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Abstract
Psychosocial treatments for methamphetamine dependence are of limited effectiveness. Thus, a
significant need exists for add-on therapy for this substance user disorder. The aim of this study
was to develop and test a novel text messaging intervention for use as an adjunct to cognitive
behavioral group therapy for methamphetamine users. Text messaging has the potential to support
patients in real-time, around the clock. We convened 2 meetings of an expert panel, held 3 focus
groups in current and former users, and conducted 15 semi-structured interviews with in-treatment
users in order to develop a fully-automated, cognitive behavioral therapy-based text messaging
intervention. We then conducted a randomized, crossover pre-test in 5 users seeking treatment.
Participants’ ratings of ease of use and functionality of the system were high. During the pre-test
we performed real-time assessments via text messaging on daily methamphetamine use, craving
levels, and the perceived usefulness of messages; 79% of scheduled assessments were collected.
The odds of messages being rated as “very” or “extremely” useful were 6.6 times [95% CI: 2.2,
19.4] higher in the active vs. placebo periods. The intervention is now ready for testing in
randomized clinical trials.
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INTRODUCTION
Methamphetamine (MA) dependence is endemic worldwide and results in serious public
health consequences, including cognitive deficits, increased risk of HIV infection,
psychiatric illnesses, and elevated risk of cardiac pathology (Salo et al. 2011; Gonzales,
Mooney & Rawson 2010; Brecht et al. 2004; Kalechstein, Newton & Green 2003). The
economic impact of MA in 2005, in terms of lost productivity, environmental damage, law
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enforcement, and health care expenses was estimated to be over $23 billion in the US alone
(Rand Corporation 2009).

Group cognitive behavioral therapy (CBT) (Stalcup et al. 2006; Galloway et al. 2000),
among other psychosocial treatments, has been shown to improve outcomes in MA
dependence (Rawson et al. 2004). However, the effectiveness of these approaches is limited,
and patients treated for MA dependence have a high rate of relapse (Rawson et al. 2004).
Despite many clinical trials dating back to the 1990s (Galloway et al. 1994), there are no
approved medications for MA dependence (Heinzerling et al. 2010; Elkashef et al. 2008;
Shoptaw et al. 2008). Thus, a significant need exists for add-on therapy for this substance
use disorder.

Outpatient therapy is a more affordable approach than inpatient or residential treatment, but
one tradeoff is that support is generally only available for a limited number of hours each
day in the outpatient setting. Text messaging has the potential to serve as a real-time
adjunctive therapy to outpatient group CBT, when patients are not in the clinic, and craving
and risk of use may be high.

CBT relies on a learning component, and even for healthy individuals, repetition of
information can improve retention. Methamphetamine users may have significant
impairment in a number of neuropsychological domains, including amplified delay
discounting, in which users prefer immediate, smaller rewards to delayed larger rewards
(Fernandez-Serrano, Perez-Garcia & Verdejo-Garcia 2011; Hoffman et al. 2006);
prospective memory (Weinborn et al. 2011); and decision making (Fernandez-Serrano,
Perez-Garcia & Verdejo-Garcia 2011; Paulus et al. 2002; Bechara et al. 2001; Rogers et al.
1999). Drug craving itself can further reduce effective use of CBT concepts, as it suppresses
forebrain executive functions (Volkow, Fowler & Wang 2003; Bechara & Damasio 2002;
Goldstein & Volkow 2002). Text messages sent in real-time could help to compensate for
these deficits by, for example, reminding patients of what they have learned in therapy
sessions or of negative consequences of using.

Seventy-two percent of cellular phone users send and receive text messages (Purcell et al.
2010). The low cost (Kreps & Neuhauser 2010) and broad adoption of texting have led to
rapid development as a health education tool and adjunct to healthcare (Cole-Lewis &
Kershaw 2010; Krishna, Boren & Balas 2009; Patrick et al. 2008; Franklin et al. 2006).
Patients view texting as easy and confidential (Obermayer et al. 2004; Collins, Kashdan &
Gollnisch 2003).

Fully-automated text messaging, if efficacious, would make an inexpensive adjunctive
treatment that could be scaled up for use in a large number of MA users.

Previous Studies of Text Messaging for Addiction
Reback et al (2012) conducted a two-week, non-controlled pilot study of an intervention
designed to reduce high-risk sexual behaviors and MA use among out-of-treatment men who
have sex with men (N=52) (Reback et al. 2012). Messages were sent by research staff
manually. MA use outcomes were evaluated at 2-month follow-up (n=48) and compared to
the previous 2 months at baseline. Significant decreases in frequency of MA use (p<.01) and
unprotected sex while using MA (20.9% vs. 44.2%, p<.01) and a significant increase in MA
abstinence based on self-report (13.3% vs. 48.9%, p<.001) and length of time since last use
(p<.01) were seen at follow-up.

Eleven randomized controlled trials (RCTs) incorporating text messaging as a component of
the intervention for tobacco smoking cessation have been conducted, most in smokers
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willing to make a quit attempt. Five of these studies (Free et al. 2011; Brendryen, Kraft &
Schaalma 2010; Free et al. 2009; Brendryen, Drozd & Kraft 2008; Rodgers et al. 2005)
showed significantly higher smoking cessation rates in the active vs. control groups. The
other 6 studies, some of which showed trends in favor of the active groups, likely did not
have sufficient power (Borland, Balmford & Benda 2013; Ybarra et al. 2013; Naughton et
al. 2012; Ybarra et al. 2012; Whittaker et al. 2011; Haug et al. 2009). Aggregate sample size
was over 11,000 participants. In all 11 studies, text messaging was fully automated (i.e., sent
by a computer). Four studies have demonstrated the feasibility and acceptability of
interventions that include a text messaging-based component and are aimed at the reduction
of alcohol use (Agyapong et al. 2012; Irvine et al. 2012; McTavish et al. 2012; Suffoletto et
al. 2012).

METHODS
This was a single-center study conducted at New Leaf Treatment Center (NLTC), a licensed
outpatient addiction treatment facility in Lafayette, California. Institutional Review Boards
approved the semi-structured interviews, focus groups, and pre-test and provided oversight
of the study. Participants provided informed consent prior to initiation of study procedures.

Confidentiality was a concern with this study, since we were collecting data on illicit drug
use. Several steps were implemented to protect patients. We asked participants at screening
to password protect their phones, and they had to agree via text message to receive
additional messages. In addition, we did not explicitly mention MA in any of the texts,
reference to participants’ names in the texts was optional, and data used to personalize test
messages were stored on a password-protected server.

Development of Text Messages
We created a CBT-based text messaging intervention to be used in conjunction with
NLTC’s standard CBT group therapy, the Craving Identification and Management Model
(CIM)(Stalcup et al. 2006). CIM is based on standard CBT principles, with a focus on
craving, which we have demonstrated to be predictive of MA use (Galloway, Singleton &
The Methamphetamine Treatment Project Corporate Authors 2009; Hartz, Frederick-
Osborne & Galloway 2001). Patients are directed to quantify their craving level and, if it is
elevated, to identify causes of that elevation, e.g., stress, withdrawal, environmental cues,
and increased symptoms of anxiety or depression. Cognitive and behavioral interventions
are then suggested to terminate or ameliorate causes of craving, or, if that is not possible, to
directly reduce craving (Stalcup et al. 2006). CIM has been shown to have comparable
efficacy to the Matrix Model, a prototype for CBT-based therapy in this population (Rawson
et al. 2004).

To develop the text messages, we convened 2 meetings of an expert panel and held 3 focus
groups (mean n=5 per group) with current and former MA users ≥ 18 years in October and
November 2011. We also incorporated findings from 15 semi-structured interviews of MA
users ≥ 18 years which occurred in October-December 2011. In order to derive new
messages, focus group participants and interviewees were asked open-ended questions about
what types of messages might help reduce their craving and/or use of MA. Additionally,
focus group participants provided input on messages previously developed by the expert
panel. Participants were asked about the utility of personalizing messages on the basis of a
screening interview, whether any of the messages could be triggering (i.e., induce craving),
and which messages they thought would be most useful, and why.
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We also created placebo messages, which were capitals of countries (e.g., “Paris is the
capital of France”). The intervention was designed to be fully automated (i.e., sent by a
computer), so as to be cost effective and to limit the need for staff resources.

Pre-test
To test procedures and methods, a 23-day pre-test was performed in 5 MA users seeking
treatment. Participants were randomized over a 40-day period in April-May 2012 and were
required to use their own cellular phones and to have an unlimited text messaging plan. We
required that they be experiencing high levels of craving for MA, as defined by having at
least 1 time per week in the last 2 weeks in which craving were 3 or higher on a scale of 0–
10, where 0 is “no craving” and 10 is “most craving ever experienced for MA.” We
collected demographic and cellular telephone use data at baseline via semi-structured
interviews.

Messages were personalized on the basis of a screening interview. For example, only
participants who indicated they had a 12-step sponsor would be asked to call their sponsor,
whereas the intervention of reminding participants that cravings are transient would be
delivered to all participants. Text messages were sent at random times 4 times throughout
the day on Day 1 (these intervention messages were “pushed”) in a 12-hour period that
participants had pre-specified. Participants were also requested to “pull” messages at any
time by texting the word “crave” to the system when they were craving MA.

At the end of Day 1, participants were invited via text message to continue for the balance of
the trial if they had demonstrated adherence by responding to at least 3 out of 4 requests to
rate the utility of the “pushed” messages. If they further demonstrated adherence by
responding within 60 minutes that they wanted to continue, they were randomized to either
one week of active text messages followed by one week of placebo text messages or vice
versa (there was a one-week washout period when no text messages were received between
the active and placebo periods in order to minimize the possibility of carryover effects)
(Figure 1). Participants continued to receive 4 “pushed” messages per day and were also
able to “pull” messages on Days 2–8 and Days 16–22. Participants attended group therapy 3
times per week for 3 weeks between Days 2–23.

Measurements collected via text message included the following: 60 minutes after each
message, participants were instructed to rate on a Likert scale (1= not at all, 2=slightly,
3=moderately, 4=very, 5=extremely) how useful the intervention was. Also, at the end of
each day, participants were asked whether they used MA in the past 24 hours, as well as
what their peak craving was (on a scale of 0–10, where 0 is “no craving” and 10 is “most
craving ever experienced for MA”) in the past 24 hours.

At follow-up participants were asked open-ended questions about the text messages,
measurement assessments, the software system, and their overall perceived utility of this
intervention. The overall ease of use, acceptability, and effectiveness of the intervention
were assessed with Likert scales.

Analyses
Follow-up Visit Assessments: Number and percent of participants providing each Likert
score were tabulated. For continuous variables, mean (SD) and/or medians were used.
Responses to open-ended questions were summarized.

Text Messaging Assessments: Number of days used in the active vs. placebo groups was
described. Logistic regression was used to assess the odds of messages being rated as “very”
or “extremely” useful (as opposed to “not at all,” “slightly,” or “moderately”) in the active
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vs. placebo groups. Similarly, logistic regression was used to calculate the odds of active
texts being rated as “very” or “extremely” useful in the personalized vs. non-personalized
message groups. Negative binomial regression was used to assess the rate of peak daily
craving in the active vs. placebo groups. With all 3 regressions, data were clustered by
participant ID to account for the repeated measures in the dataset. Sensitivity analyses were
performed in which we removed the participant who discontinued responding to messages
prematurely.

Proportions of missing assessments were specified. In addition, since these regressions
utilize maximum likelihood estimation, variables that could account for data missing at
random in the outcome were considered for addition to the regressions as predictors to help
avoid potential bias in the results (Vittinghoff et al. 2011). Specifically, we evaluated high
baseline MA use (≥ 15 days out of 30), a marker for severity of disease, as well as MA use
that day and the day prior for inclusion as predictors in the models.

Since this was a crossover study, we tested our regressions for period effects (indicating that
responses in the 2nd period were influenced by the first period) and sequence effects
(whether a difference existed based on whether participants had received active or placebo
messages first) by adding these as predictors to our models using a significance cutoff of p<.
10. All data were analyzed using Stata 12SE (StataCorp. 2011).

RESULTS
Final CIM-Based Text Messages

We generated 96 active text messages (Table 1). Focus group participants’ and interviewees’
recommendations for text messages were similar. They gave favorable reviews to those that
were “positive,” affirmative, succinct, and personalized. They advocated including messages
that involved a request to help others, reminders to use concurrent group therapy for support,
or 12-step program sayings. They gave negative feedback on messages seen as too
demanding or “guilt inducing.” Several methods of individualizing messages were
implemented based on participants’ feedback: interviewing participants about their
perceived negative consequences of using MA as well as their reasons for entering
treatment; and tailoring individual messages to participants with children, those who
participate in 12-step program, find exercise helpful, or view prayer as supportive.
Participants agreed there should be two different types of messages, those that were
“pushed” (i.e., initiated by the computer program at random intervals) and those that were
“pulled” (i.e., sent at the request of the participant), and that “pulled” messages should have
a greater focus on reducing acute craving.

Pre-test Findings
We telephone screened 14 potential participants, and 5 (36%) attended onsite screening
visits (see the CONSORT flowchart, Figure 2). All 5 participants met randomization criteria
on Day 1. One randomized participant was arrested and discontinued responding to text
message assessments on Day 5 (during the active phase); however, he did complete a
follow-up visit.

Participants were 80% male, 60% Caucasian, 60% heterosexual, with a mean age of 28.6
(SD 2.1). Median years of education completed was 14. In the 30 days prior to baseline,
participants used MA a mean of 9.3 days (SD 12).

At follow-up, all participants agreed or totally agreed (ratings of 4 or 5 on a 5-point scale)
that the text messaging system was easy to use. Four out of 5 participants agreed or totally
agreed that the system worked well for them to send and receive messages (one participant
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neither agreed nor disagreed, indicating that he did not like the one hour lag between
receiving the intervention and the inquiry about its usefulness). Four out of 5 participants
(80%) “totally agreed” that they understood the instructions presented to them at the
screening visit, while 1 participant “slightly disagreed.”

Three out of 5 participants thought the number of pushed messages sent to them each day
(4) was “just right,” while the other 2 participants thought there were “too many” messages.
When asked about the ideal number of pushed messages per day as a continuous outcome,
the mean was 3 (SD 0.9). Two participants thought the number of hours per day that they
sent and received messages (about 12) was “just right,” while 2 participants thought it was
“too long” and 1 indicated it was “too short.” The median ideal number of hours per day that
participants would have liked to have sent and received messages was 10.

Three out of 5 participants “pulled” messages (8 times total) during the study.

We were able to collect data for 79% of text messaging assessments (79% of usefulness,
83% of daily use and 74% of daily peak craving data). After removing assessments post
discontinuation for the participant who stopped responding after his arrest on Day 5, we
successfully collected 92% of data in both the active and placebo periods. In total, 92% of
usefulness, 97% of daily use and 87% of daily peak craving data were collected. Table 2
provides a detailed breakdown of data collected in the active and placebo phases.

Participants self-reported (via text messaging) using MA 1 time total during the active
period and 2 times total during the placebo period. Given the small sample size (n=5)
included in the pre-test, we did not expect to find significant differences in self-reported use
in the active versus placebo periods. Excluding data because of the participant who was
arrested, self-reported use results did not change. Excluding missing data for this participant,
there were 0 instances of missing drug use data in the active period and 2 instances in the
placebo period; missing data may reflect MA use.

The odds of messages being rated as “very” or “extremely” useful (via text messaging
assessments) were 6.6 times [95% CI: 2.2, 19.4] higher in the active vs. placebo periods
(Table 2). We examined other cut points for this outcome, but this OR was the most
conservative (i.e., lowest). Results of a sensitivity analysis in which we removed the
participant who discontinued responding prematurely yielded a similar odds ratio (OR 7.6,
[95% CI: 2.2, 26.1]). We had speculated missing usefulness ratings might be a function of
use that day or the day prior, but this was not the case, probably because the incidence of
MA use reported was low. However, missing data in this outcome was greater (11% vs. 4%)
in participants with high baseline MA use (≥ 15 days out of 30). We could not incorporate
this dichotomous predictor into our bivariate model (the model would not converge);
however, as a univariate predictor, high baseline use showed odds of messages being rated
as “very” or “extremely” useful that were 8.8 [95% CI: 2.3, 33.9] times higher than in
participants with low baseline use.

Twenty seven percent of active text messages sent had been personalized based upon the
results of screening interviews. The odds of active text messages being rated as “very” or
“extremely” useful were 52% higher with personalized vs. non-personalized messages;
however, this result was not statistically significant (p=.4).

Missing data in the outcome of peak daily craving (assessed via text messaging) was not a
function of use that day or the day prior; however, it was greater (18% vs. 7%) in
participants with high baseline use. Therefore, we added this predictor to our model. Mean
peak daily craving in the placebo period was 3.3 [95% CI: 2.8, 3.8]. Paradoxically, peak
daily craving was 40% [95% CI: 9%, 80%] higher in the active vs. placebo periods. Results
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of a sensitivity analysis in which we removed the participant who discontinued responding
prematurely were marginally lower (peak daily craving was 33% higher [95% CI: 4%, 70%]
in the active period).

No statistically significant period or sequence effects were observed in the regressions.

DISCUSSION
We have developed a reliable, acceptable text messaging system as an adjunct to CBT group
therapy for MA dependence. Our data from 25 semi-structured interviews indicated that
92% of MA users polled owned cellular telephones and, of these, 96% had unlimited texting
plans.

Given we were able to collect 79% of data from text messaging assessments (92% of data
from participants excluding missing data due to one participant’s premature
discontinuation), data collection via this medium is feasible in this population. Although
placebo texts (capitals of countries) are fairly repetitive, the fact that we were able to collect
the same amount of data (92%) in both the active and placebo periods suggests that
participants were not less attentive to them than to CBT-based messages.

At follow-up, participants overall agreed the text messaging system was easy to use and
worked well for them to send and receive messages, and they agreed they had understood
the instructions explained to them at the screening visit. Preliminary results from the follow-
up visit suggest that the ideal number of pushed messages per day is 3–4. When asked about
the ideal number of hours a day to send and receive messages, responses were variable,
some wanting a longer duration and others preferring shorter. While preliminary efficacy
analyses in the 5 pre-test participants showed that the odds of messages being rated as
“very” or “extremely” useful were much higher in the active vs. placebo periods, it is
possible that these findings may be attributable to the unique characteristics of this small
sample.

The finding that peak daily craving was considerably higher in the active vs. placebo periods
may dissipate for the same reasons. Alternatively, it may reflect the fact that CIM-based text
messages are designed to raise awareness of craving levels. While the possibility that CIM-
based messages are triggering exists, daily use data and follow-up interviews did not reflect
this, which is reassuring from a safety perspective.

Limitations to this study include its small sample size, brief duration, and lack of
biochemical verification of MA use. As the workability of the text messaging system and its
acceptability to participants have been established, additional testing of this intervention is
warranted.
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Figure 1.
Pre-test Study Schematic
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Figure 2.
CONSORT Flowchart of Pre-test Participants
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Table 1

Sample “Pushed” and “Pulled” Active Text Messages (96 Total)

PUSHED MESSAGES [71 (74%) Messages*]

 Non-Personalized [45 (63%) Pushed Messages]

1 HUNGRY? Eat something. ANGRY? Go for a walk around the block. LONELY? Go to a meeting or a call a friend. TIRED? It’s
ok to take a nap.

2 You are not alone in your struggles & negative thinking. It will get better; it does get better.

3 Do a small act of kindness for someone today.

4 Reach out - make contact with someone clean & sober whom you haven’t spoken with in a while.

5 What are u struggling with? Ask someone to do 1 specific thing to can help u. Lots of people find it hard 2 ask for favors, but
people are usually happy 2 help!

 Personalized [26 (37%) Pushed Messages]

1 If God brings you TO it, He will bring you THROUGH it. (only if participant finds prayer useful).

2 Isolating is dangerous ground, push forward and go to a meeting instead. (only if 12-stepper)

3 Success is getting up after you fall down (only if participants reported they had recently used)

4 Don’t use -- you don’t want to [insert negative consequence]. (e.g., negative consequence = lose your job)

5 If you stop using, [insert why client wanted to quit using] (e.g., why wanted to quit = your family will be proud).

PULLED MESSAGES [33 (34%) Messages*]

 Non-Personalized [20 (61%) Pulled Messages]

1 Where is your craving score coming from (HALT) & what can you do about it right now?

2 We want u to stay clean and sober. We will discuss your cravings in group & will be able 2 help u if u share your problems there.

3 Remember, it’s not just about self-control. Use the TOOLS you’re learning in group & do one now. If that doesn’t work, try
another tool.

 Personalized [13 (39%) Pulled Messages]

1 Remember, it feels good to share about your cravings; it lessens their power…call [insert name] at [insert number].

2 We want you to stay clean & sober & have the type of relationship you want with [insert kids names].

3 Your sponsor would like to be able to help you right now. Call [insert sponsor name] at [insert sponsor number].

4 We want you to stay clean & out of [insert jail or prison]. (only if participant has been to jail/prison).

*
Eight messages were designed to be both pushed and pulled, so sum of pushed and pulled messages is greater than 96.
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