A. Significance

      HIV is a significant risk in India, with increasing numbers of Persons Living with HIV (PLH) who are seeking and receiving treatment.  There are currently about 2.5 million PLH in India (UNAIDS, 2010).   Of the 2.5 million PLH, it is estimated that approximately 25 percent (>603, 000 adults) need antiretroviral therapy (ART) under guidelines to treat when CD4 counts approach AIDS defining levels, but only 20 percent of adults and 35 percent of children receive treatment (National Aids Control Organization [NACO], 2008). Although the national prevalence rate is .36%, much of the eastern region falls below that with the exception of Kolkata (NACO, 2008).  Kolkata, one of the largest cities in India, has an elevated HIV prevalence rate especially among high-risk groups such as female sex workers (FSW), men who have sex with men (MSM), and injecting drug users (IDU) (Gupta et al., 2003; NACO, 2008).  Additionally, India as a whole has the 3rd largest population of PLH in the world, just after South Africa and Nigeria (World Factbook, 2010).
      While increasing numbers of PLH are receiving access to treatment, creating the possibility of reduced viral load and HIV transmission, non-adherence is high.  According to the WHO, 50% of patients fail to take their medications as prescribed (2003).  Poor medication adherence costs $177 billion in direct and indirect health care costs in the US, for example, each year (Ernst & Grizzle, 2001).  Adherence is particularly critical because ART is effective when near perfect adherence is attained, but missed doses lead to treatment resistant HIV strains (Brenner et al., 2000).  Adherence to ART has become a lifelong burden and represents the strongest predictor of viral suppression (Arnsten et al., 2001), HIV drug resistance (Gardner, Peng et al., 2008; Maggiolo et al., 2007), progression to AIDS and death (Bangsberg et al., 2001; Hogg et al., 2002; Wood et al., 2004). Studies suggest that patients must adhere to 90% to 95% of their prescribed doses consistently to maintain virologic success, yet average adherence to ART ranges between 50% and 80% (Gross et al., 2002; Mills et al., 2006; Nieuwkerk et al., 2007; Paterson et al., 2000). Chesney and colleagues, in the original survey by the NIH’s Adults AIDS Clinical Trials Group (AACTG), found that for 66% of missed medicines they “simply forgot”, 57% they were away from home, 53% they were “too busy”, and 51% they had unexpected obligations (2000). Similar findings have been validated in multiple studies since then including forgetting doses, sleeping through doses, and depressing being associated with nonadherence 
 ADDIN EN.CITE 
(
AIDSinfo, 2006; Lyon et al., 2003; Reynolds et al., 2004; Battaglioli-DeNero, 2007; Kumarasamy, Safren et al., 2005; Mills et al., 2006).
Low ART and medical adherence (and high viral loads) are associated with a constellation of risks that undermine adherence and prevention, including sexual and drug use transmission behaviors, depression, social isolation and low social support (Kalichman, 2008; Malta, Strathdee, et al., 2008). Increased treatment adherence and reduced viral loads leads some people living with HIV (PLH) to increase their HIV transmission risk behaviors in response to lower perceived risks of infection (Kalichman, 2008). HIV-stigma is also associated with these risks and contributes to non-disclosure of HIV-status, negatively impacting ART adherence (Ware, 2006), and increasing transmission risks, particularly with HIV-negative or unknown status partners (Mahajan, 2008). After testing positive, about half of PLH continue to engage in substance use and transmission risk acts (Chakrapani et al., 2010; Krishnan et al., 2007; Rotheram-Borus et al., 2001). Thus, efficacious and comprehensive programs have multiple goals: adherence to ART and medical regimens; reduce PLH’s alcohol/drug use and transmission risks; maintain positive mental health status, especially in the face of stigma; and build positive relationships.  
Information and Communication Technology (ICT) and mobile phone behavior change interventions, particularly automated and interactive methods, have repeatedly been used therapeutically with positive results in smoking elimination, diabetes self-management, eating and exercise to prevent obesity, and HIV prevention (Glasgow, 2004; Lightfoot, 2007; Noar, 2008; Swendeman & Rotheram-Borus, 2009; Ybarra, 2008). There are a number of advantages to delivering interventions via ICT.  First, programming allows tailored responsiveness to an individual’s risk pattern. Second, the individualized attention that characterizes counseling can be simulated through the use of interactive programming. ICT is able to control output and feedback in such a way that the branching and decision-making process is dependent on the user’s choices or responses, creating a personalized experience. Third, ICT has the additional unique benefit of eliminating the interpersonal barriers of avoidance, denial, discomfort, and confidentiality issues. Fourth, ICT has the potential for improving the quality of the interaction between PLH and provider by allocating information dissemination and monitoring tasks outside of the personal encounter (Kohli et al., 2005).  Finally, ICT interactions are considered objective and accurate; an application’s ability to respond and give selective, personalized feedback creates intense attraction to the intervention and suggests that PLH would be engaged in the program (Ybarra, 2007).  ICT also enables provision of comprehensive health behavior support delivery by reducing in-person staff time burdens for assessment/monitoring, advising, agreeing, assisting and arranging follow up (Glasgow, 2004).  As provider capacity and coverage is challenged across health services sectors, increasing automated engagement strategies with patients are crucial needs. HIV service providers report high satisfaction and service improvements when ICT is integrated into care delivery (Magnus, 2007). 
Mobile phones offer the opportunity to revolutionize ART adherence, sending and receiving reminders and assessments for ART doses, medical appointments, health informationt (Shet,et al., 2010).  Meta-analytic reviews indicate that the best programs to increase ART adherence are: comprehensive; use a diversity of approaches (e.g., information, motivation enhancement, cognitive coping strategies); focus on skills; target individuals (vs. groups), and are delivered over 12 or more weeks (Malta et al., 2008; Rueda et al., 2006; Simoni, 2006). Since HIV is a chronic infectious disease (Swendeman, Rotheram-Borus, Ingram, 2009), mobile technologies are also potentially a strategy for reducing public health risks of transmission acts.  Mobile phones may potentially reduce mental health symptoms and transmission acts through reminders, assessments, and encouragement, similar to ART mobile phone support systems (Thomas et al., 2005).  Mobile phones ownership in India is expanding more rapidly than any other county, with penetration rates expected to reach 73% in India by 2013, and 101% by 2014 (Informa World, 2010). 

The potential impact of the tools and capacities developed in the proposed intervention are extendable to PLH and high-risk populations in rural and underserved areas domestically and globally. Over 50% of the world utilizes mobile phones currently, with rates expanding exponentially (Shet et al., 2010). More people own a cell phone than a personal computer (World Factbook, 2008).  Unrestricted to location, mobile phones are low-cost and instantaneous, and have the possibility of increasing the effectiveness and efficiency of health service delivery throughout the world, including HIV treatment adherence support (Lester, 2008).  Mobile-phone based programs have the capability to overcome many barriers to HIV adherence support and prevention for clients and providers (Ybarra, 2007).
B. Innovation
Mobile phones hold the potential to enable the broad adoption and utilization of interventions to enhance adherence behaviors and to reduce HIV risk acts (Swendeman & Rotheram-Borus, 2009).  The past thirty years of prevention and chronic disease management research has developed EBI for a broad range of health challenges, based on the same core behavioral principles and strategies (Rotheram-Borus et al., 2009).  Yet, these EBI are not being broadly diffused; adoption and utilization by healthcare and other service providers, as well as by patients, are limited by time-intensive, in-person, delivery formats (Song, 2006) that may also limit the cost-effectiveness of EBI (Cohen, 2004). Paper-based patient support materials, such as self-monitoring logs (a key adherence support strategy; Lightfoot et al., 2007), are not easily maintained by patients or accessible by providers and present threats to patient confidentiality, particularly for stigmatized conditions. Information, advice, progress monitoring or assessment, feedback, reminders, encouragements and reward reinforcement are key adherence and risk reduction support strategies that can be greatly facilitated or automated through ICT-mediated interaction and automation that reduces provider and patient burden while increasing the accessibility, acceptability, fidelity, and intensity of support (Shet et al., 2010).

Indian adults are digitally literate, particularly with mobile phones, with 73% expected penetration by 2013 and 101% by 2014 (Informa World, 2010), highlighting the broad potential impact of the proposed intervention. These rates are increasing daily (Shet et al., 2010) and the overall pattern of high penetration demonstrates the medium’s acceptability and attractiveness, and the potential impact for maintaining behavior changes in a cost-effective manner (Kumarasamy et al., (2005).  PLH in India can be supported by using mobile phones for reminders, encouragement, support, self-report, assessment, and progress feedback. Our broad goals with technology are to: 1) provide more intensive support than feasible with personnel; and 2) minimize in-person time and client burden needed to support PLH.
Mobile phone delivered interventions that include responses to queries and reminders enable PLH to be more aware of their behavioral routines and able to shift their own actions.  Self-monitoring of behaviors using ICT is relatively easy to implement and has proven to be an effective means of promoting reductions in HIV-related sexual risk behaviors among PLH, reducing risk behaviors by up to 30%, even at relatively long 3-month time intervals (Lightfoot, 2007).  A meta-analyses of ICT-based HIV prevention interventions finds that effect sizes in the range of 30% changes are common and on par with in-person interventions (Noar, 2008; Shet et al., 2010).  Mobile phone based ART adherence support interventions have also demonstrated efficacy, even in low resource settings (Lester, 2008).  The proposed intervention will implement self-monitoring features on mobile phones in which periodic queries on adherence through SMS or IVR act as reminders and reinforcers for adherence, safe sex routines, and positive mental health supports. 
C. APPROACH
Two previous NIH funded RCTs of interventions for PLH and subsequent CDC funded replication and dissemination efforts, as well as a collaborative replication trial with Durbar (Basu et al., 2004; Swendeman et al., 2009), and studies conducted by Dimagi and colleagues (Kumar et al., 2004) demonstrates the team’s competence and ability to implement the proposed research.  Two RCTs have been conducted by this research team with PLH since 1993, and Dr. Swendeman coordinated or directed both studies. TLC, now being diffused by the CDC DEBI program is a small group format intervention in three modules (Rotheram, 2001) that were subsequently adapted into CLEAR for delivery in one-on-one sessions also being disseminated by the CDC (Rotheram, Swendeman, 2004).  The adaptation was based on consumer feedback from TLC participants conducted by Dr. Swendeman that identified barriers to small-group participation around group processes (e.g., stigma and disclosure, intra-group conflicts, inability to address needs specific to each PLH) and logistical challenges (e.g., scheduling, time and cost for traveling to centralized locations). Dr. Swendeman also served on the replication and dissemination training teams of trainers and providers funded by CDC and is highly familiar with interventions, research protocols, PLH and high risk populations, and collaborating with community-based agencies.  Dr. Swendeman was also the project liaison between UCLA and Durbar in a replication study of the Sonagachi intervention two villages in West Bengal, as well as subsequent mixed methods fieldwork that informed the analysis of the replication trial data.
A computerized ART reminder system called “ARemind” delivered through mobile phones via text-messages (i.e., SMS) and IVR has been implemented at relatively low cost by Dimagi.  “ARemind” is an open-source ART adherence support system developed by Dimagi Inc., and designed as a personalized device to help patients sustain and improve their adherence (Kumar et al., 2004).  A phase I pilot study over 6-weeks established that ARemind’s cell phone reminders significantly improve adherence compared to simple beeper reminders.  A phase II study funded by an SBIR has further established the feasibility, efficacy, user fatigue and cost saving of the system in a larger and longer study.  There are five significant innovations in ARemind.  First, the reminders are built on personalized content that is continuously updated to sustain a patient’s interest over time.  Second, the device that these reminders are being sent through is one that readily integrates into a patient’s life—a basic cell phone with text-message and voice functionality.   Third, an intervention module with an analytics engine modifies content and frequency of messages based on adherence assessments. Fourth, the intervention module can connect patients at low adherence levels to providers. This design offers an important strategic advantage as it shifts away from reactively responding to worsening biological markers of adherence such as viral load and CD4 count to proactively identifying signature adherence patterns and intervene upon them (Bangsberg, 2008). With these features, ARemind is a valuable adherence tool for the patient and an an interactive platform for patient-centric management of chronic conditions.  This study proposes to further develop the scope of ARemind while adapting PLH in India. 

Studies have demonstrated that phone based reminders can be effective to improve rates of immunization and cancer screening (Jacobson & Szilagyi, 2005; Stone et al., 2002; Szilagyi et al., 2000).  A study used phone call reminders to cell phones to motivate greater ART adherence in youth (Puccio et al., 2006) and found that the system was effective at improving adherence, though once the reminders were stopped the effects diminished. Studies have shown that text messages through two-way pagers are valued by patients as helpful in their self-management of diabetes (Leu et al., 2005), asthma (Erickson et al., 1998), and adherence to ARTs (Dunbar et al., 2003; Safren et al., 2003).  In one of the ART adherence studies, Safren et al. showed that pager-based reminders could enhance adherence but were not sufficient to attain the ideal 95% adherence (2003). Dunbar et al. showed that it is feasible to expect HIV/AIDS patients to participate in two-way messaging.  They received 14,677 (84%) responses to 17,440 messages that pertained to ARTs and were educational, assessments of adherence and side effects, messages of interest (quizzes, jokes, news), and reminders (2003).  The aspects that the participants liked the most were the reminders and entertaining messages. Telehealth services have also been able to favorably impact costs of service provision (Green et al., 2008; Smith et al., 2006; Elliott et al., 2008; Reynolds et al., 2008). 

Based on Social Action Theory (Ewart, 1991), the proposed enhancements to ARemind to address co-occurring risk behaviors and mental health challenges use both self-monitoring and shaping to reduce risk and to promote health.  Social Action Theory posits that the context, self-change processes, and habits are the primary influences on behavior change. Social Action Theory integrates multiple behavior change theories, processes, and intervention components in an ecological framework that focuses on self-regulation and self-change processes accounting for contextual influences. The self regulation of adherence, drug use and sexual risks is influenced by affective, cognitive, and behavioral skills (Chakrapani et al., 2010). The mobile phone can be used to allow PLH to document and receive information, in real time, about the situational contexts, timing, types of actions expressed in the trigger situations, consequences to these actions, and alternative health promoting acts available to the PLH. 

To adapt ARemind to address the comprehensive needs faced by PLH, five types of activities will be delivered on mobile phones; educational information, self-monitoring, skill-building, social support, and behavior shaping.  Educational information can be translated from didactic scripts to more engaging formats.  Self-monitoring builds self-awareness, anticipatory awareness, and help PLH identify their triggers for high risk behaviors. Skill building components can be supplemented or boosted by providing positive role model stories.  Social support can be encouraged consistently to overcome the social isolation PLH often face due to fears of stigma and discrimination. Shaping of healthy behaviors by rewarding positive behaviors can be implemented by mobile phone delivery of encouragement, reminders, and praise for meeting goals and problem solving difficult situations.

Methods Overview:  the study will proceed over two phases, a Formative phase in Year 1 and a Pilot RCT in Year 2.  Two sites will be the primary sources for PLH recruitment in Kolkata, the Mamata Care & Treatment Center (MCTC) operated by Durbar serving over 200 PLH (mostly sex workers at high risk for HIV transmission), and one of the two primary Government supported ART treatment center in Kolkata. PLH will also be recruited from the Kolkata Network of Positives (KNP+) that is supported by Durbar.  Field research offices will be established in close proximity to both service settings.  We chose not to integrate the research teams in the service setting in order to decrease potential confounding of study data and to eliminate research study burden on clinical service teams and settings.  If ARemind Plus is successful, participants in the intervention group will exhibit improved healthcare adherence and greater reductions in HIV risk behaviors and substance use, and concomitant improvements in psychosocial intermediary variables during the study period relative to participants in the standard ARemind medication adherence only focused control group. 


Phase 1, Formative Research during Year 1 will consist of: PLH focus groups interviews; design and adaptation planning meetings with the researchers, programmers, and providers (i.e., Design Team); programming adaptations to Dimagi’s mobile phone systems; and small pilots to iteratively refine the programs.  In month 1, an initial focus group interviews with PLH (n=10 from each site) will be conducted to inform development of ARemind.  Interviews will follow a pre-determined question schedule, with open-ended probes. They will be digitally recorded, transcribed and summarized by the research assistant to inform the ICT adaptation planning. The Design Team will meet to discuss the results and generate new priority discussion topics for subsequent PLH focus groups.  After the interviews the Design team will review key informant and focus group results again and collaboratively develop a prototype adaptation plan based on PLH preferences and feasibility for programmers and providers.  In month 3, a second focus group with PLH (n=10) will vet the complete prototype proposal with PLH to confirm acceptability and clarify final design team questions.  Simultaneously, the India research team will receive training in interview methods conducted by Dr. Swendeman.  Phase 1, Prototype Development, months 4-12:  Prototype programming and development using Continuous Quality Improvement (CQI) processes.  In months 4-9, Dr. Swendeman will coordinate the prototype development and testing with PLH using continuous quality (CQI) improvement processes.  PLH from the focus groups will be invited to participate in prototype development and provided with Nokia 1202 mobile phones to test ARemind adaptations.  This process includes trial testing the program, debugging by inputting unexpected or unpredictable responses, and iteratively refining the program.  Feedback is provided to the Dimagi programmers who will finalize the system to prepare for the pilot RCT in Year 2. 

Phase 2:  ARemind Plus Pilot RCT, Year 2.  PLH will be screened for eligibility randomly assigned to one of two experimental conditions: 1) ARemind Plus comprehensive mobile support (n=100 from each site) or 2) ARemind with medication adherence reminders only as a standard care control condition (n-100 from each site).  All participants will be assessed by the research assistants using mobile phone assisted interviews at baseline, 3 and 6 month follow ups. To address potential threats to internal validity, the risk behavior retrospective recall period to be used in each assessment--behavior practices occurring in the past three months--will measure behavior in a realistic manner for PLH that has proven successful in our prior studies. After completion of the intervention PLH will be asked to provide feedback on their experiences, preferences, and dislikes of ARemind Plus.  Data analyses will be conducted.  The Dimagi programming team will make final modifications to the program based on the Pilot RCT experience and PLH feedback. 

Recruitment and Screening Procedures will be adapted from those used in our prior studies with PLH in the U.S. and sex workers in Kolkata & West Bengal, India.   Street-based outreach on ART clinic days, and notifications to ART service providers, will notify PLH about the study and provide recruitment materials and contact information for the research team.  PLH interested in participating will be interviewed by the research team in a private and confidential area established adjacent to the two study sites and screened to determine if entry criteria are met (i.e., taking ARV medication, capable of providing informed consent to participate).  PLH who meet study eligibility criteria will be asked to provide written informed consent and scheduled for their baseline assessment. If the PLH is not eligible for the study, they will be thanked and told they do not qualify. When possible PLH can complete their baseline assessment immediately after screening and consenting procedures. Randomization will occur after the baseline interview and handled automatically by a computerized randomization schedule with research assistants blinded to randomization assignment.


All assessments will be conducted by the India research teams trained by Dr. Swendeman and implemented on mobile phones to reduce cost of data entry or laptop computer based methods. The training will begin with IRB certifications and human subjects training.  It will consist of a question-by-question review of the assessments, interviewing methods, strategies for connecting with PLH and simultaneously maintaining a strategy for collecting honest answers, feedback on how to interact in a non-judgmental manner, and data recording on mobile phone interviewing protocols for the research team.  Four 60-minute assessments (i.e., baseline and 3 follow up interviews over 8 months) will be based on the original CLEAR RCT protocols for PLH and protocols from our prior sex worker focused studies.  Assessment interviews will take place in the context of an individual private interview with a research assistant.  We believe that interviews, rather than self-administered assessments on PLH mobile phones, are essential given potential confounding of efficacy data if based solely on the ARemind query responses, the expected limited literacy of many participants and the need to explain questions or probe responses. 
Measures of Primary Endpoints of Adherence to ART, preventive sexual behaviors, and .


Adherence to ARV medications and healthcare will be assessed using the most current and validated adherence measure being used by the AIDS Clinical Trials Group. The current interview-based version provides detailed information about adherence over the prior four days, including information about adherence to special instructions.  Additional questions address adherence on weekends, and adherence over the previous month. In addition, the Adherence Self-Efficacy scale will be administered to assess patient confidence to carry out important health-related behaviors (asking physician questions, keeping appointments, adhering to medication; alpha = .92). Finally, adherence measured by the mobile phone adherence reminder/query responses will provide useful data for assessment methods comparisons and development.
Sexual behavior questions will assess sexual debut, disclosure of serostatus to one’s sexual partners, number of sexual partners and occasions of unprotected sex, and use of condoms (male or female).  We will elicit partner level information on:  the number and gender of partners, the type of partners (primary, regular but nonexclusive, casual, new), existence of concurrent relationships, knowledge of serostatus of partner, the type and frequency of sexual acts, the frequency and type of condom use during each act, use of drugs and alcohol during sexual encounters, contraception, risk factors among partners (i.e., partner is known to have an STI), the frequency of sexually transmitted diseases, pregnancies, and abortions or miscarriages.  Test-retest reliability of these types of measures appears high (over .90 on all items). 

Substance use frequency and level of use will be assessed for alcohol and drugs used among the PLH population in Kolkata over the past two months including alcohol, sedatives, tranquilizers, stimulants, opiates, and inhalants.  Each category of substance (e.g., inhalant) will be defined and types or examples of substances (e.g., sniffing paint) will be provided. The assessment also includes questions about age of initiating use, most recent use, duration of use, most frequent use, and method of ingestion. 

Secondary Outcome Measures of Affect, Coping, and Mood
Quality of life will be assessed with the SF-36 QOL scale. The scale covers different aspects quality of life, including physical capacities, general health, physical and emotional health, and social activities.  
Stigma will be measured with a 20-item scale measuring perceived and experienced HIV-related stigma. This scale has been factor analyzed using data from the original CLEAR study (Swendeman et al., 2006). Three perceived stigma factors and three experienced stigma factors were identified (alpha = .69 - .87).

Mental Health symptoms will be measured with the Brief Symptom Inventory, a 53-item inventory designed to asses emotional distress that we have used in our prior studies of PLH (Rotheram-Borus, 2001, Rotheram, 2004).  We will calculate the overall symptom score, and depression and anxiety sub-scores.  

HIV-related coping will be assessed with the 31-item HIV/AIDS Illness Coping Scale. The measure breaks down into five subscales:  positive action, self-destructive escape, passive problem-solving, spiritual hope, and social support, each with sound internal consistency (r= .76 to .89) and validity characteristics.
Social support will be measured with the Social Provisions Scale (SPS) that assesses level, type, and perceived satisfaction with social supports from one’s social network.  This 24-item scale, breaks down into subscales measuring six dimensions of social support (social attachment, social integration, reassurance of worth, reliable alliance with others, guidance, and social nurturance) as well as an overall social support index. 
Demographic and background characteristics assessed will include age, ethnicity, caste, gender, sexual orientation, relationship status, educational and employment status, income, and religion. Health history will also be assessed to determine: mode of transmission; length of time since HIV-positive serostatus was first known; history and nature of treatment for psychiatric, psychological, and substance use difficulties; sources utilized for HIV and other medical care as well as other social services; STD treatment history; TB-treatment history and history and nature of HIV-related illnesses and treatment.  To describe current illness level, participants will also be asked to provide responses to a 23-item HIV symptom presence and severity checklist similar to that used in our previous studies (Cronbach’s alpha= .89).

Data Management, cleaning, and analysis will be conducted by Dr. Comulada.  Unadjusted and adjusted longitudinal analyses will be conducted with random coefficient models, a specific subset of the more general multilevel modeling framework. Statistical analyses will be conducted with the SAS computer program. 


Power and sample size calculations. Our proposed sample size of 200 participants per condition (i.e. 100 PLH per condition in each of the two sites), will be sufficiently powered to detect significant intervention effects on our primary outcomes.  Power calculations were carried out in two steps. In the first step we used RMASS2 software (Hedeker et al., 1999) to calculate the sample size (N*) needed for 80% power and a Type I error of .05 for a two-sided test on four time points. We assume attrition of 5% between time points and an autoregressive (AR-1) correlation structure on longitudinal measurements with an autocorrelation of .5, based on previous data from our center. 

In the second step, we use the variance inflation factor (VIF) to account for nesting of participants within two conditions in the two sites, which inflates the sample size calculated in the first step.  We will unlikely be able to fit a hierarchical statistical model for only four clusters (i.e. intervention condition by site).  Instead the VIF is included to show that our sample size is reasonable, even in the presence of clustering effects.  The proper sample size is N = VIF x N*, where VIF = [1 + (m-1)ICC], m is the average number of participants per site.   


Power calculations show that prior to the VIF adjustment, a sample size of 150 participants per condition will be sufficient to detect a standardized effect size (ES) of at least .45 with 80% power.  If there is correlation within sites, for example, an ICC of .004 (e.g. Todd et al., 2003), then 214 per condition will be needed (i.e. 107 participants per site).   We illustrate the meaning of the ES in terms of one of our primary outcomes, adherence or the proportion of doses missed over the prior four days.  The ES = Intervention Effect / SD, where the intervention effect is the difference between the intervention groups at the last time point, and SD is the standard deviation of the outcome (Cohen, 1988).  Since adherence has a range of 0 to 4 days, its standard deviation is likely to be close to a value of one.  Therefore, an ES of .45 translates into an intervention effect = .45 x SD = 1, or an increase of one day of adherence to medications.    
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