven-
tion intervention offered as an adjunct to pediatric
primary care visits. The study also investigated if the
effects of framed messages differed by adolescents’
baseline smoking risk.

METHODS
Setting and participants
The study took place at an adolescent medicine clinic
in a large, urban hospital located in Washington, DC.
Eligible participants were patients aged 12 to 17 years
who were in good health based on parent and adoles-
cent self-report. Participants also had to have access to
the Internet and an e-mail address in order to complete
study procedures. There were no inclusion or exclu-
sion criteria based on smoking behavior.
Participants were recruited in two ways. Potentially

eligible patients within the study age range were iden-
tified using clinic records, and a recruitment packet
was sent by US postal mail to the address of the parent
or guardian. The packet included a letter introducing
the study, informed consent and assent forms, and a
stamped return envelope. Research staff conducted
telephone follow-up to the mailings within 7 days to
address any questions about the study, assess interest
and eligibility to participate, and administer informed
consent and assent. Recruitment also occurred in the
clinic setting at predetermined times where research
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staff approached potentially eligible patients and their
parents at the time of their clinic visits, introduced the
study, and screened those who were interested for
eligibility. Those who were eligible and had a parent
present provided signed informed consent and assent
forms to complete study enrollment at their clinic
visits. Potentially interested and eligible patients who
did not complete enrollment at the clinic (e.g., if a
parent was not present or they wanted more time to
consider participating) were provided with a study
packet and research staff followed up by telephone to
screen and enroll participants similar to procedures
described above.
All study participants providedwritten parental con-

sent and adolescent assent, and the study procedures
were reviewed and approved by an institutional re-
view board.

Procedures
Participants were contacted by e-mail within 7 days of
enrollment and providedwith a web link to complete a
secure, baseline assessment online. The baseline in-
cluded measures of demographic characteristics,
smoking behavior, and other constructs described be-
low. At the conclusion of the baseline, using a simple
randomization algorithm, the participants were ran-
domly assigned in approximately equal numbers to
one of three message conditions: (1) a gain-framed
message emphasizing the benefits of avoiding smok-
ing; (2) a loss-framedmessage emphasizing the risks of
smoking; (3) a neutral message. All messages intro-
duced participants to the online smoking prevention
intervention in such a way that was consistent with the
framing conditions. The gain- and loss-framed mes-
sages included visual imagery consistent with the mes-
sage frame. Framed message content was developed
based on the existing literature on adolescent tobacco
prevention communication [21–23] and message
framing [16] and with feedback from the study team.
Draft messages were pretested through one-on-one
interviews with adolescents from the target population
and revised according to their feedback. Study mes-
sages are available from the corresponding author
upon request.
At the conclusion of the baseline assessment after

the message exposure, participants were provided
with a web link to access the smoking prevention
website. The website to which participants were direct-
ed is an evidence-based, multimedia online smoking
prevention and cessation resource developed for ado-
lescents called BA Smoking Prevention Interactive
Experience^ (ASPIRE) [9, 10]. ASPIRE is a theory-
driven, individually tailored program designed for
adolescents that is available online [9, 10]. It is
designed as a self-paced game where adolescents enter
basic demographic information and their past smoking
behavior, and the interactive experience is tailored to
their responses. It is designed so adolescents can revisit
the site and access the contents as often as theywish. In
a school-based randomized trial, at 18-month follow-

up, adolescent non-smokers were three times less like-
ly to initiate smoking with ASPIRE relative to usual
care [9]. ASPIRE is recognized as a National Cancer
Institute Research Tested Intervention Program and is
included in the American Academy of Pediatrics rec-
ommendation statement for tobacco prevention pro-
grams [5].
One month after the baseline assessment, partici-

pants were contacted by e-mail using similar proce-
dures to complete an online follow-up assessment.

Measures
Demographics—Adolescent demographics measured at
baseline included gender, age, and race/ethnicity.
Parents’ marital status and educational attainment
were ascertained at eligibility screening from those
willing to report this information.
Smoking-related covariates—To characterize the sample

and assess the need to control for any smoking-related
risk factors in analyses, we measured three well-
established risk factors for adolescent smoking: expo-
sure to family and friends who smoke and tobacco
advertising exposure [19]. Exposure to family and
friends who smoke were measured using five valid
items [24, 25]. Items capture exposure to smoking by
immediate family members (parents, siblings) and
male and female friends and are used to create a
dichotomous variable indicating any smoking expo-
sure through these two sources. Tobacco advertising
exposure was assessed using four items adapted from a
previously validated national adolescent tobacco sur-
vey [26]. Items measure adolescents’ exposure to to-
bacco advertising via television and in movies, the
Internet, print media, and the point of sale. Responses
are on a five-point scale ranging from Bnever^ to Ball
the time^ and were summed to create a score with
higher values indicating greater advertising exposure
(Cronbach’s α = 0.70).
Adolescent smoking risk—Adolescent smoking risk was

codetermined by two independent variables: (1) life-
time smoking behavior and (2) smoking susceptibility.
Lifetime smokingwasmeasured at baseline using valid
items from adolescent tobacco surveys [27] and used
to categorize participants as either never smokers (nev-
er tried smoking, not even a puff) or ever smokers
(tried smoking). Among never smokers, baseline sus-
ceptibility to smoking was then assessed with a valid
four-item measure [28]. This measure evaluates the
likelihood of smoking a cigarette soon, in the next
year, experimenting in the future, and smoking a cig-
arette if offered one by a friend. Response options
include Bdefinitely yes,^ Bprobably yes,^ Bprobably
not,^ and Bdefinitely not.^ Never smokers were con-
sidered susceptible to smoking in the future if they
endorsed a response other than definitely not to any
of the four items [19, 28, 29]; otherwise, they were
considered non-susceptible. Susceptibility has been
consistently shown to predict future smoking initiation
among adolescents [19, 28, 29]. Our binary variable of
adolescent smoking risk indicated whether
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participants were non-susceptible never smokers or
susceptible never smokers/ever smokers. The latter
categories were combined due to the low prevalence
of ever smokers in the sample (11.6% at follow-up).
Intentions to use prevention website—At baseline, im-

mediately after exposure to the messages present-
ing the website, participants’ behavioral intentions
to visit the smoking prevention website were
assessed using a single item adapted from previous
research on adolescent Internet use and online
tobacco interventions [30–32]. The item asked
BDo you think you would visit this website?^ with
response options for definitely yes, probably yes,
probably not, and definitely not.
Website engagement—The primary outcome for the

study was participants’ self-reported engagement with
the prevention website at follow-up. Similar to the
behavioral intentions item, engagement was measured
using a single item adapted from previous research
[30–32]. The item was preceded by a statement de-
scribing the study website and asked participants
whether they visited the site in the past 30 days (yes/
no). Among those who indicated any engagement with
the website, we assessed how often they did so during
the follow-up period using a single item with response
options for once, twice, three times, and four or more
times.

Statistical analysis
A priori power calculations indicated a baseline sam-
ple of 300 or more participants would provide ade-
quate power to test the effects of framed messages for
website engagement between messaging conditions.
Descriptive statistics were used to characterize the
baseline and follow-up samples, and bivariate tests (t-
tests, χ2 tests) were used to assess whether participants
who were lost to follow-up differed from those
retained. Similarly, bivariate tests were used to assess
whether any participant characteristics differed by
message condition.
To assess whether participants’ engagement with the

website at follow-up differed by message condition,
bivariate χ2 tests were conducted. Then, a series of
logistic regression models were created to assess the
effects of message condition on website engagement
comparing the loss-framed message to both gain-
framed and neutral messages. Models were conducted
unadjusted and adjusting for intentions to visit the
website measured at baseline. To assess whether mes-
sage framing effects differed by smoking risk at base-
line (non-susceptible, never smokers versus those who
were susceptible or had tried smoking previously), χ2

tests were used to examine whether message framing
effects differed by smoking risk at baseline, and an
interaction between message condition and baseline
smoking risk was introduced into the regression
model.
The clinical setting serves families with multiple

children, so the sample included the following sibling

sets: 204 singletons, 29 dyads, 3 triads, and 2 tetrads.
The logistic regression models corrected for variance
attributable to clustering of siblings within families
using survey procedures in SAS version 9.3 [3].

RESULTS

Participants
In total, 645 patients and their parents were
approached about the study (n = 106 by postal mail,
n = 539 in clinic), 558 (86.5% of those approached)
were screened for eligibility, and 433 (77.6% of those
screened) were eligible.Most were ineligible due to the
presence of a health condition that parents or patients
reported would inhibit participation (89.6% of n = 125
ineligible patients). Of the eligible patients, 375
(86.6%) provided parental consent and adolescent as-
sent, and 319 (85.1% of those consented) completed a
baseline survey and were randomized. Additional in-
formation on recruitment and enrollment is shown in
Supplementary Fig. 1.
A total of 279 participants (87.5% of those enrolled)

completed a follow-up and were included in the ana-
lytic sample. Those lost to follow-up were more likely
to be Black/African American (46.2% to follow-up vs.
23.7% retained, p= .003), to report having friends who
smoked cigarettes at baseline (41.0% lost to follow-up
vs. 25.0% retained, p = .035), and reported greater
baseline tobacco advertising exposure (M 12.4, SD
2.9 lost to follow-up, M 11.2, SD 2.8 retained,
p = .013). Characteristics of participants at baseline
and follow-up are shown in Table 1.

Bivariate analyses by study condition
There were no statistically significant differences in
participant demographic or smoking-related charac-
teristics by study condition, indicating successful ran-
domization. After the message exposure at baseline,
participants’ intentions to visit the website differed
significantly by study condition (F2,274 = 5.23,
p = .006). Intentions to visit the website were highest
for neutral condition (M 2.48, SD 0.75), followed by
the loss-frame (M 2.21, SD 0.74) and gain-framed
(M 2.15, SD 0.71) conditions.

Website engagement by message condition
Overall, 25.9% of participants reported engagement
with the website. Of participants who reported website
engagement, 60.6% visited the site once, 22.5% twice,
4.2% three times, and 12.7% four ormore times during
the follow-up period. In bivariate analyses website
engagement differed significantly by messaging condi-
tion (Fig. 1). Engagement was greatest for the loss-
framed message (37.1%), followed by the neutral
(24.5%) and gain-framed message (16.1%, p = .006).
Results of the logistic regression analyses of message

framing effects on website engagement are shown in
Table 2. In unadjusted models, participants in the loss-
framed message condition reported greater website
engagement than the neutral (odds ratio [OR] 1.85,
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Table 1 | Participant characteristics at baseline and 1-month follow-up

Baseline (n = 319) Follow-up (n = 279) P value

Gender .107
Male 36.0% (105) 34.4% (96)
Female 64.0% (204) 65.6% (183)

Age (M, SD) 15.0 (1.6) 14.9 (1.6) .263
Race .003
Black/African American 26.4% (84) 23.7% (66)
White 57.9% (184) 58.4% (163)
Other race 15.7% (51) 17.9% (50)

Ethnicity .645
Hispanic 12.2% (39) 12.5% (35)
Non-Hispanic 87.8% (280) 87.5% (244)

Parent’s marital status –

Married/partnership 78.3% (241) 81.4% (219)
Single, never married 6.8% (21) 6.0% (16)
Divorced/separated/widowed 14.9% (46) 12.6% (34)

Parent’s educational attainment –

Less than college degree 19.6% (59) 19.7% (52)
College degree or higher 80.4% (243) 80.3% (212)

Smoking risk .100
Never smoker, not susceptible 46.2% (145) 47.3% (130)
Never smoker, susceptible/ever smoker 53.8% (169) 52.7% (145)

Covariates related to smoking risk
Exposure to family members’ smoking 18.7% (59) 18.1% (50) .457
Exposure to friends’ smoking 26.9% (85) 25.0% (69) .035
Tobacco advertising exposure (M, SD) 11.4 (2.8) 11.6 (3.1) .013

Message framing conditions .797
Gain-framed 32.9% (105) 33.0% (92)
Loss-framed 33.2% (106) 32.6% (91)
Neutral 33.9% (108) 34.4% (96)

Data are% (n) unless otherwise indicated. Some ns within categories do not sum to total n due to sporadicmissing data (<5%of the sample for any given variable).
P values reflect comparison of the sample retained at 1 month versus those lost to follow-up. All participants lost to follow-up were missing data on parental
demographics, so p value could not be computed
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Fig 1 | Percentage of participants reporting website engagement at follow-up overall and by baseline smoking risk. Note: In
bivariate analyses of message framing effects in the study sample χ2 [2 df] = 10.25, p = .006; among non-susceptible, never
smokers χ2 [2 df] = 6.96, p = .031; and among susceptible never smokers/ever smokers χ2 [2 df] = 4.96, p = .084. In a
multivariable logistic regression model that adjusted for baseline intentions to visit the website, the interaction between
message condition and baseline smoking risk was not statistically significant (χ2 [2 df] = 1.53, p = .466)
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95% confidence interval [CI], 0.99, 3.46) and gain-
framed (OR 3.13, 95% CI 1.56, 6.29) message condi-
tions. In the models adjusting for differences in base-
line intentions to visit the website, patterns were sim-
ilar but all comparisons reached statistical significance:
the loss-framedmessage produced significantly greater
website engagement compared with the neutral (OR
2.31, 95% CI 1.15, 4.63) and gain-framed (OR 3.05,
95% CI 1.51, 6.15) messages.

Message framing effects by baseline smoking risk
Figure 1 displays message framing effects for website
engagement by baseline smoking risk. In bivariate
analyses, there were similar trends in the message
framing effect among non-susceptible, never smokers
(χ2 [2 df] = 6.96, p = .031) and among those who were
susceptible to smoking or who had tried smoking
previously (χ2 [2 df] = 4.96, p = .084), with the highest
proportion of both groups reporting website engage-
ment in response to the loss-framed message (Fig. 1).
In the logistic regression model that adjusted for base-
line intentions to visit the website, the interaction be-
tween message condition and baseline smoking risk
was not statistically significant (χ2 [2 df] = 1.53,
p = .466), indicating the message framing effects were
robust to baseline smoking risk.

DISCUSSION
This study examined the effects of persuasive gain-
and loss-framed messages for motivating adolescents
to engage with an evidence-based smoking prevention
website offered as an adjunct to pediatric primary care
visits. The findings indicate loss-framed messages us-
ing text and imagery to convey the risks of smoking
weremore effective than gain-framed and neutral mes-
sages for promoting website engagement, and the
effects of loss-framed messages were consistent across
participants’ baseline smoking risk. These results have
implications for future research and interventions for
adolescent smoking prevention in the primary care
setting that can address known barriers to smoking
prevention intervention delivery [4].
Examining how to effectively communicate

evidence-based smoking prevention resources to
youth is an important first step to implementing
system-based approaches to improve intervention

delivery in this clinical context. Such systems-based
interventions leverage clinical informatics resources,
such as electronic health records, to streamline the
clinical workflow and routinize screening and counsel-
ing patients for smoking and referral to intervention
resources [7]. Recent studies demonstrate such an Ask,
Advise, Connect interventionmodel where primary care
providers screen for smoking, provide brief cessation
advice, and connect adult smokers with cessation
resources such as telephone quitlines is effective for
increasing utilization of these cessation resources
among smokers [7, 8]. Our findings provide evidence
in support of an initial step of this intervention ap-
proach in pediatric primary care for adolescent smok-
ing prevention: loss-framed messages conveying the
risks of smoking led two to three times as many ado-
lescents to engage with an evidence-based prevention
website than gain framed messages conveying the
benefits of smoking avoidance or a neutral message
introducing them to the website. In both these inves-
tigations, however, the effect on engagement with
smoking-related interventions was modest overall.
This highlights a need for research to continue to
investigate ways to design communication strategies
to maximize their effect on patients’ intervention en-
gagement within such intervention models, such as
messaging targeting other smoking-related constructs
beyond the risk-related targets of loss-framedmessages
(e.g., self-efficacy) [15].
These results are consistent with other evidence

indicating messaging that vividly conveys the risks of
smoking is effective for adolescent tobacco prevention,
such as pictorial warning labels on tobacco products
[33, 34]. The study results add uniquely to the evi-
dence on adolescent smoking prevention by indicating
that such loss-framed messages are effective not only
for shifting adolescents’ perceptions of smoking and
other related outcomes [33, 34] but by demonstrating
they can promote engagement with smoking preven-
tion resources offered online. Future studies can apply
these findings in the process of implementing and
testing intervention models such as Ask, Advise, Connect
for adolescent smoking prevention in the pediatric
primary care setting.
The study also showed the effects of loss-framed

messages were similar across levels of baseline smok-
ing risk, including among those who were susceptible
to smoking or had ever tried smoking at baseline.

Table 2 | Smoking prevention website utilization by study condition at 1-month follow-up

Neutral message as comparison Gain-framed message as comparison

Unadjusted odds
ratio (95% CI)

Adjusted odds
ratio (95% CI)

Unadjusted odds
ratio (95% CI)

Adjusted odds
ratio (95% CI)

Loss-framed message 1.85 (0.99, 3.46) 2.31 (1.15, 4.63) 3.13 (1.56, 6.29) 3.05 (1.51, 6.15)
Gain-framed message 0.59 (0.28, 1.26) 0.76 (0.34, 1.69) Ref. Ref.
Neutral message Ref. Ref. 1.69 (0.80, 3.58) 1.32 (0.59, 2.95)
Baseline intentions – 2.17 (1.40, 3.36) – 2.17 (1.40, 3.36)
Models corrected variance attributable to within-family correlated data due to siblings in the dataset using SAS version 9.3 survey data analysis procedures. Odds
ratios with 95% confidence intervals that do not include 1 are statistically significant at p < .05
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However, the prevalence of smoking in the sample
was low in comparison with adolescents nationally
[2] preventing further analyses of message effects
among adolescents who actively smoke. Among adult
smokers, research indicates that framed message
effects vary based on factors related to smoking inten-
sity, such as nicotine dependence, indicating that gain-
framed messages have a stronger effect for promoting
cessation among dependent smokers [17]. The ob-
served effects of loss-framed messages may have been
due in part to the fact that few adolescents were active
smokers and messaging conveying smoking-related
risks motivated action [35]. The differences in message
framing effects observed here compared with studies
of adult smokers may also be due to differences in the
recommended behavioral action (i.e., engaging with a
website versus quitting smoking) and factors influenc-
ing these respective behaviors [19, 20], as previous
message framing studies show variation in effects
across these types of behaviors [16]. Future studies
can build from this investigation by examining the
effects of framed messages in higher-risk adolescents,
including those who smoke.
The study findings may also have implications for

research related to tobacco product warning label reg-
ulations. The Family Smoking Prevention and Tobac-
co Control Act authorized the Food and Drug Admin-
istration (FDA) to regulate tobacco products, including
requiring pictorial warning labels for cigarette packs
that are similar to the loss-framedmessages tested here
[36]. FDA issued an initial set of pictorial warnings for
cigarette packages, but tobacco industry lawsuits pre-
vented their implementation [37]. As part of this court
decision, the federal judge criticized the inclusion of
smoking cessation resources (i.e., a quitline number)
on the warnings [37]. Although this study did not
investigate the effects of pictorial warnings, the loss-
framed messages tested are similar and the findings
suggest they may be effective for motivating adoles-
cents to engage with evidence-based intervention
resources. This is an outcome that may be important
to investigate in studies of warning labels among
adolescents.
The study findings should be interpreted in light of

important limitations. All study measures were based
on adolescent self-report, website engagement was
assessed with a single item measure, and it is unclear
how this metric of engagement relates to smoking
behavior. Although the study relied on validmeasures,
they are subject to potential reporting biases. Future
studies should implement multiple, objective website
engagement measures (e.g., website tracking analytics)
and examine smoking behavior as an outcome. The
study was conducted in a convenience sample of ado-
lescents recruited from a single clinical site, and the
prevalence of smoking in the sample was low relative
to adolescents nationally. This limits the generalizabil-
ity of the findings to broader populations, and future
work to replicate the findings in population-based
samples is warranted. Finally, the results are based on
a single brief exposure to the study messages. It will be

important to examine additional strategies to increase
adolescents’ engagement with smoking prevention
resources, such as message content targeting addition-
al smoking-related constructs, repeated exposures, or
booster messages sent through other media (e.g.,
online, through mobile phones).
Despite these limitations, the study findings have

implications for researchers, practitioners, and policy-
makers. For researchers, it will be important to evalu-
ate the effects of framed messages for motivating pre-
ventive behavior change in higher-risk populations
not studied here, such as adolescents who currently
smoke. For practitioners, our findings suggest that in
pediatric primary care settings, presenting evidence-
based prevention resources offered as adjuncts to clin-
ical visits by vividly conveying the risks of smoking
using text and vivid imagery can optimize adolescents’
engagement with these resources following the clinical
encounter. For policymakers, the study findings add to
the evidence base in support of risk-based messaging
in broader tobacco regulatory contexts, such as picto-
rial warning labels for cigarette packages to dissuade
smoking among adolescents.
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