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Abstract

Background: The medical field seeks to use social media to deliver health interventions, for example, to provide low-cost,
self-directed, online self-help groups. However, engagement in online groups is often low and the informational content may be
poor.

Objective: The specific study aims were to explore if sending automessages to online self-help groups encouraged engagement
and to see if overall or specific types of engagement related to abstinence.

Methods: We conducted a Stage I Early Therapy Development Trial of a novel social media intervention for smoking cessation
called Tweet2Quit that was delivered online over closed, 20-person quit-smoking groups on Twitter in 100 days. Social media
such as Twitter traditionally involves non-directed peer-to-peer exchanges, but our hybrid social media intervention sought to
increase and direct such exchanges by sending out two types of autocommunications daily: (1) an “automessage” that encouraged
group discussion on an evidence-based cessation-related or community-building topic, and (2) individualized “autofeedback” to
each participant on their past 24-hour tweeting. The intervention was purposefully designed without an expert group facilitator
and with full automation to ensure low cost, easy implementation, and broad scalability. This purely Web-based trial examined
two online quit-smoking groups with 20 members each. Participants were adult smokers who were interested in quitting and were
recruited using Google AdWords. Participants’ tweets were counted and content coded, distinguishing between responses to the
intervention’s automessages and spontaneous tweets. In addition, smoking abstinence was assessed at 7 days, 30 days, and 60
days post quit date. Statistical models assessed how tweeting related to abstinence.

Results: Combining the two groups, 78% (31/40) of the members sent at least one tweet; and on average, each member sent 72
tweets during the 100-day period. The automessage-suggested discussion topics and participants’ responses to those daily
automessages were related in terms of their content (r=.75, P=.012). Responses to automessages contributed 22.78% (653/2867)
of the total tweets; 77.22% (2214/2867) were spontaneous. Overall tweeting related only marginally to abstinence (OR 1.03,
P=.086). However, specific tweet content related to abstinence including tweets about setting of a quit date or use of nicotine
patches (OR 1.52, P=.024), countering of roadblocks to quitting (OR 1.76, P=.008) and expressions of confidence about quitting
(OR 1.71, SE 0.42, P=.032). Questionable, that is, non-evidence-based, information about quitting did not relate to abstinence
(OR 1.12, P=.278).
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Conclusions: A hybrid social media intervention that combines traditional online social support with daily automessages appears
to hold promise for smoking cessation. This hybrid approach capitalizes on social media’s spontaneous real-time peer-to-peer
exchanges but supplements this with daily automessages that group members respond to, bolstering and sustaining the social
network and directing the information content. Highly engaging, this approach should be studied further.

Trial Registration: Clinicaltrials.gov NCT01602536; https://clinicaltrials.gov/ct2/show/NCT01602536 (Archived by WebCite
at http://www.webcitation.org/6WGbt0o1K)

(J Med Internet Res 2015;17(2):e50) doi: 10.2196/jmir.3772
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Introduction

The medical field is increasingly interested in using social media
such as Facebook and Twitter for delivering health interventions,
including interventions that involve peer-to-peer social support
and information exchange such as online self-help groups [1].
Social media holds promise for delivering health interventions
because it is popular; 73% of online adults reportedly use social
media with 42% using multiple sites and often daily [2]. Also,
social media is virtually free to users, interactive, and accessible
24-7 to anyone with a mobile phone, tablet, or computer
connected to the Internet.

Twitter seems especially promising for facilitating online
self-help groups because it allows users to send short messages
or “tweets” of up to 140 characters instantly to multiple others
and to receive immediate feedback from one or many. Moreover,
private Twitter groups can be set up in which all members, and
only members, can simultaneously see and reply to the posts.
Group members can post photographs further encouraging
intimate relationships and online communities to form [3,4].

In addition, Twitter’s user-friendly application programming
interface (API) facilitates health care and research applications.
Software programs written for Twitter can send out
“autocommunications” or pre-scheduled automatically delivered
communications as Twitter posts, or alternatively as mobile
texts or emails. Other programs written for Twitter can
download past tweets into searchable databases, and all of this
has substantial utility for supporting and understanding health
behavior change. As a result, there is an abundance of health
and medical applications of Twitter [1].

Nevertheless, there are concerns about using social media-based
health interventions on Twitter or elsewhere. An overriding
concern is that engagement or interactivity may be low [5-8].
For example, though millions of people use health forums to
obtain health information, most users do not post frequently or
continually and so effects on health outcomes have been modest
[6]. However, people who actively engage online often do
benefit [9,10]. Thus the underlying problem seems to be low
engagement [11], which is potentially correctable by finding
mechanisms to increase engagement [4,11]. For instance,
sending daily automessages to online self-help groups that
suggest group discussion topics might possibly trigger
engagement.

Another concern about using social media for health
interventions and especially for online self-help groups is that

peer-to-peer postings may be of poor quality, for example,
inconsistent with clinical practice guidelines [12,13]. In fact,
many studies have documented questionable postings [14,15].
For instance, a study of Twitter accounts identified using the
search criteria of “quit or stop smoking” found a preponderance
of use by bloggers to promote non-evidence-based cessation
products such as e-cigarettes, herbs, and lasers [14]. Sending
daily automessages to online self-help groups might also
possibly help with the problem of non-evidence-based content,
by directing the information content toward evidence-based
topics.

The current research builds on past studies of one-way
automessage-based health interventions, that is, interventions
involving text or email messages created by health experts that
are automatically sent out to individual recipients via computers
on fixed schedules to encourage health behaviors. Several initial
studies indicated that automessage interventions were effective
for smoking cessation [16-20], but a recent review found that
just three of 15 randomized trials of automessage-based smoking
cessation interventions demonstrated a significant improvement
over control [21]. Sending daily automessages to online
quit-smoking groups that encourage evidence-based information
exchange and social support might possibly increase intervention
efficacy, and so our study takes a first look at this.

The current research involved a Stage I Early Therapy
Developmental Trial [22] of a novel social media-based
intervention for smoking cessation called Tweet2Quit. This was
a hybrid social media intervention because traditional social
media like Twitter is characterized by non-directed peer-to-peer
exchanges, and we sought to encourage and direct such
exchanges with our daily autocommunications. Using automated
software programs that ran off our study website, we sent out
daily automessages to bolster and sustain the peer-to-peer
exchanges and to encourage evidence-based discussion topics,
and we sent out daily individualized autofeedback on prior-day
tweeting.

Consistent with the call for N-of-1 or small-scale trials that
target discrete but significant questions for advancing mHealth
interventions [23,24], this initial trial tested the Tweet2Quit
intervention in two pilot groups of 20 members each. To assess
the possible social media-based behavior change mechanisms,
we coded participants’ tweets on two dimensions: (1) whether
or not the tweet was an automessage-generated response, that
is, a response to an intervention automessage, and (2) the
specific content of the tweet. To examine the potential merits
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of our hybrid approach of combining peer support with
automessages, we formulated two specific research aims: (1)
to explore whether the automessages encouraged engagement,
that is, tweeting, and (2) to assess if overall engagement or
specific types of engagement were related to abstinence. Due
to the nonrandomized treatment-only research design, statistical
models were used that included three participant-level covariates
that have been found to relate to abstinence success in the
literature: education [25-28], gender [26,29], and baseline
cigarettes per day [27,30,31].

Methods

Overview
We conducted a developmental trial of the Tweet2Quit
intervention by setting up two consecutive online quit-smoking
groups with 20 adult smokers per group (total N=40).
Recruitment, screening, informed consent, assessments
(baseline, 7, 30, and 60 days), and intervention delivery all
occurred online. The research took place in 2012 with approval
and oversight from the Institutional Review Boards of the three
sponsoring US universities. As a main function of the
developmental trial, in Group 1 we identified improvements in
participant screening, intervention delivery, and assessment
methods that we implemented in Group 2.

Twitter-Based Intervention
Tweet2Quit was delivered using closed, 20-person, 100-day
peer-to-peer Twitter support groups. The decision to include
20 smokers in each group was based on research indicating that
a typical virtual social network has about 17-20 active
participants [32-34]. The intervention combined (1) a daily
“automessage” that appeared as a Twitter post and posed a
question to encourage a group-level discussion on an
evidence-based cessation-related topic [12,13] or
community-building topic [3,4], and (2) daily individualized
“autofeedback” that either praised engagement or encouraged
more engagement based on past 24-hour tweeting.

The intervention was purposefully developed without an expert
group moderator in order to be low cost, fully automated,
completely scalable, real-time, and peer-to-peer. We selected
Twitter as the social media platform over Facebook because it
was easier to keep posts private, that is, within the group,
relative to Facebook and also because the Twitter programming
language is superior. We set up the groups to be private to ensure
confidentiality. That is, we set up each group member to follow
and be followed exclusively by the other members, and we
instructed members not to let others join.

Twitter Set-Up
We created new email and Twitter accounts for the study
participants because this allowed us to access the accounts if a
participant’s tweeting behavior became problematic, although
this never occurred. Participants provided their own preferred
usernames and passwords. We sent participants simple
instructions to set up their mobile phones to send and receive
texts from Twitter because this required physical access to their
phones. We encouraged participants to post a photo or image
for personalization of their Twitter account. Most importantly,
we encouraged participants to tweet their group daily, reiterating
this multiple times during recruitment, screening, and group
assignment, and in the daily autocommunications. Participants
often directed their tweets to one or more specific group
members using the @ sign, and over time numerous social dyads
and triplets formed (CM Lakon et al, unpublished data, 2015),
but Twitter automatically sent every tweet simultaneously to
all group members ensuring their full access to all posts at all
times.

Intervention Autocommunications
A novel part of the intervention was the development of daily
automessages suggesting discussion topics that were posed as
questions to prompt tweeting. The automessages were sent out
mechanically from the study website using a Twitter-based
software program. The messages came from an account labeled
“smokingcessat” and were posted as tweets, that is, they
appeared on the group’s Twitter feed. Most of the automessages
encouraged discussions that were consistent with clinical
practice guidelines for smoking cessation [12,13] and referred
to the functional, emotional, and/or self-identity benefits of
quitting smoking [35,36]. Additional automessages promoted
group bonding, that is, online community formation [3,4]. As
a main function of our developmental trial, based on our initial
learnings, we increased the number and improved the timing
of the automessages from Group 1 to Group 2.

Table 1 summarizes the complete set of 100 automessages that
were used in Group 2. A similar or representative subset of these
automessages, totaling 58, was used in Group 1. The
automessages encouraged participants to share their smoking
histories or other personal information (23%), identify rewards
for quitting (19%), counter roadblocks to quitting (13%),
identify roadblocks to quitting (9%), express emotional support
for quitting (9%), set a quit date or use nicotine patches (6%),
or express confidence about quitting (5%). Some of the
automessages asked about the intervention (16%) at the
intervention end.
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Table 1. Automessage topics versus automessage-generated tweetsa.

Percent of automessage-
generated tweets (N=653),
% (n)

Percent of automes-
sages (N=100), % (n)

Main benefit to
participants

Verbatim examplesAutomessage topics

38.0 (248)23.0 (23)Self-identityHow many years did you smoke?Sharing of smoking histories
or other personal informa-
tion

18.1 (118)19.0 (19)EmotionalHow do you reward yourself for being a
nonsmoker each day?

Identification of rewards for
quitting

3.1 (20)13.0 (13)FunctionalWhat will you do when you feel the urge
to smoke?

Countering of roadblocks to
quitting

8.0 (52)9.0 (9)FunctionalWhat activities, responsibilities, tasks, or
people were or are the biggest triggers for
you to smoke?

Identification of roadblocks
to quitting

3.0 (19)9.0 (9)EmotionalMany of you have quit smoking for an
entire month! Congratulations! How does
it feel?

Expressions of emotional
support for quitting

2.0 (13)6.0 (6)FunctionalHow do you remind yourself to put on a
new patch each day?

Setting of a quit date or use
of nicotine patches

6.0 (39)5.0 (5)Self-identityDo you feel confident that you are now a
nonsmoker?

Expressions of confidence
about quitting

a16.0% (16/100) of automessages asked about the intervention, eliciting 11.0% (72/653) of automessage-generated tweets. No automessages asked for
questionable information about quitting or assertions of abstinence but, of the tweets coded as automessage-generated due to their timing, 6.0% (39/653)
and 5.1% (33/653) were coded as containing such content, respectively.

Group 1 received daily automessages for the first 30 days
followed by automessages 3x/week for 70 days, and these
automessages were sent out at nighttime (12 a.m. Pacific, 3 a.m.
Eastern) to stimulate a response the next morning. Analyses,
however, indicated that the nighttime automessage timing was
suboptimal because there were no spikes in tweeting the next
morning (details below), and so the timing was changed.
Furthermore, when Group 1’s automessages were reduced to
3x/week, their tweeting declined markedly. Thus Group 2
received one automessage per day for the full 100 days, and
these automessages were sent out in the evening (5 p.m. Pacific,
8 p.m. Eastern) to stimulate an immediate response.

Intervention Autofeedback Sent via Twitter
To further encourage engagement, each morning for 100 days
(9 a.m. Pacific, 12 p.m. Eastern), participants received daily
autofeedback on their prior 24-hour tweeting behavior from the
study website. A Twitter-based software program automatically
downloaded the tweets every night, identified tweeters and
non-tweeters, and sent prewritten autofeedback praising tweeters
for engaging and encouraging non-tweeters to engage using
varied wording. In Group 1, the autofeedback was posted on
the group’s Twitter feed, but we learned that many participants
were not logging onto Twitter and so they were not receiving
the autofeedback. Hence in Group 2, the autofeedback was sent
out as texts to each participant’s mobile phone to reach those
not logged onto Twitter. We had initially planned to cease all
autocommunications at 60 days when the free nicotine patches
and abstinence surveys ended. However, many of the Group 1
participants kept tweeting past 60 days, and so we continued
the autocommunications through day 100 in both groups.

Nicotine Patches and Quit Date
Each participant was mailed an 8-week supply of nicotine
patches that was dosed per the baseline smoking level (starting
with 14 mg patches if <10 cigarettes/day and 21 mg patches if
>10 cigarettes/day). Participants were instructed to initiate patch
use on their quit date. Clinical practice guidelines recommend
combined pharmacological and behavioral treatment to address
the physiological and psychological components of nicotine
addiction in regular daily smokers [13].

In addition, participants were referred to the National Institutes
of Health online quit-smoking guide to develop a quit plan and
were instructed to set a quit date and initiate patch use on their
quit date. Group 1 participants were instructed to set a quit date
that was within 14 days of intervention start based on clinical
practice guidelines [13]. We found, however, that those who
delayed setting a quit date until the second week also delayed
engaging with the group and were marginalized by the group.
Thus for Group 2, the quit window was reduced to within 7
days of intervention start.

Sample Recruitment and Screening
Smokers were recruited using Google AdWords and a US
$2,000/month pro bono ad budget provided by the Bonnie J.
Addario Lung Cancer Foundation. When a person typed a
cessation keyword into a Google search (eg, nicotine patches,
quit smoking), a study ad appeared if our automated ad bid
(maximum of $2/keyword) exceeded competing bids. The
Google ads linked to the Tweet2Quit website that provided
study information and a brief application form. Recruitment
took about 4 months per group.

Applicants were contacted by email about 1 month prior to
study start and given a link to the screening survey that also
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included the informed consent form. Exclusion criteria included
contraindications to nicotine patch use; active prescription
medicine for depression, anxiety, or quitting smoking; use of
an illicit hard drug in the past 4 weeks; or residency with another
participant. The inclusion criteria were smoked 100+ cigarettes
in one’s lifetime, currently smoking 5+ cigarettes per day,
intending to quit in the next month, aged 18-59, English
speaking, and continental US resident with an active email
account, mobile phone with Internet access and unlimited
texting, and weekly texting. For Group 2, daily Facebook use
was added as an inclusion criterion because this related
significantly to Group 1 participants’ tweeting volume. Also
for Group 2, daily marijuana use was added as an exclusion
criterion because a Group 1 member reported using marijuana
daily to avoid tobacco and recommended this to others.

Survey Measures
The baseline survey assessed participants’age, gender, ethnicity,
marital status, education, and smoking history, and it included
the Fagerstrom Test of Nicotine Dependence [37]. The primary
outcome, smoking abstinence, was assessed at 7, 30, and 60
days after the quit date that participants had recorded on the
study website. In both groups, 25% (10/40) of participants chose
day 1 as their quit date while 75% (30/40) chose a later date.
Three participants, all from Group 1, failed to enter a quit date
and were given the last possible date.

At each assessment point, abstinence was measured using two
standard self-report questions about 7-day point prevalence
smoking: “How many cigarettes have you smoked in the past
7 days?” and “Have you puffed on a cigarette within the past 7
days?” Any smoking or puffing was recorded as non-abstinent.
Non-responses were recorded as missing. As a secondary
outcome and an indicator of treatment adherence, we also
measured participants’nicotine patch use (yes/no). We measured
this for the past week at the 7-day follow-up, and for the past
month at the 30-day and 60-day follow-ups. Non-responses
were recorded as missing.

In Group 1, the follow-up assessments were conducted via
emailed links to online surveys, but response rates were lower
than expected: 60%, 65%, and 60% at 7, 30, and 60 days post
quit date, respectively. So for Group 2, we also sent texts and
called by phone to obtain the survey responses, and response
rates improved to 95%, 90% and 80%, respectively.

Tweeting Measures
The groups’ tweets for each day were automatically downloaded
to an Excel database using another Twitter software program,
and we assessed tweeting volume, content, and timing as
secondary outcomes. The database contained a separate record
for each tweet that showed the verbatim message sent, the
sender’s username, each recipient’s username if designated (eg,
by @), and the date and time. We then summed the tweets by
group, participant, week of study, and time of day. We also
recorded whether each participant tweeted at least once and
continued tweeting past day 30.

Furthermore, the tweets were content coded based on the
discussion topics that were posed in the automessages and based
on other common discussion topics as reflected in the tweets.
A codebook was created with 15 mutually exclusive and
collectively exhaustive content codes, and each tweet received
a single code (see Table 2). Furthermore, the tweets were coded
to indicate whether they were in response to an automessage or
spontaneous. Automessage-generated responses or tweets were
identified based on whether the tweet was addressed to the
account “smokingcessat” that sent the automessage and/or
occurred shortly after the automessage was sent and was
associated with the question posed. All other tweets were coded
as spontaneous.

Two trained research assistants independently coded the tweets.
For the tweet content coding, the kappa or intercoder reliability
was .94 for Group 1 (95% CI 0.93-0.96) and .80 for Group 2
(95% CI 0.78-0.82). For the coding of automessage-generated
versus spontaneous tweets, the kappa was .86 for Group 1 (95%
CI 0.79-0.94) and .91 for Group 2 (95% CI 0.88-0.93).
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Table 2. Total tweets and spontaneous tweets by topic and abstinencea.

Relationship be-
tween total tweets
and abstinence

Spontaneous tweets
(N=2214, 77%), % (n)

Total tweets
(N=2867), %
(n)

Main benefitVerbatim examplesOverall tweet topics

P valueOR
(SE)

.2371.08
(0.07)

20.01 (443)24.00 (688)Self-identityI'm a mom of 4, just got married a
month ago

Sharing of smoking histo-
ries or other personal infor-
mation

.1561.04
(0.03)

28.00 (620)22.01 (631)EmotionalDay 2 for you? Hang in there...it gets
easier!!

Expressions of emotional
support for quitting

.0311.17
(0.09)

14.00 (310)12.00 (344)Self-identity@jenjencan I have been 32 hours
without it after the last 18years!!!!

Assertions of abstinence

.7541.02
(0.08)

10.00 (221)10.01 (287)FunctionalAnyone else smoke when they drive
alone? I have a 30-55 min commute
each way to work, usually smoke 2x
b4 arrival. Ideas to fight the urge?

Identification of road-
blocks to quitting

.0651.26
(0.16)

5.01 (111)8.00 (229)EmotionalMy goal after quitting in playing in
local tennis tournament and hope i
make it past first round.

Identification of rewards
for quitting

.2781.12
(0.11)

6.01 (133)6.00 (172)Emotionaleach time i want to grab for a smoke
i eat a single piece of candy

Sharing of questionable
information about quitting

.0241.52
(0.28)

5.01 (111)4.01 (115)FunctionalSet my date for 1/21Setting of a quit date or
use of nicotine patches

.0081.76
(0.37)

2.98 (66)3.00 (86)FunctionalI'm doing yoga and chewing straws
to cope, what is everyone else doing?

Countering of roadblocks
to quitting

.0321.71
(0.42)

2.98 (66)3.00 (86)Self-identityI quit once before so I'm counting on
doing it again

Expressions of confidence
about quitting

aMiscellaneous topics comprised 8.00% (229/2867) of total tweets and 6.01% (133/2214) of spontaneous tweets and included positive evaluations of
the intervention (3.00% (86/2867), eg, It's good to know there is a group of people going thru it w/me); reporting of stressful life events (eg, Have a
cold. Chest hurts a lot); mentions of another’s support of the quit (eg, Oh and my hubby is still smoke free too! We're both on day 10); negative evaluations
of the intervention (eg, I dunno how this Twitter stuff works); reporting of non-abstinence (eg, I'm still not all the way a non smoker. I've had a few this
week); and other, each at about 1.01% (29/2867).

Analyses
Models using generalized estimating equations (GEE; Proc
Genmod, SAS v9.3) were run to assess the group effects (Group
1 versus 2) on abstinence status and nicotine patch use over
time, after accounting for the clustering of participants within
group, the time period (7, 30, or 60 days post quit date), and
three participant-level covariates that the literature has identified
as relating to abstinence success: education [25-28], gender
[26,29], and baseline cigarettes per day [27,30,31]. We used
similar models to assess the group effects on tweeting.

Additional models using GEE were run to assess how tweet
volume, tweet content, and nicotine patch use related to
abstinence status over time, after accounting for the effects of
group, participants clustered within group, time period, and the
three participant-level covariates. Separate models were
estimated for total tweets, automessage-generated tweets,
spontaneous tweets, each of the nine most common tweet types
based on total tweets, and nicotine patch use. Abstinence at 7,
30, and 60 days post quit date was modeled as a function of the
number of tweets of each type during the applicable time period
(0-7 days, 8-30 days, and 31-60 days, respectively); thus, we
used only the 2460 total tweets sent through day 60, which

included 2023 spontaneous tweets (82.24%) and 437
automessage-generated tweets (17.76%).

Results

Participant Screening
Of the 813 smokers who completed the brief application form
in response to our Google ads, 106 (13.0%) went on to complete
the screening survey, and 45 of those (42.5%) met the eligibility
criteria. The first 40 were chosen, and the other 5 were
waitlisted. Ineligibility mostly occurred due to failure to
complete the screening survey (21%), less than daily Facebook
use (21%, Group 2), a phone that lacked Internet access (19%),
lack of an unlimited texting plan (12%), smoking fewer than 5
cigarettes per day (12%), or texting less than weekly (10%).
The eligibility rate was unrelated to gender or age but was higher
for Caucasians (47%) than African Americans and Asian
Americans (28%) and no Hispanics took the screener in this
developmental trial.

Participant Demographics and Smoking Histories
Participants averaged 36.5 years of age (SD 9.5, range 20-57),
were 60% female, 95% Caucasian, 58% married or partnered,
and 43% with a college degree. On average at baseline,
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participants smoked 15.5 cigarettes per day, had smoked for 18
years, and had a Fagerstrom nicotine dependency score of 4.9
indicating medium dependency [37]. The groups did not differ
on any of these baseline variables (P=.187 to P=.667) except
that Group 1 smoked marginally more cigarettes per day at
baseline than Group 2 (mean 18.0 versus 13.0, P=.086), and
thus cigarettes per day was included as a participant-level
covariate in all models.

Abstinence by Group
At 7, 30, and 60 days post quit date, Group 1’s abstinence rates
were 50%, 57%, and 42% respectively; while Group 2’s
abstinence rates were 21%, 61%, and 75% (P=.813). At the
same time points, Group 1’s nicotine patch use rates were 67%,
50%, and 50% respectively, while Group 2’s use rates were
significantly higher at 82%, 100%, and 42% (P=.019). In sum,
the groups did not differ significantly on abstinence; however,
Group 2 participants were more likely to use the study-provided
nicotine patches.

Tweeting by Group
Across the two groups, the total tweet volume was 2867 or an
average of 72 tweets per group member; also 78% of the group
members tweeted at least once. Automessages generated 22.78%
(653) of the tweets, while the remaining 77.22% (2214) of the
tweets were spontaneous. Figures 1 and 2 show tweeting volume
and duration by group and participant.

Group 1 sent 1125 total tweets or an average of 56 tweets per
member, while Group 2 sent 1742 total tweets or an average of
87 tweets per member (P=.355). Also 70% of Group 1 members
and 85% of Group 2 members tweeted at last once (P=.121),
and 45% of Group 1 members and 75% of Group 2 members
continued tweeting past 30 days (P=.144). The groups differed
significantly only in terms of their responses to the intervention
automessages. Group 1 sent 51 automessage-generated responses
or an average of 2.6 per member, while Group 2 sent 602
automessage-generated responses or an average of 30.1 per
member (P<.001). This indicates that the developmental
improvements made to the automessaging for Group 2 may
have helped to increase responding to the automessaging.

The groups were also compared on whether they showed spikes
in tweeting that corresponded to the times when they were sent
automessages and/or autofeedback (Figures 3 and 4). Group 1
members were sent automessages at 12 a.m. (midnight) Pacific,
and autofeedback at 9 a.m. Pacific via Twitter, and they showed
no time-related tweet spikes. In contrast, Group 2 members
were sent automessages at 5 p.m. Pacific so that they could
immediately respond, and they were sent autofeedback at 9 a.m.
Pacific via text with no Twitter login required. Correspondingly,
Group 2 showed tweet spikes after they were sent autofeedback
and more markedly after they were sent automessages
suggesting discussion topics.

Figure 1. Tweeting volume and duration in Group 1.
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Figure 2. Tweeting volume and duration in Group 2.

Figure 3. Tweeting by time of day in Group 1.

Figure 4. Tweeting by time of day in Group 2.
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Content of Automessages and Automessage-Generated
Responses
The automessages and automessage-generated responses were
significantly correlated in terms of their content (r=.75, P=.012;
Table 1). Looking at the automessage-generated responses,
participants primarily shared smoking histories or other personal
information (38%), identified rewards for quitting (18%),
identified roadblocks to quitting (8%), or expressed confidence
about quitting (6%). Also 11% of the automessage-generated
responses discussed the intervention because so prompted.

Of the tweets that were coded as automessage-generated due to
their timing, 6% provided questionable information about
quitting (ie, non–evidence-based) and 5% asserted abstinence.
This content was not prompted. Most of the questionable
information about quitting mentioned using marijuana,
e-cigarettes, candy, or food as a substitute for smoking rather
than evidence-based substitutes such as exercise or relaxation.

Content of Total Tweets
Total tweets and spontaneous tweets were highly correlated in
terms of their content (r=.94, P<.001), that is, in terms of the
number of tweets corresponding to each content code. Total
tweets and automessage-generated tweets were less correlated
(r=.57, P=.083), and spontaneous tweets and
automessage-generated tweets were least correlated (r=.27,
P=.444). Also, total tweets in Group 1 and Group 2 were highly
correlated (r=.96, P<.001).

Prevalent content in the total tweets (Table 2) included sharing
smoking histories or other personal information (24%),
expressing emotional support for quitting (22%), asserting
abstinence (12%), identifying roadblocks to quitting (10%),
identifying rewards for quitting (8%), sharing questionable
information about quitting (6%), or setting a quit date or using
nicotine patches (4%). In effect, about 172 of the 2867 tweets
contained questionable information about quitting (6.00%).

Relationships Between Tweeting and Abstinence
In the models relating tweeting to abstinence, there were no
group effects (Ps>.420), but on the participant-level covariates,
men were more likely to be abstinent (Ps<.014). However, tests
of treatment engagement by gender were all nonsignificant:
men were not more likely than women to tweet, to tweet more,
or to use the nicotine patch (Ps>.500).

Abstinence related only marginally to overall tweet volume
(OR 1.03, P=.086). Associations between abstinence and
spontaneous tweet volume (OR 1.03, SE 0.02, P=.108) and
automessage-generated tweet volume (OR 1.09, SE 0.08,
P=.230) were not significant. Abstinence, however, was
significantly related to sending tweets with this specific content
(Table 2): assertions of abstinence (OR 1.17, SE 0.09, P=.031),
setting of a quit date or use of nicotine patches (OR 1.52, SE
0.28, P=.024), countering of roadblocks to quitting (OR 1.76,
SE 0.37, P=.008), and expressions of confidence about quitting
(OR 1.71, SE 0.42, P=.032). Sending tweets about identifying
rewards for quitting related only marginally to abstinence (OR
1.26, SE 0.16, P=.065).

Sending tweets with the following content did not relate to
abstinence: sharing of smoking histories or other personal
information (OR 1.08, SE 0.07, P=.237), expressions of
emotional support for quitting (OR 1.04, SE 0.03, P=.156),
identification of roadblocks to quitting (OR 1.02, SE 0.08,
P=.754), or sharing of questionable information about quitting
that was non–evidence-based (OR 1.12, SE 0.11, P=.278).
Finally, nicotine patch use was unrelated to abstinence (OR
1.33, SE 0.66, P=.560).

Discussion

Principal Findings
In this developmental trial, we studied a novel, low-cost, fully
automated social media-based smoking cessation intervention
called Tweet2Quit. The intervention contained these
components: smokers who were ready to quit were recruited
online; they were placed in 100-day, 20-person, peer-to-peer
Twitter support groups that were autonomous with no expert
monitor; they were given free nicotine patches; and they were
sent daily automessages suggesting discussion topics for
tweeting and daily autofeedback on their prior day tweeting.
This hybrid intervention combined the traditional social media
approach of spontaneous, real-time, peer-to-peer social support
with daily automessages that encouraged discussions consistent
with guidelines for smoking cessation [12,13] and online
community building [3,4].

Our first specific study aim was to explore if the automessages
encouraged engagement and the findings look promising.
Overall engagement in the intervention was high with 78% of
the group members sending at least one tweet and each member
sending an average of 72 tweets. Also 23% of the tweets were
in response to the intervention’s automessages. Furthermore,
when we improved the automessaging for Group 2 participants
by increasing its frequency and improving its timing,
automessage-generated responses rose significantly and we
observed tweeting spikes corresponding to when the
automessages were delivered. Moreover, the content of the
automessages correlated with the content of the
automessage-generated responses, indicating that the
automessages largely produced the desired content. However,
a randomized controlled trial is needed to study intervention
efficacy.

Our second specific study aim was to assess whether overall
engagement with the intervention or specific types of
engagement were associated with abstinence. We found that
the volume of overall tweets was only marginally related to the
tweeter’s abstinence. However, the following specific types of
tweets related significantly to the tweeter’s abstinence:
countering of roadblocks to quitting, setting of a quit date or
use of nicotine patches, expressions of confidence about quitting,
and assertions of abstinence. Also identification of rewards for
quitting was marginally related to abstinence.

Due to the correlational nature of our research, we cannot
ascertain if specific types of tweets promoted abstinence;
instead, perhaps abstinence elicited the tweeting. Nevertheless,
it appears that automessages sent to online quit-smoking groups
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should try to encourage thinking and discussions on setting quit
dates, using nicotine patches, countering roadblocks to quitting,
building confidence about quitting, and identifying rewards for
quitting. In our study, tweets that merely identified roadblocks
to quitting were unrelated to abstinence, so it seems
automessages should encourage participants to identify and
counter roadblocks simultaneously.

In our study, expressions of emotional support for quitting (eg,
“we can do this”) and the sharing of smoking histories or other
personal information were unrelated to the tweeter’s abstinence;
yet, these tweets may have promoted online community building
[3,4]. Finally, we found that tweets conveying questionable or
non-evidence-based information about quitting, for example,
use of marijuana, e-cigarettes, or candy as substitutes for
cigarettes, were in the minority (6%). Furthermore, these tweets
were unrelated to the tweeter’s abstinence. Consistent with prior
tobacco treatment studies [26,29], men were found to have
higher rates of abstinence than women, and this appeared
unrelated to treatment engagement. More research is needed to
better understand gender differences in success with quitting
smoking.

Strengths and Limitations
This development trial was an important first step in exploring
the utility of Twitter-based social support groups combined with

automessages to promote smoking cessation. Limited by the
nonrandomized treatment-only design, a randomized controlled
trial is now needed. Also, our sample was small and primarily
Caucasian. Although recruitment via Google was broad-based,
offering nicotine patches as an incentive may have been more
attractive to non-Hispanic Caucasian smokers given research
that minorities are less likely to use patches [38,39]. Future
research should test other approaches for engaging a more
diverse group of smokers. Another study limitation was the
reliance on self-reported abstinence, and so future research
should test for bioconfirmation of abstinence, although the
demand characteristics for false reporting of abstinence were
likely low in our study due to the anonymity in the groups. Last,
there were correlations among tweets addressing different
content, making it difficult to fully assess the unique relationship
between each content and abstinence.

Conclusions
We have developed a hybrid social media–based smoking
cessation intervention called Tweet2Quit that combines
traditional real-time, peer-to-peer social support and nicotine
patch with daily automessages and autofeedback. Engagement
was high and the automessages helped ensure that the
peer-to-peer discussions were consistent with guidelines for
smoking cessation and building online communities. Hence,
this novel intervention should be studied further.

Acknowledgments
The authors thank Doug Calder and Howard Liu for their research assistance and the Bonnie J. Addario Lung Cancer Foundation
for its support.

This research was supported by an Innovation Grant from the National Institute on Drug Abuse R34 DA030538 and P50 DA09253
and R01 MH083684 from the National Institute of Mental Health. The content is solely the responsibility of the authors and does
not necessarily represent the official views of the National Institutes of Health.

Conflicts of Interest
None declared.

References

1. Baumann P. PhilBaumann.com. 2009. 140 health care uses for Twitter URL: http://philbaumann.com/
140-health-care-uses-for-twitter/ [accessed 2015-02-13] [WebCite Cache ID 6WJdCCbxc]

2. Duggan M, Smith A. 42% of online adults use multiple social networking sites, but Facebook remains the platform of
choice December 30. 2013 Dec 30. URL: http://www.pewinternet.org/files/2014/01/Social_Networking_2013.pdf [accessed
2015-02-13] [WebCite Cache ID 6WJdqqWW3]

3. Gruzd A, Wellman B, Takhteyev Y. Imagining Twitter as an imagined community. American Behavioral Scientist
2011;55(10):1294-1318. [doi: 10.1177/0002764211409378]

4. Gruzd A, Haythornthwaite C. Enabling community through social media. J Med Internet Res 2013;15(10):e248 [FREE
Full text] [doi: 10.2196/jmir.2796] [Medline: 24176835]

5. Danaher BG, Boles SM, Akers L, Gordon JS, Severson HH. Defining participant exposure measures in Web-based health
behavior change programs. J Med Internet Res 2006;8(3):e15 [FREE Full text] [doi: 10.2196/jmir.8.3.e15] [Medline:
16954125]

6. Eysenbach G, Powell J, Englesakis M, Rizo C, Stern A. Health related virtual communities and electronic support groups:
systematic review of the effects of online peer to peer interactions. BMJ 2004 May 15;328(7449):1166 [FREE Full text]
[doi: 10.1136/bmj.328.7449.1166] [Medline: 15142921]

7. Poirier J, Cobb NK. Social influence as a driver of engagement in a web-based health intervention. J Med Internet Res
2012;14(1):e36 [FREE Full text] [doi: 10.2196/jmir.1957] [Medline: 22356829]

8. Eysenbach G. The law of attrition. J Med Internet Res 2005;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11] [Medline:
15829473]

J Med Internet Res 2015 | vol. 17 | iss. 2 | e50 | p. 10http://www.jmir.org/2015/2/e50/
(page number not for citation purposes)

Pechmann et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://philbaumann.com/140-health-care-uses-for-twitter/
http://philbaumann.com/140-health-care-uses-for-twitter/
http://www.webcitation.org/

                                                6WJdCCbxc
http://www.pewinternet.org/files/2014/01/Social_Networking_2013.pdf
http://www.webcitation.org/

                                                6WJdqqWW3
http://dx.doi.org/10.1177/0002764211409378
http://www.jmir.org/2013/10/e248/
http://www.jmir.org/2013/10/e248/
http://dx.doi.org/10.2196/jmir.2796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24176835&dopt=Abstract
http://www.jmir.org/2006/3/e15/
http://dx.doi.org/10.2196/jmir.8.3.e15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16954125&dopt=Abstract
http://europepmc.org/abstract/MED/15142921
http://dx.doi.org/10.1136/bmj.328.7449.1166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15142921&dopt=Abstract
http://www.jmir.org/2012/1/e36/
http://dx.doi.org/10.2196/jmir.1957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22356829&dopt=Abstract
http://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Stoddard JL, Augustson EM, Moser RP. Effect of adding a virtual community (bulletin board) to smokefree.gov: randomized
controlled trial. J Med Internet Res 2008;10(5):e53 [FREE Full text] [doi: 10.2196/jmir.1124] [Medline: 19097974]

10. Richardson A, Graham AL, Cobb N, Xiao H, Mushro A, Abrams D, et al. Engagement promotes abstinence in a web-based
cessation intervention: cohort study. J Med Internet Res 2013;15(1):e14 [FREE Full text] [doi: 10.2196/jmir.2277] [Medline:
23353649]

11. An LC, Schillo BA, Saul JE, Wendling AH, Klatt CM, Berg CJ, et al. Utilization of smoking cessation informational,
interactive, and online community resources as predictors of abstinence: cohort study. J Med Internet Res 2008;10(5):e55
[FREE Full text] [doi: 10.2196/jmir.1018] [Medline: 19103587]

12. Anderson JE, Jorenby DE, Scott WJ, Fiore MC. Treating tobacco use and dependence: an evidence-based clinical practice
guideline for tobacco cessation. Chest 2002 Mar;121(3):932-941. [Medline: 11888979]

13. Fiore MC. Public Health Service.: US Department of Health and Human Services; 2008. Treating tobacco use and dependence:
2008 update URL: http://www.ahrq.gov/professionals/clinicians-providers/guidelines-recommendations/tobacco/clinicians/
update/treating_tobacco_use08.pdf [accessed 2015-02-13] [WebCite Cache ID 6WJeshaI8]

14. Prochaska JJ, Pechmann C, Kim R, Leonhardt JM. Twitter=quitter? An analysis of Twitter quit smoking social networks.
Tob Control 2012 Jul;21(4):447-449 [FREE Full text] [doi: 10.1136/tc.2010.042507] [Medline: 21730101]

15. Myslín M, Zhu SH, Chapman W, Conway M. Using twitter to examine smoking behavior and perceptions of emerging
tobacco products. J Med Internet Res 2013;15(8):e174 [FREE Full text] [doi: 10.2196/jmir.2534] [Medline: 23989137]

16. Free C, Whittaker R, Knight R, Abramsky T, Rodgers A, Roberts IG. Txt2stop: a pilot randomised controlled trial of mobile
phone-based smoking cessation support. Tob Control 2009 Apr;18(2):88-91. [doi: 10.1136/tc.2008.026146] [Medline:
19318534]

17. Brendryen H, Kraft P. Happy ending: A randomized controlled trial of a digital multi-media smoking cessation intervention.
Addiction 2008;103(3):478-484.

18. Fjeldsoe BS, Marshall AL, Miller YD. Behavior change interventions delivered by mobile telephone short-message service.
Am J Prev Med 2009 Feb;36(2):165-173. [doi: 10.1016/j.amepre.2008.09.040] [Medline: 19135907]

19. Free C, Knight R, Robertson S, Whittaker R, Edwards P, Zhou W, et al. Smoking cessation support delivered via mobile
phone text messaging (txt2stop): a single-blind, randomised trial. Lancet 2011 Jul 2;378(9785):49-55 [FREE Full text]
[doi: 10.1016/S0140-6736(11)60701-0] [Medline: 21722952]

20. Lenert L, Muñoz RF, Perez JE, Bansod A. Automated e-mail messaging as a tool for improving quit rates in an internet
smoking cessation intervention. J Am Med Inform Assoc 2004;11(4):235-240 [FREE Full text] [doi: 10.1197/jamia.M1464]
[Medline: 15064291]

21. Kong G, Ells D, Camenga DR, Krishnan-Sarin S. Text messaging-based smoking cessation intervention: A narrative review.
Addictive Behaviors 2014;39(5):907-917.

22. Rounsaville BJ, Carroll KM, Onken LS. A stage model of behavioral therapies research: Getting started and moving on
from stage I. Clinical Psychology: Science and Practice 2001;8(2):133-142. [doi: 10.1093/clipsy.8.2.133]

23. Dallery J, Cassidy RN, Raiff BR. Single-case experimental designs to evaluate novel technology-based health interventions.
J Med Internet Res 2013;15(2):e22 [FREE Full text] [doi: 10.2196/jmir.2227] [Medline: 23399668]

24. Baker TB, Gustafson DH, Shah D. How can research keep up with eHealth? Ten strategies for increasing the timeliness
and usefulness of eHealth research. J Med Internet Res 2014;16(2):e36 [FREE Full text] [doi: 10.2196/jmir.2925] [Medline:
24554442]

25. Reid JL, Hammond D, Boudreau C, Fong GT, Siahpush M, Collaboration ITC. Socioeconomic disparities in quit intentions,
quit attempts, and smoking abstinence among smokers in four western countries: findings from the International Tobacco
Control Four Country Survey. Nicotine Tob Res 2010 Oct;12 Suppl:S20-S33 [FREE Full text] [doi: 10.1093/ntr/ntq051]
[Medline: 20889477]

26. Piper ME, Cook JW, Schlam TR, Jorenby DE, Smith SS, Bolt DM, et al. Gender, race, and education differences in
abstinence rates among participants in two randomized smoking cessation trials. Nicotine Tob Res 2010 Jun;12(6):647-657
[FREE Full text] [doi: 10.1093/ntr/ntq067] [Medline: 20439385]

27. Broms U, Silventoinen K, Lahelma E, Koskenvuo M, Kaprio J. Smoking cessation by socioeconomic status and marital
status: The contribution of smoking behavior and family background. Nicotine & Tobacco Research 2004;6(3):447-455.
[Medline: 13379754]

28. Wetter DW, Cofta-Gunn L, Fouladi RT, Irvin JE, Daza P, Mazas C, et al. Understanding the associations among education,
employment characteristics, and smoking. Addict Behav 2005 Jun;30(5):905-914. [doi: 10.1016/j.addbeh.2004.09.006]
[Medline: 15893088]

29. Perkins KA, Scott J. Sex differences in long-term smoking cessation rates due to nicotine patch. Nicotine Tob Res 2008
Jul;10(7):1245-1250. [doi: 10.1080/14622200802097506] [Medline: 18629735]

30. Breslau N, Johnson EO. Predicting smoking cessation and major depression in nicotine-dependent smokers. American
Journal of Public Health 2000;90(7):1122-1127. [doi: 10.2105/AJPH.90.7.1122PMID:]

31. Chandola T, Head J, Bartley M. Socio-demographic predictors of quitting smoking: how important are household factors?
Addiction 2004 Jun;99(6):770-777. [doi: 10.1111/j.1360-0443.2004.00756.x] [Medline: 15139875]

J Med Internet Res 2015 | vol. 17 | iss. 2 | e50 | p. 11http://www.jmir.org/2015/2/e50/
(page number not for citation purposes)

Pechmann et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.jmir.org/2008/5/e53/
http://dx.doi.org/10.2196/jmir.1124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19097974&dopt=Abstract
http://www.jmir.org/2013/1/e14/
http://dx.doi.org/10.2196/jmir.2277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23353649&dopt=Abstract
http://www.jmir.org/2008/5/e55/
http://dx.doi.org/10.2196/jmir.1018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19103587&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11888979&dopt=Abstract
http://www.ahrq.gov/professionals/clinicians-providers/guidelines-recommendations/tobacco/clinicians/update/treating_tobacco_use08.pdf
http://www.ahrq.gov/professionals/clinicians-providers/guidelines-recommendations/tobacco/clinicians/update/treating_tobacco_use08.pdf
http://www.webcitation.org/

                                                6WJeshaI8
http://europepmc.org/abstract/MED/21730101
http://dx.doi.org/10.1136/tc.2010.042507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21730101&dopt=Abstract
http://www.jmir.org/2013/8/e174/
http://dx.doi.org/10.2196/jmir.2534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23989137&dopt=Abstract
http://dx.doi.org/10.1136/tc.2008.026146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19318534&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2008.09.040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19135907&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S0140-6736(11)60701-0
http://dx.doi.org/10.1016/S0140-6736(11)60701-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21722952&dopt=Abstract
http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=15064291
http://dx.doi.org/10.1197/jamia.M1464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15064291&dopt=Abstract
http://dx.doi.org/10.1093/clipsy.8.2.133
http://www.jmir.org/2013/2/e22/
http://dx.doi.org/10.2196/jmir.2227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23399668&dopt=Abstract
http://www.jmir.org/2014/2/e36/
http://dx.doi.org/10.2196/jmir.2925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24554442&dopt=Abstract
http://europepmc.org/abstract/MED/20889477
http://dx.doi.org/10.1093/ntr/ntq051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20889477&dopt=Abstract
http://europepmc.org/abstract/MED/20439385
http://dx.doi.org/10.1093/ntr/ntq067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20439385&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13379754&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2004.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15893088&dopt=Abstract
http://dx.doi.org/10.1080/14622200802097506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18629735&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.90.7.1122PMID:
http://dx.doi.org/10.1111/j.1360-0443.2004.00756.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15139875&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Shi X, Adamic LA, Strauss MJ. Networks of strong ties. Physica A: Statistical Mechanics and its Applications 2007
May;378(1):33-47. [doi: 10.1016/j.physa.2006.11.072]

33. Xiao Z, Guo L, Tracey J. Understanding instant messaging traffic characteristics. : IEEE; 2007 Jun Presented at: Distributed
Computing Systems; 2007; Toronto, Canada p. 1-8.

34. Trusov M, Bodapati A, Bucklin RE. Determining Influential Users in Internet Social Networks. Journal of Marketing
Research 2010 Aug;47(4):643-658. [doi: 10.1509/jmkr.47.4.643]

35. Dhar R, Wertenbroch K. Consumer choice between hedonic and utilitarian goods. Journal of Marketing Research
2000;37(1):60-71.

36. Park CW, Eisingerich AB, Park JW. Attachment-aversion (AA) model of customer-brand relationships. Journal of Consumer
Psychology 2013;23(2):229-248.

37. Heatherton TF, Kozlowski LT, Frecker RC, Fagerström K. The Fagerström Test for Nicotine Dependence: a revision of
the Fagerström Tolerance Questionnaire. Br J Addict 1991 Sep;86(9):1119-1127. [Medline: 1932883]

38. Fu SS, Kodl MM, Joseph AM, Hatsukami DK, Johnson EO, Breslau N, et al. Racial/Ethnic Disparities in the Use of Nicotine
Replacement Therapy and Quit Ratios in Lifetime Smokers Ages 25 to 44 Years. Cancer Epidemiology Biomarkers &
Prevention 2008 Jul 01;17(7):1640-1647. [doi: 10.1158/1055-9965.epi-07-2726]

39. Fu SS, Sherman SE, Yano EM, van Ryn M, Lanto AB, Joseph AM. Ethnic disparities in the use of nicotine replacement
therapy for smoking cessation in an equal access health care system. Am J Health Promot 2005;20(2):108-116. [Medline:
16295702]

Edited by G Eysenbach; submitted 09.08.14; peer-reviewed by J Choi, J Duke; comments to author 06.11.14; revised version received
10.12.14; accepted 21.01.15; published 23.02.15

Please cite as:
Pechmann C, Pan L, Delucchi K, Lakon CM, Prochaska JJ
Development of a Twitter-Based Intervention for Smoking Cessation that Encourages High-Quality Social Media Interactions via
Automessages
J Med Internet Res 2015;17(2):e50
URL: http://www.jmir.org/2015/2/e50/
doi: 10.2196/jmir.3772
PMID: 25707037

©Cornelia Pechmann, Li Pan, Kevin Delucchi, Cynthia M Lakon, Judith J Prochaska. Originally published in the Journal of
Medical Internet Research (http://www.jmir.org), 23.02.2015. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet Research, is
properly cited. The complete bibliographic information, a link to the original publication on http://www.jmir.org/, as well as this
copyright and license information must be included.

J Med Internet Res 2015 | vol. 17 | iss. 2 | e50 | p. 12http://www.jmir.org/2015/2/e50/
(page number not for citation purposes)

Pechmann et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.physa.2006.11.072
http://dx.doi.org/10.1509/jmkr.47.4.643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1932883&dopt=Abstract
http://dx.doi.org/10.1158/1055-9965.epi-07-2726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16295702&dopt=Abstract
http://www.jmir.org/2015/2/e50/
http://dx.doi.org/10.2196/jmir.3772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25707037&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

