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        Abstract



        
          Objective:


          A systematic review was conducted to identify the types of phone technology used in the adult outpatient population with a focus on Hispanic patients and psychiatric populations.

        


        
          Methods:


          A search for articles was conducted on the EMBASE, PubMed and PsycINFO databases. Articles reviewed were peer-reviewed, full-text, English language and published through mid-November 2014.

        


        
          Results:


          Twenty-one articles were included in this review and grouped according to combinations of phone technology, medical specialty area and population. For all articles, phone technology was defined as telephone, cell, or smart phone. Technology was used in psychiatry with Hispanic population in four articles, in psychiatry with non-Hispanic population in seven articles and in other specialties with Hispanic population in ten articles. Articles were evaluated for quality. Six articles were assessed as strong, eight were moderate and seven were weak in global quality. Interventions included direct communication, text messaging, interactive voice response, camera and smart phone app. Studies with Hispanic populations used more text messaging, while studies in psychiatry favored direct communication. The majority of articles in all groups yielded improvements in health outcomes.

        


        
          Conclusion:


          Few studies have been conducted using phone technology in Hispanic and psychiatric populations. Various phone technologies can be helpful to patients in diverse populations and have demonstrated success in improving a variety of specific and overall healthcare outcomes. Phone technologies are easily adapted to numerous settings and populations and are valuable tools in efforts to increase access to care.
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      INTRODUCTION


      Alexander Graham Bell’s invention, the telephone, fundamentally transformed person-to-person communications, allowing efficient and immediate voice contact between two remote parties [1]. In the almost 140 years since its introduction, this communications technology has experienced an explosive evolution. Mobile phones and personal digital assistants (PDAs) have been widely available to the public for almost three decades [2]. Wireless technology continued to advance rapidly and the mobile phone’s most recent incarnation, the smart phone, has propelled growth in this technology and similar devices to the present day [3]. Like the introduction of computers into households across the globe, the evolution of mobile technology has changed the way people communicate and access information.


      The term Digital Divide refers to inequalities in access to internet. While this situation may have been the case in the past, this gap has been shrinking at a very rapid pace. Year-end estimates for 2014 worldwide cell phone subscriptions in developed countries were expected to near 1.5 billion, which translates to approximately 121 subscriptions per 100 inhabitants [4]. Today, cell phone ownership among Americans is at 91%, minority groups are more likely to use a smart phone for internet access, and Blacks, whites, and Hispanics are equally likely to own mobile phones [5, 6]. Additionally, 80% of smart phone owners surveyed worldwide by the analytics software company FICO were interested in using their phones for healthcare communications, specifically seeking reminders of upcoming appointments (76%) as well as reminders to make appointments or take medications (69%) [7]. A 2013 PEW survey found that 56% of American adults own a smart phone as opposed to more basic cell phone models, up from 46% the year before and 35% two years prior [8]. This growth trends across gender, age, race, and cultural/ethnic demographics. The high rates of ownership and usage of the instruments to access health information on the internet, as well as strong user preferences for healthcare communications via smart phone, suggest that this widespread personal technology can be useful in reducing health disparities and improving access to healthcare via increased communication [7, 9, 10].


      Mental health issues are of serious concern and place a great burden on all levels of society. Individuals, families, and entire communities are affected, and access to care is a barrier worldwide. The gaps between mental healthcare demand and supply are estimated at 76%-85% in low and middle-income countries and between 35% and 50% in high-income countries by the World Health Organization (WHO) [11]. U.S. Healthy People 2020 guidelines identify increasing access to mental health and a focus on prevention as important goals, placing increased demands on both mental and physical healthcare resources [12]. Improved adherence to treatment regimens yields improved patient outcomes. Despite increased demand and attempts to address it, patients continue to have trouble adhering to both appointments and medication regimens resulting in sub-optimal outcomes [13-18].


      Several reviews have examined the use of cell and voice technology in enhancing self-care and disease management, behavioral changes, preventive care, and appointment attendance in a variety of healthcare settings, age groups, and health conditions with particular progress in the realm of text messaging interventions [19-22]. The majority of studies identified in these reviews were conducted in countries other than the U.S. While two Cochrane reviews [21, 22] examined trials in low, middle, and high-income countries, none of the reviewed studies specifically examined racial, ethnic, or socioeconomic minority groups. Likewise, none of the reviews yielded studies targeting phone interventions in the psychiatric specialty area.


      The goal of this review is to identify and evaluate the types of phone technology used in the adult outpatient population, focusing on Hispanic patients and psychiatric populations, two areas not reviewed in depth to the authors’ knowledge. The results of this review will identify quality of existing studies and gaps in the literature, both of which will bring to light areas for further research. Innovative technological interventions specifically directed toward these populations, which are vulnerable due to health disparities or the stigma of illness, may lead to improved appointment and medication adherence and yield improved health management and outcomes.

    


    
      METHODS


      
        Design


        A systematic review was conducted using the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement [23, 24]. Relevant articles were identified and selected for ultimate review, synthesis, and grading of the evidence. Because studies were expected to be of diverse types, settings, comparators and outcomes, this systematic review did not lend itself to the additional step of conducting a meta-analysis [25].

      


      
        Literature Search


        The PRISMA Statement [23, 24] also guided the literature search. A priori criteria for inclusion yielded studies that were peer-reviewed, full-text, English language, conducted in any country and involved human subjects over the age of 18. Inclusion criteria used phone technology intervention with either a psychiatric and/or Hispanic population. Specifically excluded were review articles, meta-analyses, case studies, as well as dissertations and poster presentations. Systematic searches were conducted on three electronic databases, EMBASE, PubMed, and PsycINFO (EBSCO). An initial search was performed in early March 2013 for all articles to date; because technology use in healthcare is relatively new, no lower date parameter was used to exclude older studies initially, though during full-text screening, articles published before 2003 were eliminated. A second search was conducted in early November 2014 to include new articles since the first search. Google Scholar and hand searches of full-article reference lists were also performed with each series of electronic database searches.


        Searches were conducted using various combinations of terms in the following broad categories: psychiatry, adherence, technology, and Hispanic. Specific search terms have been summarized in Table 1.


        Two reviewers independently followed a three-step screening process to narrow down the list of studies for final evaluation in this systematic review: (i) screening by title; (ii) screening by abstract; and (iii) screening of full-text articles. Prior to moving forward, consensus was achieved at each step.

      


      
        Data Extraction


        Data extraction was performed by one reviewer who created three detailed evidence tables with the following information from each article: author, year, location, study design, sample size, population, setting, technology and intervention, comparators and main outcomes. Both reviewers confirmed accuracy of table data by re-checking against the original articles. Any data discrepancies were discussed and appropriate changes or corrections made. An additional column was added to each evidence table reflecting global quality rating.

      


      
        Quality Assessment


        Quality of the studies was evaluated using the Qualitative Assessment Tool for Quantitative Studies (QATQS) [26, 27]. Validity and reliability, in randomized as well as non-randomized studies, have been demonstrated for the QATQS [27, 28]. Eight components of quality are examined by the QATQS: (i) selection bias, (ii) design, (iii) confounders, (iv) blinding, (v) data collection, (vi) withdrawals and drop-outs, (vii) intervention integrity, and (viii) analysis appropriate to question. Ratings of strong, moderate or weak are assigned to each of the first six components, in accordance with the tool’s guide and dictionary. These individual ratings are combined to produce a global quality rating (Table 2). Each reviewer performed an independent evaluation, then both came together to discuss discrepancies and arrive at 100% agreement on final study quality ratings.

      


      
        Article Evaluation


        Each article was analyzed in the context of technology used, population and medical specialty area. Three detailed evidence tables were created, grouping articles by phone technology, population, and specialty and including summarized information from each article, as well as quality rating per the QATQS [26].

      

    


    
      RESULTS


      Initial literature searches yielded 1, 757 articles from the databases and hand searches yielded an additional 22 articles (Fig. 1). Fifty articles were duplicates, leaving 1, 729 articles to be screen by title and abstract. Of these, 1, 384 were excluded on title and 176 were excluded on abstract. After full-text assessment of 169 articles, 21 were retained in the final list for qualitative synthesis [29-49]. The articles were grouped as follows for analysis: (i) four articles using phone technology in psychiatry with Hispanic populations [34, 36, 40, 49], (ii) seven articles using phone technology in psychiatry with non-Hispanic populations [29, 35, 37-39, 43, 47], and (iii) ten articles using phone technology in other specialties with Hispanic populations [30-33, 41, 42, 44-46, 48]. For all articles, phone technology was defined as telephone, cell, or smart phone. The term psychiatry encompassed articles specific to the field, as well as articles in other disciplines that targeted psychiatry-specific outcomes. Of the 21 studies, ten were randomized controlled studies (RCTs) [29-31, 33, 34, 40, 41, 46-48], nine were cohort studies [32, 35-38, 42, 44, 45, 49] and two were controlled clinical trials (CCTs) [39, 43]. With one exception [29], all articles reported on studies conducted in the United States.


      
        Technology Use in Psychiatry with Hispanic Populations


        Four articles (two RCTs and two cohort studies) [34, 36, 40, 49] described interventions using phone technology in Hispanic populations with outcomes specifically in the realm of psychiatry. Details regarding these studies can be found in Table 3. A total of 2, 205 participants were included in the studies, the majority in safety net populations [40, 49] and the remainder in the general population [34, 36]. Two articles [34, 40] were of strong quality while one each were found to be of moderate [36] and weak [49] quality [26].


        


        
          Table 1

          Summary of systematic search terms by general category.



          
            
              
                	General Category

                	Search Terms
              

            

            
              
                	Psychiatry

                	mental disorders, mental health, mental health services, psychiatric
              


              
                	Adherence

                	adherence, appointment adherence, appointment compliance, compliance, follow up, medication adherence, medication compliance, medication follow up, medication management, patient adherence, patient compliance, self care, self management, treatment adherence, treatment compliance
              


              
                	Technology

                	applications, apps, interactive, internet, mhealth, mms, mobile health, multimedia, multi media, multimedia messag*, short messag*, sms, social media, tablet*, texted, texting, cell phone, cellular phone, computer assisted, internet based, mobile phone, online, smartphone, smart phone, telecommunications, telemedicine, telephone, text messag*, wireless phone, wireless telephone
              


              
                	Hispanic

                	Central American, Cuban, Hispanic American, Latin American, Mexican, Puerto Rican, Salvadoran, Hispanic*, Latino*, Spanish speaking
              

            
          


        



        
          Table 2

          QATQS assessment and grading criteria.



          
            
              
                	Quality Component

                	Assessment Criteria
              

            

            
              
                	Selection Bias

                	Degree to which participants are representative of target population

                Percentage of study candidates who agreed to participate
              


              
                	Design

                	Study design

                Description of randomization process

                Appropriate randomization sequence
              


              
                	Confounders

                	Controlling of confounders via design

                Baseline balance as to confounders
              


              
                	Blinding

                	Outcome assessors

                Participants
              


              
                	Data Collection

                	Reliability and validity of assessment tools/methods
              


              
                	Withdrawals and Drop-Outs

                	Reporting of withdrawal numbers and reasons

                Percentage of participants completing the study
              


              
                	Intervention Integrity

                	Percentage of participants receiving intended intervention

                Measurement of consistency of intervention administration

                Contamination/unintended intervention
              


              
                	Analysis Appropriate to Question

                	Level of allocation and analyses

                Appropriateness of statistical methods to study design

                Analyses for intention-to-treat
              


              
                	Global Quality Rating

                	Strong = 4 strong ratings and 0 weak ratings

                Moderate = less than 4 strong ratings and 1 weak rating

                Weak = 2+ weak ratings
              

            
          


        


        All four articles used phone technology interventions for mental health outcomes, though none specified the type of phone used in the intervention. Two articles described studies in breast cancer survivors; one used telephone psycho-education to address depression in this population [34] and the other used therapy and cancer education to help with more general mental health support [36]. The other two articles addressed studies using phone technology for depression in individuals with diabetes; the first provided collaborative care using the telephone [40] and the second used a telephone interactive voice response (IVR) system [49]. Two articles [34, 40] reported improvement in depressive symptoms. Additionally, one of these articles [40] noted ongoing depression treatment and overall improvement in quality of life, but did not report significant differences in clinical outcomes for diabetes as a result of the intervention. A third article reported significant improvements in psychological, physical, social, and spiritual QOL [36]. The remaining article [49] did not report any outcomes as it described a study currently underway.

      


      
        Technology Use in Psychiatry with Non-Hispanic Populations


        Phone technology interventions in non-Hispanic populations targeting outcomes in the area of psychiatry are described in seven articles (two RCTs, two CCTs, and three cohort studies) [29, 35, 37-39, 43, 47]. Study details are described in Table 4. These studies included a total of 45, 767 participants. Four studies included subjects from the general population [35, 38, 39, 43], two studies involved people who had completed inpatient programs [29, 47] and one study recruited from a federally qualified health center (FQHC) [37]. Two articles were rated strong in quality [29, 47], two were rated moderate [37, 39], and the remaining three were rated weak [35, 38, 43].

      


      Three articles described the use of cell or mobile phone interventions [29, 37, 43] while the remaining four did not specify the type of phone used in the intervention [35, 38, 39, 47]. The three articles using mobile phone interventions


      [image: ]
Fig. (1)

      Flow diagram for literature search.

      all did so in participants with substance abuse problems. One pilot study conducted in Ireland used a text messaging intervention in a group of patients diagnosed with depression and alcohol abuse [29]. Another pilot used IVR in the dually-diagnosed homeless population [37]. The last of these articles used cell phone cameras to take pictures of morning medications of methamphetamine-dependent individuals [43]. Of the remaining four articles, three involved counseling or support call interventions for patients with depression [35], serious and persistent mental illness (SPMI) [39] and posttraumatic stress disorder (PTSD) in veterans [47], while one used IVR technology in depression [38]. Of five articles addressing medication adherence, four reported improvements or high levels of adherence [35, 37, 39, 43] and one reported no significant impact to adherence, though age was identified as a confounder [38]. In addition, one study reported greater likelihood of therapy continuation, improvements in refill timeliness, symptom burden and severity, and mental quality of life (QOL) with no improvements in physical QOL [35]. Other studies reported high ability to reach participants using technology and subjective improvements in communications [37], as well as decreased emergency department (ED) utilization [39] and usefulness of the technology in measuring adherence [43].


      
        Table 3

        Articles that included technology use in psychiatry with Hispanic populations.



        
          
            
              	First Author, Year

              Location

              Study Design

              	Sample Sizes/

              Population/Setting

              	Technology/Intervention

              	Comparators

              	Main Outcomes Intervention v. Comparators

              	Global Quality Rating
            

          

          
            
              	Ashing, 2014 [34]

              USA, CA

              RCT

              	n=252/Randomized n=221 (I: n=110, 99 completed, C: n=111, 100 completed); 18+ y.o., English or Spanish speaking Latina BCA survivors via CA Cancer Registry; general population

              	Telephone. Eight bi-weekly psycho-educational interventions, 40-50 minutes plus survivorship booklet.

              	Survivorship booklet only.

              	Level of depressive symptoms. Over time, within language group, significantly decreased. Follow-up also showed significant decrease in symptoms. By language preference, both English and Spanish language-preferred showed significant decrease from baseline to follow-up.

              	Strong
            


            
              	Badger, 2013 [36]

              USA, AZ

              Cohort

              	n=80 dyads (160 total) (I: n=40, C: n=40), Latina BCA survivors and their supportive partners; general population

              	Telephone. (TIP-C intervention) Weekly interpersonal psychotherapy + CA education for BCA survivors, every other week for supportive partners. English or Spanish.

              	(THE intervention) Standardized educational materials sent prior to intervention, reviewed over the phone. Weekly sessions for BCA survivors, every other week for supportive partners. English or Spanish.

              	Psychological, physical, social, and spiritual QOL. Significant improvements (in all EXCEPT spiritual) for BCA survivors in both groups over time. Significant improvements (in ALL QOL areas) for supportive partners in both groups over time. No clear support demonstrating one intervention better than the other.

              	Moderate
            


            
              	Ell, 2011 [40]

              USA, CA

              RCT

              	n=387 (I: n=193, 138 @ 24 mos; C: n=194, 126@ 24 mos) low-income adults with diabetes & depression - part of Multifaceted Diabetes and Depression Program (MDDP); English or Spanish speaking, in primary safety net care

              	Telephone. Educational pamphlets and resource lists plus socioculturally adapted collaborative care for depression in primary care (psychotherapy, antidepressants, or both; telephone symptom monitoring & relapse prevention)

              	Enhanced Usual Care includes same pamphlets and resource lists as intervention group. PCPs also could Rx antidepressants and provide counseling or refer for community mental health.

              	Depression care. More going Tx at 24 months; Depression symptoms. Improved at 24 month; QOL. Overall improvement, narrowing over time, not significant at 24 mos; DM clinical outcomes. No significant differences.

              	Strong
            


            
              	Wu, 2014 [49]

              USA, CA

              Cohort

              	n=1406 (I: n=442, C1: n=484, C2: n=480) low-income, predominantly Hispanic/Latino adults with diabetes, English or Spanish speaking, county safety net clinics

              	Telephone IVR. Technology-facilitated depression care (TC). Educational/resource materials + calls from automated telephonic assessment (ATA) call system. Monthly ATA calls for depressed at baseline, Q 3 mos. for not depressed at baseline. TC group also gets telephone appt reminders.

              	In addition to educational and resource materials: 1) Usual care (UC), traditional clinic depression and diabetes care; 2) Collaborative care team supported care (SC) includes RN, NP, SW to assist with MH issues for 6 mos, then return to usual care.

              	Depression outcomes. Treatment adherence. Social and economic stress reduction. DM self-care mgmt. Health care utilization. Care mgmt. model cost. Cost-effectiveness. Comparisons. No results; project in progress. Goal: reduce health disparities via improved outcomes and reduced costs.

              	Weak
            

          
        


        
          

        


      


      The article focusing on depression and alcoholism reported improved depression, abstinence, and functioning, while noting no significant difference in compulsion to drink [29]. Lastly, the study addressing PTSD reported no significant differences in PTSD or depression, aggressive behaviors, alcohol or drug problems, QOL, time to rehospitalization, or engagement in care [47].


      
        Technology Use in Other Specialties with Hispanic Populations


        Ten articles fell into the category of phone technology use with Hispanics in other medical specialty areas (six RCTs and four cohort studies) [30-33, 41, 42, 44-46, 48]. Details of these studies are listed in Table 5. A total of 1, 615 participants were included in these studies. Subjects were recruited from general populations for three studies [30, 44, 45], safety net populations for three studies [31-33], FQHC for two studies [42, 48], and one each from county health department [41] and community settings [46]. Using QATQS rating criteria [26], two articles were determined to


        
          Table 4 Articles that included technology use in psychiatry with non-Hispanic populations.


          
            
              
                	First Author, Year

                Location

                Study Design

                	Sample Sizes/

                Population/Setting

                	Technology/Intervention

                	Comparators

                	Main Outcomes

                Intervention v.

                Comparators

                	Global

                Quality

                Rating
              

            

            
              
                	Agyapong, 2012 [29]

                Ireland

                RCT (Pilot)

                	n=54 (I:n=26, C: n=28) adult pts w/depression and ETOH; completers of inpatient program

                	Mobile phone. BID supportive text messages.

                	Thank-you text messages every 2 weeks.

                	Depression and abstinence. Improved. Functioning. Improved. Compulsion to drink. No significant difference.

                	Strong
              


              
                	Aubert, 2003 [35]

                USA

                Cohort

                	n=5624 (I: n=505, C1: n=1375, C2: n=3744) adult insurance pharma plan members with depression with new prescription (none in last 180 days) for an antidepressant medication; general population

                	Telephone. Four telephone counseling calls. Five educational mailings. Toll-free number set up for participant questions.

                	1) Minimal intervention: completed first call but did not consent to continuing interventions. 2) No interventions.

                	Medication adherence. Improved. Therapy continuation. More likely. Refill timeliness. Improved. Symptom burden. Improved. QOL-mental. Improved. QOL-physical. No significant difference. Symptom severity. Improved.

                	Weak
              


              
                	Burda, 2012 [37]

                USA, MD

                Cohort (Pilot)

                	n=10 adult homeless dual-Dx'd pts, mostly black, mostly men; FQHC

                	Cell phone IVR. Daily phone calls, two attempts.

                	None

                	Medication adherence. High levels reported. Ability to reach participants. High. Subjective report of communications. Improved.

                	Moderate
              


              
                	Castle, 2012 [38]

                USA, PA

                Cohort

                	n=39, 020 (I1: n=293, I2: n=11, 280, I3: n=27, 447) adult insurance pharma plan members newly Rx'd antidepressant medication; general population

                	Telephone IVR. Calls to participants with option to listen then transfer to depression mgmt program. If not reached, msg left with callback number.

                	3 a posteriori intervention groups: 1) reached, transferred, 2) reached, not transferred, 3) not reached.

                	Medication adherence. Not significantly impacted by intervention. Age was confounder, as increase in adherence seen with increasing age.

                	Weak
              


              
                	Cook, 2008 [39]

                USA, CO

                CCT

                	n=202 (I: n=51, C: n=151) adult Medicaid members SPMI, received 2nd gen antipsychotic in last 30 days; mostly women; general population

                	Telephone. Adherence counseling via CBT/MI. F/U written materials upon completion.

                	Not contacted after multiple attempts.

                	ED Utilization. Decreased. Medication adherence. Improved.

                	Moderate
              


              
                	Galloway, 2011 [43]

                USA, CA

                CCT

                	n=20 methamphetamine-dependent adults, men and women; general population

                	Cell phone. For 8 weeks, subjects took pictures of daily morning medication at time of administration. Time-stamped photos e'mailed to data collection account.

                	Medication Event Monitoring System (MEMS) caps on bottles, weekly pill counts.

                	Medication adherence. High levels reported. Photos of medication useful in measuring adherence.

                	Weak
              


              
                	Rosen, 2013 [47]

                USA, CA

                RCT

                	n=837 (I: n=412, C: n=425) veterans entering residential PTSD treatment; men and women, multi-site, post-discharge

                	Telephone. Standard outpatient care plus bi-weekly phone monitoring and support for 3 months post-discharge.

                	Standard outpatient aftercare: referral to outpatient counselors, psychiatrists, or both.

                	PTSD symptoms, aggressive behaviors, ETOH and drug problems, depression, QOL. time to rehospitalization, engagement in care. No significant differences.

                	Strong
              

            
          


          
            

          


        



        be of strong quality [31, 48], five of moderate quality [30, 32, 33, 41, 46], and three were considered of weak quality [42, 44, 45].


        Eight articles described the use of cell or smart phone technology as the study intervention [31-33, 41, 42, 44, 45, 48], while two did not specifically describe the type of instrument used [30, 46]. The eight cell phone studies represented a variety of populations. Three articles described studies using text messaging in subjects with diabetes [32, 33, 42]; two of these were pilot studies [32, 42]. Three more pilot studies of text messaging were conducted with participants who were pregnant [41], overweight or obese [45], and in patients with hypertension [48]. One text messaging intervention was used in post-emergency department (ED) follow-up patients [31] and one pilot intervention study used IVR in healthy construction workers [44]. The two interventions that did not specify the type of phone included one study that made calls to women about mammography [30] and another using telephone IVR in individuals with diabetes [46].


        
          Table 5 Articles that included technology use in psychiatry with non-Hispanic populations.


          
            
              
                	First Author, Year

                Location

                Study Design

                	Sample Sizes/

                Population/Setting

                	Technology/Intervention

                	Comparators

                	Main Outcomes Intervention v. Comparators

                	Global Quality Rating
              

            

            
              
                	Allen, 2005 [30]

                USA, CA

                RCT

                	n=430 (I: n=219, C: n=211) Black and Hispanic women; general population near ambulatory care center

                	Telephone. Tailored telephone counseling calls to provide mammogram recommendation information.

                	Phone calls to inquire if participant had screening mammogram since enrollment.

                	Screening mammogram between baseline and 6-month follow-up. Self-report; more screening mammograms, but not significant. Predictors with significance: age, study group, prior mammograms, knowledge of age when women should begin regular mammograms.

                	Moderate
              


              
                	Arora, 2012 [32]

                USA, CA

                Cohort (Pilot)

                	n=23 resource-poor pts with diabetes, men and women, Spanish or English speaking; safety net population

                	Cell phone. Daily text messages, unidirectional, English or Spanish. Educational/motivational, medication reminders, healthy living challenges, trivia messages, phone link message to allow participants to call in for free tool for DM management.

                	None

                	Healthy behaviors, DM self-efficacy, medication adherence. All showed improvement. Diabetes knowledge. No change. Satisfaction scores. Favorable.

                	Moderate
              


              
                	Arora, 2014a [31]

                USA, CA

                RCT

                	n=328 (I: n=146, C: n=182) low-income English- and Spanish-speaking pts needing follow-up after ED visit

                	Cell phone. Text message appointment reminders, unidirectional, English or Spanish.

                	Usual care: written follow-up appointment reminders.

                	Post ED follow-up visits. Significantly improved.

                	Strong
              


              
                	Arora, 2014c [33]

                USA, CA

                RCT

                	n=128 (I: n=64, C: n=64) adult patients with poorly controlled diabetes; men and women, Spanish or English speaking, urban, public ED safety net population

                	ell phone. Daily text messages, unidirectional, English or Spanish. In addition to usual care. Educational/motivational, medication reminders, healthy living challenges, trivia messages.

                	Usual care: not defined.

                	HbA1C, medication adherence. Improvement, but not statistically significant. ED use in follow-up period. Decreased. Self-efficacy, self-care, diabetes knowledge, QOL. Also improved, not significant. ALL improvements. Greater in Spanish-speaking subgroup. Satisfaction scores. Intervention very highly rated.

                	Moderate
              


              
                	Evans, 2012 [41]

                USA, VA

                RCT (Pilot)

                	n=123 (breakdowns between I and C groups unavailable) low-income pregnant women, mostly Hispanic; county health department

                	Cell phone. Text messages providing prenatal education/tips + usual care.

                	Usual care: prenatal counseling and care.

                	Agreement with belief in preparation for motherhood. Significantly improved.

                	Moderate
              


              
                	Fischer, 2012 [42]

                USA, CO

                Cohort (Pilot)

                	n=47 low-income adult pts with diabetes; English and Spanish speaking; FQHC

                	Cell phone. Text messages, two-way: prompts for blood sugar measurement and appointment reminders; pts respond to both and also receive acknowledgement text. English or Spanish.

                	None

                	Response to text message prompts, including glucose data. High rate of response. Appointment attendance rates. No difference from pre-intervention rates.

                	Weak
              


              
                	Grzywacz, 2013 [44]

                USA, NC

                Cohort (Pilot)

                	n=119 Latino construction workers; non-probability sample; age 19+; general population

                	Cell phone IVR. VoiceXML application for participant entry of daily health diary information via keypad.

                	None

                	Adherence to diary keeping. Over one-third adhered; feasibility supported.

                	Weak
              


              
                	Kolodziejczyk, 2013 [45]

                USA, CA

                Cohort (Pilot)

                	n=20 adult, overweight or obese, English- or Spanish-speaking; general population

                	Cell phone. Tailored daily text messages (3-5) for 8 weeks + binder w/weekly weight management literature + weekly (10-15 min) counseling calls for encouragement/reinforcement. English or Spanish.

                	None

                	Weight, BMI. Significant decrease. Weight management behaviors. Significant increase. Feasibility and acceptability. Favorable.

                	Weak
              


              
                	Lorig, 2008 [46]

                USA, CA

                RCT

                	n=567 (Study (A) I: n=219, C: n=198 (to reinforcement study only: n=34; randomized to reinforcement study: n=116); Study (B) I: n=184, C: n=203 (all previously received SDSMP)) Spanish-speaking adults with type 2 diabetes; re-randomized from first study to second study; community settings

                	STUDY (A) No phone. SDSMP Community-based, peer-led, 6-week program. STUDY (B) Telephone IVR. Monthly reinforcement call: 1) greeting/participant rating of ability to manage DM in next month, 2) choice to listen or not listen to two 90-second vignettes, 3) opportunity to leave message. Staff member response to message, if needed.

                	(A) Usual care: ranging from community clinics to specialist care; (B) No reinforcement call.

                	(A) 6-month: HbA1C, health distress, hypo-/hyper-glycemia, self-efficacy. All significantly improved. (A) 18-month: same as 6-month plus self-reported global health, communication w/physician. All significantly improved. ALSO: physician and ED visits. Decreasing trend. (B) 18 month: Glucose monitoring. Significantly improved. Otherwise, no other significant differences.

                	Moderate
              


              
                	Sieverdes, 2013 [48]

                USA, SC

                RCT (Pilot)

                	n=10 (I: n=5, C: n=5) adult Hispanic pts with HTN, men and women 50/50; FQHC

                	Smart phone. SMASH app auto-collect home BP (BID every 3 days) + electronic med tray data (daily). Phone reminder for BP, med tray (or phone if needed) reminder for med. Abnormal data prompted contact from study coordinator or nurse. Written & oral adherence info provided to pts. Text, e'mail, or periodic voice motivational/reinforcement messages.

                	Usual care: not defined.

                	Provider and pt acceptability. High. Program adherence. Good to excellent. Resting BP. Significant improvement. Ambulatory BP. Improvement but not significant.

                	Strong
              

            
          


          
            

          


        


        Four studies focused on diabetes management. One article described improvements in healthy behaviors, self-efficacy, and medication adherence, but no improvement in disease knowledge [32]. A second article also reported improvements in these same areas, in addition to improved clinical outcomes, disease knowledge, and QOL, most notably in the Spanish-speaking subgroup, but all lacking statistical significance [33]. A third article reported a high response rate to prompting for glucose monitoring but no improvement in appointment attendance rates [42]. The last article in the diabetes management group described two studies, the first of which did not use phone technology but provided participants for the second study that did use technology. The latter study yielded significant improvement in glucose monitoring [46]. The remaining articles discussed studies that targeted a wide range of health outcomes. In one article, increased screening mammograms were reported. Though the increase itself was not statistically significant; some predictors with significance include age, study group, prior mammograms, knowledge of when to begin getting mammograms [30]. Significant improvements were demonstrated in post-ED follow-up visits [31], health beliefs regarding preparation for motherhood [41], and weight management behaviors and clinical indicators [45]. One study showed improvements in resting and ambulatory blood pressure (BP), with significance in the former outcome measure, as well high levels of program acceptability and adherence [48]. One final article discussed demonstrated adherence to health diary keeping [44].

      

    


    
      DISCUSSION


      This systematic review identified and evaluated studies using phone technology interventions in outpatient populations published between 2003 and 2014. Specific focus was placed on Hispanic patients and psychiatric populations. Using QATQS criteria [26], six articles were assessed as strong [29, 31, 34, 40, 47, 48], eight were moderate [30, 32, 33, 36, 37, 39, 41, 46], and seven were weak in global quality [35, 38, 42-45, 49].


      Studies included in this review demonstrate the variety of settings, patient populations, and health outcomes for which phone technology was used successfully. Eighteen studies yielded improvements in their outcome measures. Only two articles reported no improvements or equivocal results [38, 42] and one article reported no results at all, as it is an active study [49]. The types of phone technologies most frequently used in the articles were direct communication, in seven studies [30, 34-36, 39, 40, 47], text messaging, in seven studies [29, 31-33, 41, 42, 45], and IVR, in five studies [37, 38, 44, 46, 49]. Two other studies each used camera [43] and a smart phone application (app) [48]. Most articles specifying the use of cell phones were unclear as to type of phone, and only one study specifically mentioned the use of a smart phone intervention. Given the trend toward increasing smart phone ownership over basic cell phones [8], future studies would do well to capitalize on the myriad specialized functions of these communication devices.


      
        Phone Technology


        In studies with Hispanic participants, text messaging was the phone technology used most often, cited in six articles [31-33, 41, 42, 45], followed by direct communication, described in four articles [30, 34, 36, 40], IVR, in three articles [44, 46, 49], and smart phone app, in one [48]. These findings are in line with reported rates of cell phone ownership and use [5, 6]. In contrast, studies in psychiatry favored direct communication, usually in the form of some sort of phone-based counseling or education, and cited in six studies [34-36, 39, 40]; IVR was used in three articles [37, 38, 49], while text intervention was discussed in only one article [29], as was cell phone camera [43]. The preference for direct communication is not surprising in a field where face-to-face meetings are the treatment norm. Though text messaging was only used in one article for psychiatry, the success of this type of intervention in Hispanics suggests that this form of technology could be helpful in other populations as well.

      


      
        Patient Populations


        All reviewed articles described studies conducted in outpatient populations in the U.S. except one, which took place in Ireland. Two-thirds focused on Hispanics [30-34, 36, 40-42, 44-46, 48, 49] and over half were in psychiatric settings or targeting psychiatric outcomes [29, 34-40, 43, 47, 49]. In contrast to previous reviews, this represents an increase in and, possibly, a trend toward technology research in populations where health disparities and stigma have previously been barriers to care.

      


      
        Health Outcomes


        The main outcomes reported by the studies in this review were quite varied, yet common threads were found among articles. The four articles that focused on psychiatric issues in Hispanics [34, 36, 40, 49] discussed depressive symptoms, QOL, and depression care, though one article did not publish results as the study was still ongoing [49]. In each of the three articles presenting results, health outcomes showed improvement with the intervention, although one article reported positive results in both the intervention and comparator groups [36].


        In the seven articles discussing interventions for psychiatry in non-Hispanics [29, 35, 37-39, 43, 47], outcomes measured included depression and PTSD symptoms, substance use issues, medication adherence, treatment continuation, QOL, ED use, time to rehospitalization, and engagement in care. Four of these articles [29, 35, 39, 43] reported improvements in health outcomes due to the intervention. In one study medication adherence was not significantly impacted but age was determined to be a confounder [38], and in another no significant differences were noted in any of the PTSD outcomes reported [47]. Two pilot studies were included in this group and yielded good results with interventions in substance-use populations [29, 37].


        The grouping of ten articles where interventions were studied for other healthcare specialties in Hispanic populations [30-33, 41, 42, 44-46, 48] described the most diverse set of outcomes, with positive results attributed to the interventions in six of the studies. Significant outcomes were reported in healthy behaviors, self-efficacy, and medication adherence [32], appointment adherence [31], health beliefs [41], weight management [45], glucose monitoring [46], and resting blood pressure [48]. One study reporting improvements in numerous outcome areas noted that all improvements were greater in the subgroup of Spanish-speakers, though none were of statistical significance [33]. This grouping of articles also contained six pilot studies [32, 41, 42, 44, 45, 48] that, in addition to reporting positive results, demonstrate acceptability and feasibility.

      

    


    
      SUMMARY


      Results from the studies conducted in Hispanic populations demonstrate that the use of mobile phone technology was successful and feasible across a variety of disciplines, providing evidence of positive, if not significant improvements in health outcomes. In particular, studies using text messaging interventions yielded promising results, showing that Hispanics can be targeted using this form of technology to achieve improvements in health behaviors and overall personal healthcare. A smart phone app was also shown to be a promising intervention in the Hispanic population. Overall, the literature indicates that Hispanics, as a group, are receptive and responsive to the more advanced technological features of mobile phones, and more interventions using these technologies should be undertaken.


      The articles in this review also demonstrate that psychiatry, as a discipline, has not fully embraced all that technology has to offer. This is evident in the prevalence of more basic telephone and mobile modalities, such as voice and IVR, in the studies. The successful intervention among the psychiatry-focused studies using text messaging provides support for the use of more advanced mobile technology in psychiatry. Despite efforts toward reduction, a great deal of stigma surrounding mental illness remains that can, and often does, directly influence care access and continuity. The evidence shown in the literature suggests that the use of advanced mobile and smart phone technologies could provide a bridge to pharmacological and non-pharmacological treatment and appointment adherence, as well symptom reduction and improved mental well-being. Benefits realized in other disciplines, such as improvements in health attitudes, beliefs, and behaviors, including better symptom monitoring, could also be achieved in psychiatry if mobile technologies were exploited to their full capabilities.

    


    
      LIMITATIONS


      This review contained several limitations. The review included only English language articles and all studies but one were conducted in the U.S., which may introduce bias. Since phone technology is evolving at such a rapid pace, this review may not have captured very recent studies that may quickly be changing the state of the science. A meta-analysis was not done in this review due to the clinical diversity of the articles.

    


    
      CONCLUSION


      While studies have been conducted on the use of cell and smart phone interventions, few of them have focused on Hispanic patients and psychiatric populations. The articles in this review show that various types of phone technology can be helpful to patients in diverse populations. Text messaging, IVR, direct communication and smart phone app interventions have all demonstrated success in improving a variety of healthcare outcomes in these populations. These technologies can positively influence medication adherence, appointment attendance, QOL and engagement in care. Because of the high levels of ownership and generally low costs of interventions such as text messaging and smart phone apps, phone technologies can be easily adapted to numerous settings and populations and are valuable tools in efforts to increase access to care.
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