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Dropout, response, and abstinence outcomes of a national
text-messaging smoking cessation intervention for teens,

SmokeFreeTeen

Charmaine Chan,"*” Kristyn Kamke,' Freda Assuah,” Sherine El-Toukhy"

Abstract

Although text-messaging interventions are effective for smoking
cessation, few target teens in the USA and little is known about
their effectiveness. The purpose of this manuscript is to examine
correlates of dropout, response to smoking status prompts, and
abstinence rates among subscribers of SmokeFreeTeen, a free,
publicly available text-messaging smoking cessation intervention
sponsored by the National Cancer Institute’s SmokeFree.

Gov initiative, on quit day through 1 month follow-up. In a
sample of teens (N = 2,685), aged 13-19, we examined
demographics, smoking frequency, cigarettes smoked per day,
prequit intervention time (i.e., maximum of 14 days of prequit
day preparation), and number of quit attempts as correlates of
response and abstinence rates among program initiators (i.e.,
participants who reached quit day but dropped out on or before
intervention end) and completers (i.e., participants who reached
quit day and completed the intervention). We also conducted
Cox regression analysis of time from quit day to dropout by daily
and nondaily smoking status. Two-thirds (n= 1,733, 64.54%)
dropped out before the intervention ended, with dropout

rates peaking on quit day (n= 289, 13.10%). Response rate

to smoking status prompts remained below 30% throughout
the intervention. At intervention end and 1 month follow-up,
abstinence was 2.63% and 2.55% among program initiators,
whereas abstinence was 6.09% and 6.01% among program
completers. Dropout, response, and abstinence rates did not
consistently differ by subscriber characteristics. Prequit time was
associated with decreased likelihood of dropping out (adjusted
hazards ratio: 0.94, confidence interval [Cl]: 0.93-0.95),
responding to smoking status prompts (adjusted odds ratio
[aOR]: 0.94, Cl: 0.92-0.96), and being abstinent (aOR: 0.96,
Cl: 0.93-0.99) on quit day. Two or more quit attempts were
associated with increased response (@OR: 1.61, Cl: 1.16-2.23)
and abstinence (aOR: 1.91, CI: 1.25-2.92) rates on Day

7. In afirst assessment of SmokeFreeTeen outcomes, we
document high dropouts and low response and abstinence
rates. SmokeFreeTeen produced abstinence rates lower than
comparable text-messaging interventions targeting teens and
young adults. Improving SmokeFreeTeen’s reach, engagement,
and effectiveness is needed.
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INTRODUCTION
Adolescence marks cigarette smoking initiation for
90% of U.S. adult smokers [1]. Defined primarily

Implications
Practice: Teen-focused smoking cessation text-
messaging interventions can be used to reduce
teen smoking.

Policy: Promoting SmokelreeTeen in schools
and pediatric practices and on social media plat-
forms popular among teens can potentially in-
crease the reach of SmokeFreeTeen.

Research: Future research is needed to identify
and test strategies to engage tech-savvy teens in
text-messaging interventions.

based on age (10-19 years old), adolescence is char-
acterized by physical, neurodevelopmental, psycho-
logical, and social changes [2]. In 2018, cigarettes
were the second most used tobacco product among
high- and middle-school students with 8.1% and
1.8% past 30 day cigarette use, respectively, which
is equivalent to ~1.4 million teen smokers [3]. Teen
smoking is associated with nicotine dependency,
continued smoking into adulthood, and other sub-
stance use, as well as health, psychological, and so-
cial problems [1]. Roughly 41% of teen tobacco users
have tried to quit tobacco, including cigarettes [4],
suggesting a need for effective interventions.

Text messaging is an affordable and efficient plat-
form for smoking cessation interventions [5]. In
2018, percentages of teens who have or have access
to a smartphone or cellphone were 95 and 29, re-
spectively [6]. Texting is a key communication mode
among teens, who, on average, send 39 texts a day,
not including social media messaging nor texting
mobile applications [6]. Traditionally, teen-focused
smoking prevention and cessation interventions
have been school, community, mass media based,
or policy related [7]. There is a dearth of text-
messaging smoking cessation interventions that ex-
clusively target teens [7-9]. In a U.S. study of teens
aged 14-18, teens who received smoking cessation
text messages reported significantly fewer cigarettes

TBM


mailto:sherine.el-toukhy@nih.gov?subject=

BRIEF REPORT

TBM

smoked in the past month at 6 month follow-up com-
pared to those who received general health text mes-
sages [10]. Alternatively, text-messaging smoking
cessation interventions that include teens alongside
young adults or adults elude basic audience seg-
mentation strategies for public health interventions
[11]. For two text-messaging smoking interventions
targeting teens and young adults in Switzerland
and Denmark, 1 month abstinence rate was 18%
(vs. 15% in their respective comparator groups) [12,
13]. However, subgroup analyses by age were not
available.

Although text-messaging interventions increase
smoking cessation among adults [5], little is known
about their effectiveness among teens. In this study,
we examined dropout, response, and abstinence
rates among subscribers of SmokeFreeTeen, a 6-8
week intervention that uniquely targets U.S. teens
under the National Cancer Institute’s SmokeFree.
gov initiative.

Intervention description

SmokeFreeTeen is a smoking cessation intervention
that is freely available to teens, aged 13-19 years
old, in the USA with a textmessaging-enabled
phone. Teens can sign up for the intervention online
or by texting TEEN to 47848. The intervention is
grounded in social cognitive theory and established
smoking cessation behavioral change strategies [14].
SmokeFreeTeen subscribers are recommended
to select a quit date within 2 weeks of signup (i.e.,
prequit time) during which they receive messages
to prepare them for smoking cessation. Starting on
quit day, subscribers receive three to five messages
per day that include tips and motivational content
over 42 days. Subscribers receive messages such
as “Feeling cranky is normal & some days will be
hard. You got this! We know you have a lot going
on but take a time out & blow off tension w/o cigs.”
During the intervention, subscribers also receive
weekly questions to assess their smoking status, as
well as at 1, 3, and 6 months postintervention end.
Subscribers can reset their quit date online or by
texting NEW. To unenroll, they can text STOP.

METHODS

Study population

Data came from teens who self-enrolled in
SmokeFreeTeen between January 2016 and
December 2018 (N = 4,311). For subscribers who
reset their quit date, we used the latest quit attempt
and excluded past attempts (n = 995 records). We
excluded subscribers who set a quit date before
signup (n = 30), dropped out before start of prequit
time (n = 5), had less than 42 days from quit day to
study end on December 31, 2018 (n = 197), or were
outside the 13-19 age range (n = 399). The final ana-
lytic sample was 2,685 subscribers.

Measures

Atsignup, subscribers reported their age, gender, zip
code, smoking frequency, and cigarettes smoked per
day. Zip codes were recoded into U.S. states and cat-
egorized into Census Bureau regions. The interven-
tion automatically records each subscriber’s signup,
quit, and dropout (when applicable) dates, which
we used to calculate “signup to quit day” and “quit
day to dropout” variables. All subscribers whose
“signup to quit day” exceeded the recommended 2
weeks from sign up to quit day were defaulted to
14 days of “prequit time,” whereas for those whose
“signup to quit day” was between 0 and 14 days,
“prequit time” remained unchanged. The decision
to default longer prequit times to 14 days is because
the intervention delivers support messages only
2 weeks prior to the self-determined quit day. For
teens who reset their quit date, we used their signup
date to calculate “signup to quit day” and “prequit
time” rather than the reset date(s). This decision was
made because the signup date was the most reliable,
having been captured for all subscribers, whereas
reset date(s) was captured differently for subscribers
who reset their date online versus on their mobile
phones. Furthermore, using the signup date allowed
us to capture repeated exposure to prequit messages
among participants who attempted to quit more
than once (multiple quit attempts ranged from 2 to
21, M = 2.57, standard deviation [SD] = 1.53).

We created four binary variables: (a) “number of
quit attempts” to capture whether a subscriber had
one or two or more quit attempts; (b) “completion
status” to capture whether subscribers dropped
out on or before intervention end (Day 42; i.e.,
noncompleters) or stayed in the intervention until Day
42 (i.e., completers); (c) “smoking status” to capture
whether subscribers were smokers or nonsmokers
if they responded “yes” or “no,” respectively, to the
once-a-week smoking status prompt; and (d) “re-
sponse status” to capture whether subscribers re-
sponded to the smoking status prompt with either
yes = smoker or no = nonsmoker (i.e., responders) or did
not respond (i.e., nonresponders). Smoking and re-
sponse statuses were determined at each assessment
time point independent of a participant’s previous
or following responses.

Data analysis

Half of the subscribers (n = 1,294, 48.19%) had
missing data on one to four subscriber characteris-
tics (Supplementary Table 1). Data were not missing
completely at random (Little’s Xz(df: 1) = 4455, p <
.0001) [15]. To preserve sample size and reduce bias
from excluding subscribers with incomplete data
[16], we imputed missing data for gender, census
region, smoking frequency, and cigarettes smoked
per day using multiple imputations (n = 20) for data
that met our inclusion criteria. We used a logistic
prediction model for binary categorical variables
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Survival

T T T
o 7 14

Days after quit date

T T T T
21 28 35 42

| Smoking frequency ——e—— 1: Non Daily —#—— 2: Daily ]

Day 0 1 2|3|4|5|6|7|8|9]|10|11|12|13 |14 |15 |16 |17 |18 |19 |20 |21
No. of dropouts | 289 | 133 | 84 | 66 | 60 | 47 | 58 | 42 | 23 |29 | 61 |22 |23 |27 |32 |14 |42|15|17 | 5 |10 | 36
Day 22 | 23 |24 (25|26 |27 |28|29|30|31|32|33|34|35|36|37|38|39|40 |41 |42
No. of dropouts | 7 8 5|4 |3 121177 |7 |3 [3[3]|]2|8|6|7|4[4]2]2]4

Fig 1 | Survival analysis of days in SmokeFreeTeen by daily versus nondaily smokers.

(i.e., gender) and a generalized logit model for
nonordinal categorical variables (i.e., region). Age,
number of quit attempts, and prequit time had no
missing data but were used as covariates.

In SAS 9.4, we conducted Cox regression survival
analysis and logistic regressions to examine subscriber
characteristics associated with dropout, response, and
abstinence rates on quit day through 1 month follow-up.
Using an intent-to-treat approach, abstinence models
were conducted for (a) program initiators (n = 2,205;
those who reached quit day) where nonresponders
and dropouts were considered smokers and (b) pro-
gram completers (n = 952; those who reached quit day
and completed the intervention) where nonresponders
were considered smokers. Smoking statuses were cap-
tured on Days 0 (quit day), 7, 14, 21, 28, 35, 42 (inter-
vention end), and 72 (1 month follow-up).

RESULTS

Among noncompleters (n = 1,733, 64.54%), 27.69%
dropped out prior to their quit day and 72.27%
dropped out on or after quit day (Table 1). Time from
quit day to dropout averaged 8 days. The survival
rate was around 45% for nondaily and daily smokers
by intervention end (Day 42; Fig. 1). Response rates
to smoking status prompts fluctuated throughout the
intervention with the highest being on Day 7 at 27.99%
and 22.68% and the lowest being on Day 42 at 9.41%
and 9.34% among program initiators and completers,
respectively (Supplementary Table 2). The 7 day
point prevalence abstinence rate was 2.63% and 6.09%
by intervention end (Day 42) and 2.55% and 6.01%
at 1 month follow-up among program initiators and
completers, respectively (Supplementary Table 2).
Among program initiators, longer prequit time was

associated with lower odds of dropout (hazard ratio
[HR]: 0.94) but also lower odds of response (adjusted
odds ratios [aORs]: 0.94, 0.94) and abstinence (aORs:
0.96, 0.95) on quit day and Day 7 (Table 2). Those
with two or more (vs. one) quit attempts were associ-
ated with higher odds of responding to smoking status
prompts (aOR: 1.79, 1.61) on quit day and Day 7 and
of being abstinent on Day 7 (aOR: 1.91). Subscribers
from the Midwest and West census regions had
higher odds of responding to smoking status prompts
(aORs: 1.50, 1.63) and of being abstinent (aORs: 1.53,
2.28) on quit day than subscribers from the South.
Correlates of dropout, response, and abstinence rates
for days 14, 21, 28, and 35 appear in Supplementary
Table 3. Among program completers, baseline char-
acteristics did not consistently contribute to abstin-
ence outcomes (Supplementary Table 4). We found
fairly comparable results with complete case analysis
(Supplementary Table 5).

DISCUSSION

Our results provide a first look at abstinence rates
among teens, aged 13-19, who self-enrolled in
SmokelreeTeen, a teen-targeted text-messaging
smoking cessation intervention. Teens prefer
self-help, technology-based interventions over trad-
itional ones such as in-person counseling because
they reduce teens’ concerns about judgments and
privacy [17]. Although texting is organic to teens’
lifestyles [6], few text-messaging smoking cessation
interventions target teens. Furthermore, in text
messaging interventions that enroll teens, teens
have been subsumed under different groups, often
with varying or overlapping age ranges (i.e., adults
defined as 18 years or older [18] or young people
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defined as younger than 20 years [7]). These prac-
tices resulted in uncertainty around the effectiveness
of text-messaging cessation interventions among
teens. SmokelreeTeen produced a 2.55% and 6.01%
abstinence rate at 1 month follow-up among pro-
gram initiators and completers, where abstinence
rates at all assessment time points were fairly uniform
across subscriber characteristics. SmokeFreeTeen
abstinence rates were lower than rates reported for
comparable text-messaging interventions targeting
adults [19] and those targeting both teens and young
adults [12, 13]. Dropout was high and response rates
were low throughout the intervention, both of which
were also fairly uniform across SmokeFreeTeen sub-
scriber characteristics.

Several associations between subscriber char-
acteristics and intervention outcomes are note-
worthy. Inconsistent with previous literature [20],
smoking frequency and cigarettes per day were not
consistently associated with abstinence outcomes.
Furthermore, longer prequit time was associated
with higher retention but with lower response and
abstinence rates, whereas number of quit attempts
was positively associated with response and abstin-
ence rates on select assessment time points. Our
results add to the mixed evidence in the literature
on the association between intervention dose and
smoking cessation outcomes [21, 22]. However, the
positive association between number of quit attempts
and abstinence may reflect literature showing it may
take multiple quit attempts before quitting success-
fully [23]. The independent and antagonistic asso-
ciations between prequit time and number of quit
attempts with dropout and abstinence outcomes
warrant additional research to parse out the mech-
anistic underpinnings of these associations.

Efforts to increase the reach of, engagement with,
and effectiveness of SmokeFreeTeen are warranted.
The 2,685 SmokeFreeTeen subscribers in our study
represent merely 0.19% of 1.4 million teen smokers
in 2018 [3]. To increase SmokeFreeTeen’s reach,
algorithms can detect smoking-related words and
images in posts on popular social media platforms
among teens (i.e., Instagram) and deliver targeted
SmokeFreeTeen advertisements. SmokeFreeTeen
can also be promoted in schools and pediatric clinics
to inform smoking teens of this resource.

High dropout and low response rates are problem-
atic for behavioral interventions, especially for real-
life, nonincentivized ones, such as SmokeFreeTeen
[24]. On one hand, there is no consensus on the
optimal frequency and timing of text messages for
intervention retention, engagement, and effect-
iveness. For example, researchers found that text-
messaging interventions with decreasing message
frequency over time and opportunities for individu-
alization show high efficacy [25], whereas others
determined that fixed schedules for deploying text
messages yield better results than decreasing or

variable schedules [9]. On the other hand, engaging
teens, as a tech—savvy generation, in text-messaging
interventions, such as SmokeFreeTeen, and sus-
taining their engagement is challenging. Empirical
evidence on teen-appropriate retention and en-
gagement strategies in digital-based interventions
is virtually nonexistent [26]. For example, engage-
ment strategies propagated in narrative reviews
(e.g., emphasizing the benefits of participation and
enlisting support from others) are not empirically
supported [26]. Furthermore, the frequency and
content of such strategies should be dependent on
the risk behavior in question. For example, our re-
sults show peaks in dropout on quit day through Day
7, a time when deployment of engagement strategies
would improve retention and ultimately abstin-
ence. Adopting strategies or elements from popular
platforms amongst teens (e.g., humorous messages
and videos in Vines) and team-driven challenges
may be beneficial, although empirical evidence for
proposed engagement strategies that are age and
behavior appropriate is needed. Teen-focused en-
gagement strategies are needed to make real-world
interventions stand out against other stimuli vying
for teens’ attention, lessen desensitization to inter-
vention messages over time, and, ultimately, in-
crease intervention effectiveness.

Noteworthy, lack of information (i.e., race and
ethnicity, parental education, and withdrawal symp-
toms) limited our ability to examine their associ-
ations with dropout, response, and abstinence rates.
Abstinence was selfreported with no biochemical
verification. As with real-world interventions, low
response rates and high number of dropouts and
missing data were observed. For example, with 10
(0.37%) and 7 (0.26%) participants responding to all
smoking status prompts until Days 42 and 72, re-
spectively, we could not conduct repeated-measures
analyses for response and smoking statuses. Missing
data could have also masked important variables
(i.e., smoking frequency and cigarettes smoked per
day) from showing significant associations with ces-
sation outcomes. Incentivized studies may limit
missingness and allow for longitudinal analyses of
smoking and response statuses. Besides smoking
status, no variables were collected beyond baseline,
which limited our ability to examine the effects of
SmokeIreeTeen from a harm reduction perspective
(i.e., reduction in the number of cigarettes smoked).
Other variables (e.g., noncigarette tobacco prod-
ucts use) would have been beneficial to comprehen-
sively examine tobacco use patterns and/or product
switching either partially or completely.

The use of signup date (rather than reset date|s])
to calculate prequit time resulted in longer prequit
time for teens with two or more quit attempts
(n =384, M )= 10.04, $D = 5.29) versus

prequit time (days

those with one quit attempt (n = 2,301, M

prequit time

)= 3.51, SD = 4.98; pooled t-test = —23.57, p

(days
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< .0001). We elected to run the analyses on all
2,685 teens because subscribers with two or more
quit attempts (M, = 17.46, SD = 1.45) were sig-
nificantly older than those with only one quit
attempt (Mage = 17.30, §D = 1.60, Satterthwaite
ttest = —2.02, p = .04). Furthermore, limiting
our analyses to subscribers with only one at-
tempt would have lowered response and abstin-
ence rates (Supplementary Table 7). Finally, we
chose to retain both prequit time and number of
quit attempts because they were independently
associated with dropout, response, and abstin-
ence rates (Table 2 and Supplementary Tables
3). Sensitivity analyses on subscribers with one
quit attempt only (n = 2,301) show generally con-
sistent results with what we report using the whole
sample (Supplementary Table 6). Noteworthy
is that prequit time was associated with dropout,
response, and abstinence rates as in full sample
analyses.

SmokeFreeTeen represents an opportunity to
reach teen smokers on a preferred platform and
a challenge to devise engaging content for a tech-
savvy audience. Nevertheless, SmokeFreeTeen has
the potential to be an important vehicle to reduce
teen smoking.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Translational Behavioral
Medicine online.
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