Mobile Messaging Assisted Treatment (MMAT) for Patients with Methamphetamine Use Disorder: A Preliminary Randomized Controlled Trial

Introduction: 
     Methamphetamine (MA) is a psychostimulant with high abuse potential. It can cause numerous physical and psychological harms (Darke, Kaye, McKetin, & Duflou, 2008). MA can increase dopamine release and block dopamine reuptake, resulting in an increased concentration of dopamine in synaptic clefts, especially in the brain’s reward system. MA-produced neurotoxic effects on monoaminergic neurons may relate to various psychiatric symptoms, such as depression (Glasner-Edwards et al., 2009), psychosis (Grant et al., 2012), and suicidality (Kuo et al., 2011). Furthermore, MA use can also cause serious adverse physical effects, such as the deterioration of oral health (i.e., caries, tooth fracture, gingivitis, and periodontitis) (Padilla & Ritter, 2008), cardiovascular disease (i.e. cardiomyopathy, myocardial ischemia, arrhythmia) (Kaye, McKetin, Duflou, & Darke, 2007), cerebral hemorrhage (McGee, McGee, & McGee, 2004), and blood-borne virus transmission (Gonzales, Marinelli-Casey, Shoptaw, Ang, & Rawson, 2006; R. A. Rawson et al., 2008; Vogt et al., 2006). Chronic MA use can also detrimentally affect other areas of life (e.g., high-risk sexual activity, criminal activity, and decreased academic performance). Additionally, MA use imposes a considerable burden on social service agencies and criminal justice systems in many countries due to legal offenses and other risky behaviors (Sheridan, Bennett, Coggan, Wheeler, & McMillan, 2006). Thus, the development of effective treatments for patients with MA use disorder has garnered substantial attention.
[bookmark: _Hlk52480688]     Addiction is a chronic, relapsing condition. Long-term MA use results in neuroadaptation of the brain’s reward systems, which causes dependence, loss of control, compulsive use, and neurotoxicity (Moszczynska & Callan, 2017). In people with chronic MA use, structural changes to the brain, including decreased cortical and hippocampal volumes, may cause pervasive neuropsychological impairment to prospective memory, decision-making ability, and cognitive flexibility (Thanos et al., 2017). Effective pharmacotherapies for MA dependence lack supporting evidence; however, psychosocial interventions, such as the Matrix Model program (Shoptaw, Rawson, McCann, & Obert, 1994), cognitive behavioral therapy (Lee & Rawson, 2008), relapse prevention (Matsumoto et al., 2013), and contingency management (Roll et al., 2006), have demonstrated success. Completion of treatment or remaining in continued care has been shown to significantly reduce MA use and improve quality of life (R. A. Rawson et al., 2004). Despite current evidence demonstrating the therapeutic effects of psychosocial interventions, finding a approach to encourage patient adherence to treatment and provide immediate support to patients with active cravings for MA remain a real-world challenge. In response to these findings, researchers and therapists have mostly focused on developing and evaluating treatment programs that might reduce barriers to adopting interventions, improve patient compliance, increase treatment adherence and retention, and reduce patient dropout rates. The rapid development of various new technologies, such as mobile health (mHealth) systems, has substantially affected the health care field. Mobile phone messaging applications, such as short message service (SMS) and multimedia message service, not only provide immediate response for personalized, supportive care but also present convenient, cost-effective means of supporting self-management and improving patients' self-efficacy through treatment reminders or homework practices that restore therapeutic efficacy (Car, Gurol-Urganci, de Jongh, Vodopivec-Jamsek, & Atun, 2012; de Jongh, Gurol-Urganci, Vodopivec-Jamsek, Car, & Atun, 2012; Vodopivec-Jamsek, de Jongh, Gurol-Urganci, Atun, & Car, 2012). Delivering interventions through these technologies has several advantages, including therapeutic support availability at any time and location, low barriers to treatment, and high use and dissemination in at-risk populations (Fjeldsoe, Marshall, & Miller, 2009; Ohannessian, 2009). 
Recently, numerous researchers have used communication technology (e-mail, SMS, and videoconferencing) to enroll patients into treatment programs, access patients during treatment periods, provide substance use interventions, deter risky behaviors, and promote adherence to treatment (Car et al., 2012). Whittaker et al. (2019) reviewed 26 studies that investigated text message–based smoking cessation interventions and revealed that supplementing smoking cessation interventions with text messaging was more effective than smoking cessation interventions alone (RR 1.59, 95% CI 1.09 to 2.33; I2 = 0%, 4 studies, 997 participants) (Whittaker et al., 2019). Tofighi et al. (2017) conducted a systematic review to assess the acceptability, feasibility, and clinical impact of text messaging interventions for individuals with illicit drug and alcohol dependence (Tofighi, Nicholson, McNeely, Muench, & Lee, 2017). It included 11 randomized control trials (two for opiate, four for alcohol, three for MA, and two for polysubstance abuse) and found that most studies demonstrated improved clinical outcomes, medication adherence, and engagement with peer support groups. Text messaging interventions also had a positive influence on multiple therapeutic targets such as appointment attendance, motivation, self-efficacy, relapse prevention, and social support. 
During treatment, mobile intervention also has the potential to immediately address patients’ needs when they are out of the clinic and experience cravings or have a high risk of relapse. However, few studies have examined the effects of text messaging–supplemented treatment on MA use disorder. Reback et al. (2012) conducted a 2-week, uncontrolled pilot study of an intervention designed to reduce high-risk sexual behavior and MA use among out-of-treatment men who have sex with men (N = 52) (Reback et al., 2012). Results derived from self-report data showed that at follow-up, participants had significantly reduced their frequency of MA use (p < .01) and condomless sex while using MA (20.9% vs. 44.2%, p < .01), and significantly increases were noted in abstinence from MA use (13.3% vs. 48.9%, p < .001) and length of time since last use (p < .01). Moore et al. (2013) examined the feasibility of using text messaging to track MA use and promote adherence to antiretroviral treatment among people diagnosed as having HIV who use MA (Moore et al., 2013). When sent a reminder message and asked to reply, participants in the intervention group were significantly more likely to respond that they “took” versus “didn't take” their medication (M = 19.08, SD = 9.3 vs M = 1.23, SD = 2.1; t = −6.52,  df = 12, p < .001). In reply to text messages asking participants if they had used MA in the previous 24 h, participants were more likely to send a “no” versus “yes” response (18.2 days, 62.2% vs 3.1 days, 10.7%; t = 10.3, df = 20, p < .001). Additionally, Kioleian et al. (2013) developed a text messaging intervention and demonstrated its feasibility and potential as an adjunct to cognitive behavioral group therapy for people who use MA (Keoleian, Stalcup, Polcin, Brown, & Galloway, 2013).
[bookmark: _Hlk47257328][bookmark: _Hlk59261179]     In Taiwan, approximately 82.1% of adults have access to the internet and 96.8% own mobile phones (Lin, Wu, You, Hu, & Yen, 2018). The near-ubiquitous ownership of mobile phones provides a practical opportunity to integrate mobile health technology with treatment delivery services. This study aimed to extend current research by investigating the role of mHealth systems, which could deliver SMS and videoconferencing, on therapeutic outcomes during outpatient treatment among people who use MA. The primary aim was to compare treatment retention and the results of urine drug tests between experimental and control groups. Participants in the experimental group received text messages consisting of treatment reminders about clinic visits and psychotherapy attendance, as well as psychoeducative messages and videoconferencing with case managers once every 2 weeks to discuss MA use problems and how to deal with them. The control group comprised patients who received treatment as usual (TAU). The hypothesis was that the group of patients who received mobile messages would have better treatment retention and more negative drug urine test results compared with patients receiving TAU. The secondary aim of this study was to explore the feasibility of and patient satisfaction with mobile messaging to improve treatment efficacy.

Methods:      
Study Design: 
This study utilized a randomized-controlled  design followed by the CONSORT STATEMENT 2010. MMAT served as the experimental group. Both experimental and control group members received standard treatment as provided by the facility. Dependent variables used in this study were: (1) retention, and (2) results of drug urine test. Each group will be followed for six months. Approval by the Institutional Review Board (IRB-18-017) was obtained, and subjects were given an explanation of the study and an opportunity to provide informed consent. The study was powered to detect statistically significant an odds ratio of 0.75(α= 0.05, power 0.80, and 20 participants per group), comparing the intervention arms pooled together with the control group.
Inclusion Criteria for Participants
     The inclusion criteria were (a) a diagnosis of MA abuse or dependence as defined by the DSM-IV-TR (b) age between 18 and 65 years, (c) no initial diagnosis of severe physical or mental illness, such as schizophrenia or bipolar I disorder, at survey baseline, and (d) a willingness to participate in standard outpatient treatment for 1 year. Subjects who were unwilling to participate in this study, were incarcerated during the study period, or were hospitalized due to physical or mental illness were considered to have dropped out of the study.
Recruitment and Enrolment
     The study population was recruited from outpatients of the Addiction Unit at Jianan Psychiatric Center. The study was introduced as an adjuvant treatment for MA use disorder. Those who were willing enroll in this study were given an information sheet and asked to provide contact details. After informed consent was obtained, case managers scheduled further visits for this study. All study procedures were approved by the ethical committee review board of Jianan Psychiatric Center. 
Randomization and Allocation
     This study was a randomized controlled trail, and a quantitative approach was used to collect and analyze data. Comprehensive interviews of all participants were conducted by well-trained psychiatrists for the purpose of gathering demographic data (name, age, sex, marital status, educational level, employment status) and drug use history (age at first use, duration of use, number of unique events in a criminal record, current dose in the previous month). Diagnostic interviews were also performed to confirm a diagnosis of substance use disorder. Severity of MA use was defined by the number of DSM-5 criteria that a participant met (2–3 criteria: mild, 4–5 criteria: moderate, ≥6 criteria: severe) (Galanter, Kleber, & Brady, 2015). Eligible patients were randomly assigned to one of the two groups on the day of enrollment after baseline measurements by researchers. Participants were divided into groups using permuted-block randomization with a 1:1 allocation ratio to achieve balanced sample sizes. The participants were blinded to individual group assignment. 
Intervention
During the 6 months of participation, the mobile messaging–assisted treatment (MMAT) group received treatment reminders by text message every week that coincided with their treatment schedule. Psychoeducational messages consisted of 80 messages based on the early recovery group treatments in the Matrix Model, which focuses on (a) how to stop the addiction cycle, (b) identifying external triggers (c), identifying internal triggers (d), mutual-help activities (e), body chemistry in recovery (f), common challenges in early recovery (g) thinking, feeling and doing, and (h) 12-step wisdom (R. A. a. Rawson, Obert, McCann, & Ling). Participants had videoconferencing sessions with case managers once every 2 weeks to discuss MA use problems and facilitate changes in their behavior. All participants were required to attend relapse prevention group therapy sessions once per week for a total of 8 weeks and attend OPD follow-up sessions for 6 months. Treatment retention, psychotherapy session attendance, and the results of monthly urine tests were analyzed used as outcome measurements. Feasibility and participant satisfaction were also assessed through a Mobile Phone Use Questionnaire that was developed for the purpose of this study and used to reveal patients’ experiences with using mobile phones for MA use disorder treatment. This study started from 1st July, 2018 to 1st July 2019.
Statistical Analysis
Descriptive statistics, M ± SD for quantitative variables, and frequencies and percentages for categorical variables were calculated for all sociodemographic, clinical, and psychosocial variables. Differences in all characteristics of the study groups were examined using a one-way analysis of variance (ANOVA) and chi-squared test. All data were subjected to an intention-to-treat analysis. Missing data were assumed to be missing completely at random. The criterion for significance was set a priori as a = 0.05. SPSS 21.0 was used for all analyses. A one-way ANOVA was used to examine the difference between objectively measured adherence values of clinical data gathered at follow-up between the two groups. A matched paired t test was performed to compare the two groups’ response rates regarding psychotherapy appointment attendance and drug urine test results. Pearson’s correlation test was applied to evaluate significant trends. The number of days in treatment from the initiation until either the patient quit or the end of the 6-month follow-up period was used to calculate cumulative retention in treatment using the Kaplan–Meier method with a log-rank test. Variables that were significantly associated with retention in the Kaplan–Meier analysis were included in the Cox regression multivariate analyses and presented as odds ratios with 95% CIs. Regression analysis (logistic regression, linear regression) was used to analyze the differences between potential predictor variables (age, sex, education, employment, severity by DSM-5 criteria) and the proportion of negative urine samples. A p value of <.05 was considered statistically significant.

Possible benefits and risks: It is supposed to be benefits for participants who received MMAT better treatment retention and more negative drug urine test results compared with patients receiving TAU. Since MMAT is delivered through individual communication devices, the possibility of stigmatization while others know participants with MA use is considered as risks. 
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