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Abstract

Background—Text messaging programs on mobile phones have shown some promise in
helping people quit smoking. Text2Quit is an automated, personalized, interactive mobile health
program that sends text messages to offer advice, support, and reminders about quitting smoking.

Purpose—To evaluate the effect of Text2Quit on biochemically confirmed repeated point
prevalence abstinence in the context of an RCT conducted in the U.S.

Methods—~Participants (n=503) were recruited on the Internet and randomized to receive
Text2Quit or self-help material. Between 2011 and 2013, participants were surveyed at baseline
and at 1, 3, and 6 months post-enrollment to assess smoking status. Saliva was collected from
participants who reported not smoking in the past 7 days at the 6-month follow-up. An intent to
treat analysis was used, and those lost to follow-up were categorized as smokers. All analyses
were completed in 2013.

Results—Biochemically confirmed repeated point prevalence abstinence favored the
intervention group, with 11.1% abstinent compared to 5.0% of the control group (relative risk
[RR]=2.22, CI=1.16, 4.26, p<0.05). Similarly, self reported repeated point prevalence abstinence
was higher in the intervention group (19.9%) than in the control group (10.0%) (p<0.01). Effects
were found to be uniform across the analyzed demographic subgroups, although suggestive of a
larger effect for non-whites than whites.

Conclusions—These results provide initial support for the relative efficacy of the Text2Quit
program.
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Introduction

Methods

Tobacco use is the leading preventable cause of death, disability, and disease burden in the
U.S.12 Smoking-cessation programs on mobile phones that use text messaging have been
found to be effective for smoking cessation and other health behaviors.3-> A recent meta-
analysis of five studies of text messaging programs for smoking cessation concluded that
such programs increase long-term quit rates.3

In the U.S., a number of text messaging programs for smoking cessation are publicly
available. These include a national service called SmokefreeTXT, which was launched by
the National Cancer Institute (NCI) from Smokefree.gov in 2011. In addition, callers to the
national quitline number, 1-800-QUIT-NOW, are offered texting programs in some states.

In 2012, 25% of state quitlines offered a texting program in addition to phone counseling.®
In several states, quitline callers are offered a program called Text2Quit. Over 50,000 callers
have enrolled in Text2Quit since the service became available in 2011.7

Although the number of people enrolled in text messaging programs for smoking cessation
is increasing, few studies of such programs have been conducted in U.S. populations.®
Existing studies of U.S. populations have consisted of pilot-studies with small sample sizes
and short-term follow-up,®9 without a control group,® and without biochemical verification
of self-reported smoking status.8 In the formative study of Ybarra and colleagues,®
intervention participants were significantly more likely than control participants to have quit
at 4 weeks after their quit date, but findings were not sustained at 3 months.®

This study aimed to build upon an earlier pilot study® and evaluate whether, for a U.S.
sample recruited on the Internet, Text2Quit would be more effective than control material in
promoting biochemically confirmed repeated point prevalence abstinence at 6-month
follow-up. The results of this study will be informative, as no long-term studies of texting
for smoking cessation in the U.S. have been conducted and because Text2Quit is highly
subscribed to in the U.S.

Study Procedures

The study was approved by the George Washington University (GWU) IRB. Recruitment
occurred between May 19, 2011 and July 10, 2012. Recruitment and enrollment took place
on the Internet. Individuals who were searching on Google with keywords related to quitting
smoking saw study ads in conjunction with their search results. Study ads offered help for
quitting smoking and the possibility of earning Amazon gift cards in exchange for
participation in a research study. Individuals who clicked on a study ad were directed to the
study website. Interested participants who took a screening survey and were eligible were
asked to provide informed consent, take an online baseline survey, and set a quit date in the
next 30 days. Individuals were randomized by the computer system to intervention or
control groups following completion of the baseline survey.
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To be eligible for the study, participants were required to be: (1) aged =18 years; (2) smoke
five or more cigarettes a day; (3) have a U.S. mailing address; (4) have an e-mail address;
(5) have a cell phone number with an unlimited short messaging service (SMS) plan; (6)
have an interest in quitting smoking in the next month; and (7) not be pregnant.

Participants completed online survey follow-ups at 1, 3, and 6 months post-enrollment. For
participants who did not return online surveys after repeated e-mail reminders, surveys were
conducted by study staff by phone, e-mail, or SMS. Saliva was collected by mail from
participants who reported not smoking in the past 7 days at the 6-month follow-up.10:11 For
saliva collection, participants were mailed a kit with instructions, a salivette and a pre-paid
postage envelope for sample return. Samples that were returned to the research team were
kept in a refrigerator until they were mailed in batches to J2 Labs (Tucson AZ) for cotinine
analysis. Participants received a $15 Amazon gift card for each completed survey and a $25
Amazon gift card for providing a saliva sample.

The enrollment procedures were modified after a group of enrolled participants was detected
to be fraudulent and disqualified (n=57). Following this incident, additional procedures were
put in place in August 2011 to discourage fraudulent enrollees. A Completely Automated
Public Turing test to tell Computers and Humans Apart (CAPTCHA) code, which required
individuals to type the letters or numbers shown in an image, was added to the eligibility
form to prevent computer “bots” from enrolling.12 All participants were required to confirm
their interest in study participation via SMS following randomization. Finally, study staff
manually checked all cell phone numbers and e-mails within 3 days of enroliment.
Individuals who were found to have a cell phone or e-mail address that did not work or was
registered to someone else were disqualified.

Follow-up surveys at 1, 3, and 6 months after enrollment included measures of abstinence
from smoking, as measured by self-reports of 7- and 30-day past smoking.12 The primary
outcome was biochemically confirmed repeated point prevalence abstinence,!2 defined as a
self-report of no smoking in the past 30 days on the 3- and 6-month surveys and a cotinine
level <15 ng/mL1415 at 6 months. Measures of abstinence from the 1-month survey were
not included in the measure of repeated point prevalence abstinence because quit dates could
be set up to 30 days after enrollment, and some participants who had not reached their quit
date might be wrongfully excluded. Secondary outcomes consisted of 7- and 30-day
abstinence at 1-, 3-, and 6-month follow-up!2 and biochemically confirmed abstinence at the
6-month follow-up.

The baseline survey included items assessing demographic (e.g., age, gender, race/ethnicity,
and education) and smoking characteristics of participants (e.g., lives with one or more
smokers in the household, cigarettes smoked/day, and past quit attempts). Nicotine
dependence was measured with the Fagerstrom Test for Nicotine Dependence (FTND).16
The number of text messages participants sent and received prior to enrolling in the study
was assessed on the 1-month follow-up survey because this item was inadvertently omitted
from the baseline survey. Additionally, a measure assessed the use of the following
recommended smoking—cessation aids since study enrollment!’: calling a quitline, getting
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counseling from a physician or other clinical service, and using any U.S. Food and Drug
Administration (FDA)-approved quit-smoking medications. Participants were coded as
having used a recommended cessation aid if they replied yes to any of the recommended
aids on any of the three follow-up surveys.

For participants in the intervention group, Text2Quit engagement was assessed using
records of their interaction with the text messaging computer system and self-reported
survey data. The number of text messages a participant sent to the computer system,
including replies to Text2Quit programmatic surveys and keywords used, was totaled and
averages were calculated across participants. The total did not include use of the keyword
STOP, a keyword for unsubscribing from the program. The percentage of participants who
used this keyword served as an indicator of program disengagement. Self-reported data from
the 1-, 3-, and 6-month surveys were used to assess participant use of the Text2Quit website.

Group

Participants randomized to the intervention group received Text2Quit. Text2Quit is a
facilitated text messaging program designed to help people quit smoking.8 Text2Quit was
developed in 20108 by GWU with technical support provided by Voxiva Inc. (Washington
DC). The program consists primarily of automated, bidirectional text messages, which
comprise the central component of the program. E-mails and a web portal are offered as
supportive features.

The text messages are timed around a user’s quit date and provide advice on quitting
smoking. Messages are based on social cognitive theory!88 and are consistent with the U.S.
Public Health Service Clinical Practice Guidelines,!” which recommend calling a quitline
and considering the use of approved quit-smoking medications. Messages are interactive and
prompt users to track smoking, report on cravings, and provide smoking status. Participants
who report that they have not quit are routed into a separate relapse message protocol, which
includes the option of setting a new quit date. Messages are tailored around several factors
including first name, quit date, top three reasons for quitting, money saved by quitting, and
use of quit-smoking medications.1’

For the study, Text2Quit was offered for 6 months after enrollment, with the first 3 months
offering both outgoing messages about quitting smoking and on-demand help through the
use of keywords. After the outgoing messages stopped, participants could still text at any
time for help through keywords. SMS keywords included the ability to reset a quit date
(DATE), get help with a craving with a tip or a trivia game (CRAVE), get a summary of their
quitting statistics (STATS), and to indicate that they had smoked (SMOKED).

Outgoing messages peaked in the period just prior to and following the quit date.
Participants received five SMSs on their quit date and approximately two SMSs per day in
the week after the quit date. Frequency declined in the subsequent weeks to approximately
three SMSs per week for the next 2 months and then less than one per week for the
remaining portion of the outgoing phase.
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The SMSs were supplemented by a personalized web portal (text2quit.com) and e-mails.
The website provided access to a participant’s quitting information, tools for changing SMS
settings, and general resources for quitting smoking. E-mails were sent weekly in the period
around the quit date and then every few weeks for the first 3 months. E-mails generally
reiterated and expanded upon key messages from the texts. Participants could not reply to e-
mails or update information through e-mails.

Control Group

Participants randomized to the control group initially received a web link to Smokefree.gov,
a leading website with quitting smoking information run by the NCI. However, on
September 15, 2011, when Smokefree.gov launched its own texting program,
SmokefreeTXT, the control group material changed to avoid contamination of the control
group with a similar texting program. At this point, 135 (26.8%) participants had been
recruited into the study, 66 of whom were in the control group. Although consideration was
given to changing to another leading quit-smoking website, there were concerns that other
websites might also adopt a text messaging program during the trial period. Therefore, a
decision was made to offer future control group participants a guidebook on quitting
smoking developed by the NCI that had been used extensively in previous trials as a control
material (e.g., Prokhorov et al.1%). This guidebook, Clearing the Air, was offered via a web
link that led participants to a document containing similar advice and information as
Smokefree.gov.20 In addition to the control group materials, the control group also received
study-related reminder texts via SMS, particularly in the 2 weeks prior to each follow-up
survey.

Data Analysis

Analyses were conducted utilizing an intent to treat approach. Demographic differences
between the intervention and control groups were tested with t-tests or chi-square tests.
Primary and secondary outcomes were examined after imputation of missing data such that
non-responders on the surveys and those who did not return saliva samples were assumed to
be smoking.1# Chi-squared analyses were conducted to compare the proportion of
participants in the treatment and control groups who reported quitting. Additionally, using
logistic regression, the unadjusted and adjusted relative risk (RR) of quitting in the
intervention group compared with the control group was calculated for the primary and
secondary outcomes. To determine whether smoking outcomes for those in the treatment
and control groups differed across predetermined demographic categories, chi-squared
analyses were completed and the unadjusted RR was computed for demographic subgroups
on the primary outcome. Finally, to identify subgroups of participants who may have
benefited more from the intervention than others, exact logistic regression was used to test
for condition x subgroup interactions in predicting the primary outcome. A separate logistic
model was constructed for each subgroup. Analyses were conducted in 2013 using SAS,
version 9.3 (SAS Institute, Inc., Cary, NC).
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As shown in Figure 1, 7,247 participants took the eligibility survey. A total of 1,745
individuals consented, filled out the baseline survey, and were randomized. Of these, 503
(n=241 control and n=262 intervention) provided handset verification via SMS and had their
phone numbers and e-mails confirmed as valid and working. The remaining 1,242 were
excluded because they did not provide handset verification via SMS (n=502), did not have a
valid cell phone number (n=460), or the cell phone number given was a wrong number
(n=268). Analyses to detect differences between groups among those excluded revealed that
they were similar across conditions on all baseline demographic variables, with the
exception of race. Participants assigned to the control group and later excluded were more
likely to be white (p<0.05).

Follow-up rates for the 1-, 3-, and 6-month surveys were 85.7%, 82.9%, and 75.7%
respectively. Follow-up rates were similar between groups except for the 1-month survey,
which was slightly lower for the intervention group (p<0.01). Of those eligible to provide a
saliva sample (i.e., self-report of no smoking in the past 7 days at the 6-month follow-up,
n=133), 86 (64.7%) provided a saliva sample. The proportion of eligible participants who
returned a saliva sample did not significantly differ across the two groups. Of these, 21
(24.4%) were found to have high levels of cotinine in their saliva (>15 ng/mL). These
participants were coded as smokers in analyses of biochemically confirmed quitting.

Across all time points, the vast majority of participants completed the survey via web (1
month, 91.0%; 3 months, 90.2%; 6 months, 91.1%) with the remaining by phone, text, or e-
mail. Mode of survey completion was similar among intervention and control group
participants for all follow-up surveys.

Participant Demographics

Participant characteristics are presented in Table 1. Participants were on average 35.70
(SD=10.66) years old and predominantly white (78.5%), female (65.6%), and with at least
some college or trade school education (78.1%). On average, participants began smoking
when they were 17 (SD=5.60) years old and had been smoking for 18.48 (SD=11.25) years.
At the time of enrollment, participants smoked an average of 17.29 (SD=8.08) cigarettes per
day and had a FTND nicotine dependence score of 5.33 (SD=2.30). On average, participants
sent or received 29.32 (SD=51.20) text messages per day prior to enrolling in the study.
Intervention and control group participants were similar across variables except for
education (p<0.01).

Primary and Secondary Outcomes

Unadjusted and adjusted logistic regression models were conducted to examine outcomes
across groups. Models were adjusted for education, the variable found to be significantly
different across groups. Because the results were similar for the unadjusted and adjusted
models, unadjusted models are presented in Table 2.

An examination of the primary smoking—cessation outcome—biochemically confirmed
repeated point prevalence abstinence—showed that the intervention group had more than
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twice the likelihood of quitting compared with the control group. In the intervention group,
11.1% of participants were biochemically confirmed repeated point prevalence abstainers
compared with 5.0% of the control group (RR=2.22, 95% CI=1.16, 4.26, p<0.05). A similar
result, though with higher overall quit rates, was obtained for self-reported repeated point
prevalence abstinence: 19.9% of the intervention group reported abstinence compared with
10.0% of the control group (RR=1.99, 95% CI=1.27, 3.13, p<0.01).

Secondary outcomes were also explored. Although at the 6-month follow-up, self-reported
quitting favored the intervention group for past 7-day smoking (RR=1.53, 95% CI=1.13,
2.07, p<0.01), there was no significant difference in the proportion of biochemically
confirmed quitters between the intervention (15.7%) and control group (11.2%) (RR=1.40,
95% CI1=0.89, 2.20, p=0.15). At the 6-month follow-up, for past 30-day quitting, 24.8% of
the intervention group reported not smoking compared with 15.8% of control group
participants (RR=1.57, 95% CI1=1.10, 2.26, p<0.05).

For all of the subgroups analyzed (Table 3), there were a higher percentage of participants
quitting in the intervention group compared with the control group, and RRs were
statistically significant for some of the categories within subgroups (e.g., aged <35 years,
being female, and FTND score <5) (p<0.05). None of the intervention group x subgroup
interaction tests reached statistical significance at the p<0.05 level, indicating no clear
evidence of differential effectiveness for the examined subgroups. However, there was a
trend for non-white participants to benefit more from the intervention than white participants
(p=0.06).

Program Engagement

For participants in the intervention group (n=262), program engagement was assessed.
Based on computer records, most participants (85.1%) sent at least one text message to the
computer system during the trial (excluding the keyword STOP). Participants who interacted
with the system at least once had on average 28.47 (SD=25.81) interactions over the course
of the 6 months of the program. Total keyword use was higher among biochemically
confirmed repeated point prevalence abstainers (mean=35.21, SD=26.66) than non-
abstainers (mean=22.87, SD=25.51) (p<0.05), with abstainers using approximately 12 more
keywords.

In addition, 30.1% of participants (n=79) used the keyword STOP to unsubscribe from the
program during the 6-month intervention period. For those who unsubscribed, participants
unsubscribed an average of 61.22 days after enrollment (SD=58.23). The proportion of
biochemically confirmed repeated point prevalence abstainers did not differ significantly
between those who used the keyword STOP (n=5, 6%) and those who did not (n=24, 13%)
(x2[1, n=262]=2.58, p=0.11). Intervention group participants were also provided access to
the Text2Quit website. Based on self-report, most participants reported that they had not
logged onto the website in the past 7 days at the 1- (64%) and 3-month (81%) follow-ups.
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Discussion

This study evaluated the efficacy of a facilitated text messaging program aimed at smokers
searching for quit-smoking information on the Internet. The study results are encouraging.
Participants who were randomized to receive Text2Quit had a greater likelihood of
biochemically confirmed repeated point prevalence abstinence at 6 months post-enroliment,
the primary outcome of the study. The biochemically confirmed quit rates —11.1% in the
intervention group and 5.0% in the control—are roughly similar to those reported previously
in other text messaging studies?! and to studies of population-based cessation methods like
quitline phone counseling.22 No statistically significant differences among demographic
subgroups were found, but there was a trend suggestive of a larger effect for non-whites
compared with whites. The results from the secondary outcomes largely support the efficacy
of the intervention with self-reported 7- and 30-day point prevalence estimates at 6 months
significantly favoring the intervention group. However, although quit rates for
biochemically confirmed abstinence at 6 months was higher among the intervention group,
the difference was not statistically significant. The lack of a significant finding for this
outcome indicates that future studies are warranted for the overall positive results to be
conclusive.

This study has several strengths. The study addresses a gap in the literature identified by the
Community Preventive Services Task Force regarding the application of mobile technology
for smoking cessation in the U.S.5 and represents the first study of text messaging for
smoking cessation in the U.S. with long-term follow-up and biochemical confirmation of
smoking status. Although self-report is considered an adequate measure in population-based
studies with low participant involvement,23-25 the decision to biochemically confirm
smoking status was made because of the novel nature of the intervention. Like Free and
colleagues,?! biochemical verification of self-reported quitters revealed significant
discrepancies between self-reports and biochemically confirmed smoking status, with almost
one quarter of those providing a saliva sample misrepresenting their smoking status. Other
design strengths include that participants were recruited under real-world conditions with
study ads shown in the moment of Google searches for quit-smoking information.26 In
addition, with the exception of education, baseline demographic and smoking-related factors
were well balanced across groups.

This study is also noteworthy because it tests a program that is widely offered in the U.S.
through quitlines in combination with phone counseling.” Our findings are suggestive that
Text2Quit may improve quitting for quitline callers. However, further studies are needed
because quitline callers may represent a distinct population from those recruited on the
Internet, because text messaging may not confer additional benefits over and above those
received through quitline phone counseling, and because Text2Quit was slightly modified
for use with quitlines.

That participants were self-enrolled online and randomized by computer to the intervention
group represents both a strength and a weakness. It represents a strength in that the
automated enrollment procedures were not subjected to recruiter biases and may generalize
better to real-world program enrollment conditions. However, given that many people
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initially expressed interest in the study and later declined to participate while other people
enrolled in the study and were subsequently disqualified, self-enrollment on the Internet
should be approached with caution. The study eventually benefited from several safeguards
that were set up 3 months into the trial, including manually checking each phone number,
handset verification, and using a CAPTCHA code. As very little is published on recruitment
methods on the Internet (exceptions include Graham et al.2”), additional studies are required
to advance the science of Internet recruitment. Future studies should consider the use of
additional safeguards such as removing information on financial compensation from study
ads, using e-mails to verify contact participant information, and having interviewers call and
verify participant contact information. It should be noted that although participants
suspected to be fraudulent were removed from the study, these removals did not confound
the randomization process, and any misrepresentation of participants should be non-
differential and not explain our significant results. Furthermore, analyses revealed that those
disqualified were largely similar across study groups.

A weakness of the study is that a national texting program became available during the study
period. This implies that despite our best efforts, there may have been some contamination
of the control group, whereby participants in the control group could have independently
signed up for a smoking—cessation texting program. Indeed, 13 participants from the control
group (5%) indicated on their 3-month survey that they had used a texting program for
smoking cessation since enrolling in the study. This suggests that there was a low level of
contamination in the control group with a texting program and that the magnitude of effects
may be larger than those reported.

Other limitations include a low response rate (64.7%) among those eligible for providing a
saliva sample for biochemical verification, although the response rate did not differ between
intervention groups. Additionally, smokers recruited to the study represent a distinct group
with specific attributes; therefore, study results may have limited generalizability. Smokers
recruited to the study were already motivated to quit smoking and digitally connected, as all
had access to the Internet and a working cell phone with unlimited text messaging.

Conclusions

The use of mobile phones is widespread in the U.S. and other parts of the world, with three
quarters of adults globally having access to a mobile phone.28 The results from this trial of
motivated smokers recruited on the Internet provides preliminary evidence of the relative
efficacy of a facilitated text messaging intervention for smoking cessation. Studies are
needed that compare text messaging programs to other established smoking—cessation
treatments, as well as those that evaluate the efficacy of text messaging programs in the
context of health systems, including quitlines where they are currently in use.
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Table 1
Demographic characteristics of participants
All (n=503) Intervention group (n=262) Control group (n=241)

Age, M (SD) Gender (%) 35.7 (10.7) 35.9 (10.7) 35.5 (10.6)

Male 172 (34.2%) 82 (31.3%) 90 (37.3%)

Female 330 (65.6%) 180 (68.7%) 150 (62.8%)
Race/ethnicity (%)

White 395 (78.5%) 210 (80.2%) 185 (76.8%)

African American 54 (10.7%) 24 (9.2%) 30 (12.5%)

Latino 19 (3.8%) 9 (3.4%) 10 (4.2%)

Asian 12 (2.4%) 7 (2.7%) 5 (2.1%)

Other 23 (4.6 %) 12 (4.6%) 11 (4.6%)
Education (%)

High school or lower 110 (21.9%) 43 (16.4%) 67 (27.8%)

Some college or trade school 254 (50.5%) 146 (55.7%) 108 (44.8%)

College degree or higher 139 (27.6%) 73 (27.9%) 66 (27.4%)
Presence of =1 smoker in household (%) 233 (46.3%) 121 (46.2%) 112 (46.5%)
Cigarettes/day, M (SD) 17.29 (8.08) 17.68 (8.13) 16.86 (8.02)
Past quit attempts, M (SD) 6.09 (12.30) 5.34 (7.07) 6.89 (16.14)
Baseline nicotine dependence (FTND), M (SD) 5.33 (2.30) 5.36 (2.28) 5.30 (2.33)
Texts sent or received/day, M (SD) 29.32 (51.20) 25.09 (46.36) 33.58 (55.43)

Note: Boldface indicates statistical significance (p<0.01).

t-tests were utilized to compare means across the intervention and control groups.

Chi-square tests were utilized to compare proportions across the intervention and control groups.

FTND, Fagerstrom Test for Nicotine Dependence
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