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Abstract

The objective of this integrative review was to describe current US trends for health technology-

enabled adherence interventions among behaviorally HIV-infected youth (ages 13–29 years), and 

present the feasibility and efficacy of identified interventions. A comprehensive search was 

executed across five electronic databases (January 2005–March 2016). Of the 1911 identified 

studies, nine met the inclusion criteria of quantitative or mixed methods design, technology-

enabled adherence and or retention intervention for US HIV-infected youth. The majority were 

small pilots. Intervention dose varied between studies applying similar technology platforms with 

more than half not informed by a theoretical framework. Retention in care was not a reported 

outcome, and operationalization of adherence was heterogeneous across studies. Despite these 

limitations, synthesized findings from this review demonstrate feasibility of computer-based 

interventions, and initial efficacy of SMS texting for adherence support among HIV-infected 

youth. Moving forward, there is a pressing need for the expansion of this evidence base.
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Introduction

An estimated 955,081 persons were living with human immunodeficiency virus (HIV)-

infection in the US, at the end of 2014 [1]. HIV-infected ethnic minority adolescents and 

young adults, bear a disproportionate burden of disease [2] with young black men who have 

sex with men (MSM) ages 15–29 years of age, accounting for (16.3%) of the 39,515 new 

HIV diagnoses in 2015 [1]. Staggering disparities along the HIV care cascade exist for HIV-

infected youth living in the US including lack of sustained HIV RNA viral suppression, 

adherence to antiretroviral therapy (ART), and retention in care [3, 4]. Antiretroviral therapy 

is recommended for all HIV-infected individuals irrespective of HIV biomarkers [5], and 

optimal HIV disease management is contingent upon high levels of adherence, greater than 

>95% to prescribed unboosted protease inhibitor (PI) containing ART regimens, and 80% 

adherence for boosted PI ART regimens [6, 7]. However, despite the availability of effective 

ART, estimates of HIV RNA viral suppression range from 30.5% [4] to less than six percent 

among HIV-infected youth [3], and uncontrolled HIV replication imposes an increased risk 

of morbidity and mortality at all CD4-T lymphocyte strata [8].

Recently, conceptualization of ART adherence has been broadened to include early 

engagement and sustained retention in HIV care [5]. Yet nearly 60% of youth initiating ART 

are not retained in care [3], thereby impairing access to HIV medications and increasing risk 

for ART resistance [9], treatment failure [9, 10], patient mortality [11, 12], and sexual 

transmission to seronegative partners [13, 14]. To date, technology-enabled interventions 

have shown promise for a range of chronic conditions [15], including HIV-in-fected 

adolescent, young adult, and adult cohorts from domestic and international settings [16–21]. 

However, much less is known about the impact of health technology-enabled interventions 

on the HIV care cascade [22] with significant knowledge gaps in research targeting ART 

adherence and retention outcomes among HIV-infected youth [23].

Mobile and or electronic health technologies represent a viable option to deliver behavioral 

interventions targeting ART adherence [17, 24] and also to reach, engage and retain young 

adults in HIV prevention and care [25]. Reported benefits include a more efficient use of 

provider resources, increased reach for hard to access populations [26], and potential to 

mitigate barriers, including travel to healthcare settings [27]. Increased technology use has 

been reported in HIV-infected youth [28, 29], with the cell phone described as the preferred 

route for communication with a healthcare provider and the internet being the first choice for 

obtaining health related information [28, 29]. These findings are consistent with current US 

trends of expanded technology use and ownership, including cell phone and internet use 

among adolescents and young adults [30–32] with increased patterns of smartphone use 

among US ethnic minority youth [33].

Widespread belief exists that technology has the potential to transform healthcare 

management, yet large-scale implementation is not possible without an adequate evidence 

base [34]. Recent literature reviews including cohorts of HIV-in-fected youth provide 

evidence on interventions for ART adherence [35], service delivery for linkage, retention 

and ART adherence [36], and trends in technology use [25]. However, individual studies 

within each of these reviews represent a broad range of outcomes and populations [25], 
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domestic and international settings [25, 35, 36], and a range of delivery modes with and 

without technological platforms [35]. Therefore, critical appraisal and synthesis of data 

extracted from a more homogenous body of evidence is a vital first step to inform the 

development of effective health technology-enabled interventions for support of HIV-

infected youth progressing through the HIV care cascade. Hence, the objectives of this 

integrative review are to: (1) describe current US trends in the development and testing of 

health technology-enabled interventions for support of ART adherence and or retention in 

HIV care among behaviorally HIV-infected adolescents and young adults (ages 13–29 

years), and (2) present the feasibility and efficacy of identified interventions, including 

recruitment settings and strategies.

Methods

The methodological development for this integrative review was guided using criteria from 

Whittemore and Knafl’s framework [53] and the Preferred Reporting Items for Systematic 

Review and Meta-Analyses (PRISMA) guidelines [37]. The integrative review framework of 

Whittemore and Knafl [53] provides a systematic, method for combining diverse data 

sources using a narrative analysis. A primary goal of this methodology is for a synthesis of 

the evidence, through application of strategies for data evaluation, and analysis (data 

reduction, data display, data comparison, conclusion drawing, and verification).

Literature Search

Development of the Search Strategy and Search Results—We conducted a 

comprehensive search of five electronic library databases, including PubMed, CINAHL, 

EMBASE, PsycINFO, and Web of Science to identify relevant studies published between 

January 1, 2005–March 18, 2016. The final search strategy with search terms shown in 

Appendix reflects results of an iterative process generated during a four-month period, and 

distinct for each of the five electronic article databases. Subject headings and Medical 

Subject Headings (MeSH) terms unique to each database were extracted from citations 

retrieved during the initial search phase, and relevant terms were continually added to build 

the search strategy. Manual reference searches of citations within identified systematic 

reviews were also conducted. Retrieved citations (N = 1911) were downloaded to EndNote 

X7, and then copied to Covidence software program for management of systematic reviews 

(https://www.covidence.org/). A total of 541 duplicates (defined as studies with exact author, 

publication year and title) were identified and removed using Covidence software (n = 450) 

and manual searching of the data set (n = 91), resulting in 1370 potentially relevant studies.

Inclusion and Exclusion Criteria—Published studies were eligible for inclusion if they 

were primarily quantitative or mixed methods, domestic, intervention studies using a 

technology platform for support of ART adherence and or retention in care among 

behaviorally HIV-infected adolescents and young adults (ages 16–29 years). Qualitative 

studies were excluded because this integrative review was specific to research studies with 

published results of primary health technology-enabled, HIV adherence interventions.

More specifically, we defined adolescence and young adulthood as representing the age 

groups of 13–18, and 19–24 years of age, respectively (http://www.ncbi.nlm.nih.gov/mesh/
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68000293) (http://www.ncbi.nlm.nih.gov/mesh/68055815), as per PubMed’s categorical 

limits. Extension of the upper age limits from 24 to 29 years to define young adulthood was 

performed for consistency with the present US epidemiologic trends of HIV-infection [1].

Operational Definitions of Primary Search Terms

Technology platforms entailed any electronic device applied for health communication. 

Broad search terms specific for each article database were used to identify the full scope of 

delivery platforms (Appendix).

HIV-infected adolescents and young adults. Although the focus of this search was on youth 

with behaviorally acquired HIV-infection, studies with samples of both perinatal (mother to 

child HIV transmission) and behaviorally HIV-infected youth were included if ≥ 50% of the 

study sample were described as behaviorally HIV-infected. Pre-exposure prophylaxis (PrEP) 

intervention studies were excluded because samples include individuals at risk for, and or 

exposed to HIV-virus, and not HIV-infected individuals.

Adherence to ART was operationalized using indirect and direct outcomes with indirect 

measures such as self-report [38, 39], pharmacy refill [40] and HIV biomarkers being 

commonly applied in clinical research studies, and eligible for inclusion. Although less 

frequently applied, studies using direct adherence measures were also eligible for inclusion, 

such as therapeutic drug monitoring [39].

Retention in care. To date, there is no gold standard for measuring retention in care, and 

therefore selection of a retention measure may be tailored to context [41] with broad 

outcome criteria accepted in published studies. For example, retention outcomes have 

included proportion of kept to scheduled visits (range 0–100%) [41, 42] or achieving a 

minimum number of visits during a specific time period, as proposed by both the Institute of 

Medicine (IOM) and US Department of Health and Human Services (HHS). More 

specifically, retention indicators used by the HHS in 2014 entail one or more medical visits 

every six months during a 24-month period [43], in comparison to the recommendations by 

the IOM expert committee defining retention as completing two or more routine HIV care 

visits, at least 90 days apart during a 12-month period [44]. Strong agreement between these 

two retention indicators exists, irrespective of distinctions [45]. When available, biomarkers 

have also been applied as a retention proxy with being retained in care defined as two or 

more CD4-T lymphocyte counts or HIV viral loads measured at least three months apart 

[46].

Screening for Initial Inclusion: Title and Abstract Evaluation

Titles and abstracts of the data set (n = 1370) were screened for relevance and initial 

inclusion by the primary reviewer. Studies meeting the broad list of inclusion criteria were 

coded as ‘yes’. A code of ‘no’ was assigned for any one of the following reasons: non-

experimental design, conducted outside of the US, and or with outcomes not specific to 

adherence and or retention in care. Titles and or abstracts explicitly stating that the sample 

population was primarily perinatally HIV-infected or HIV-exposed, and or the adherence 

intervention included PrEP were also assigned to a ‘no’ category. A code of ‘maybe’ was 

assigned if eligibility was questionable based on the title and or abstract review. Because it 
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was not possible to determine age of the sample population from the title and or abstract, age 

limits were not imposed during this stage. Results from the initial screening reduced 

potentially relevant sources from 1370 to 375 (coded as yes and maybe) by focusing the 

review and excluding 995 irrelevant studies.

Screening for Full Inclusion: Full Text Review

During this stage, the primary reviewer was assisted by two trained, graduate educated 

reviewers to independently evaluate the 375 potentially relevant studies for final inclusion or 

exclusion by applying the full set of priori inclusion/exclusion criteria. Additionally, 

systematic reviews meeting inclusion criteria were hand searched to determine if included 

studies met criteria for eligibility. Justification for exclusion of all studies were recorded and 

discussed. A total of eleven studies met the full set of priori inclusion criteria. However, two 

of these studies were excluded because they were abstracts [47, 48] representing preliminary 

work of two intervention studies meeting full inclusion criteria [49, 50], thereby resulting in 

a final sample of nine relevant studies (See Flow Diagram of Study Selection—Fig. 1).

Data Evaluation

Quality appraisal of each study was independently performed by two content experts 

specializing in HIV care and health technology, respectively, using the National Institutes of 

Health (NIH) Quality Assessment Measures [51] (http://www.nhlbi.nih.gov/health-pro/

guidelines/in-develop/cardiovascular-risk-reduction/tools/). Selection of the NIH assessment 

measure was specific for the study design of the data source and in this review included 

Quality Assessment Tools for: pre-post no control group, controlled intervention, and 

observational cohort studies. Assigned quality ratings within this appraisal system are 

classified as good, fair or poor. In general, studies with a good rating have the least risk of 

bias, and results are considered to be valid. Studies deemed as fair are susceptible to some 

bias, yet not sufficient to invalidate its results and studies with a poor rating indicating 

significant risk of bias. (http://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/

cardiovascular-risk-reduc tion/tools/background). If the independent ratings differed, then 

reviewers discussed the article in an effort to reach consensus. If consensus was not 

achieved, then the article was forwarded to an arbitrator, a senior methodologist, for quality 

adjudication [52]. We did not exclude any papers based on assigned quality rating and 

instead quality scores were included as a variable in the data analysis stage. Reports with 

poor and fair quality ratings contributed less to the analytic process [53].

Data Analysis

A comprehensive and objective interpretation of the studies was conducted for synthesis of 

the identified evidence, and achieved by data reduction, extraction and display [53]. 

Beginning with the development of a classification system specific to HIV technology 

intervention studies for adherence support/retention in care, similar data were extracted from 

each individual source and displayed using matrices, allowing for systematic comparison of 

select variables such as methodological design, content, and study results, characteristics of 

the sample populations/settings, recruitment, operationalization of adherence, and 

components of the HIV technology interventions (i.e., delivery platform, theoretical 

framework, dose, frequency). In addition to making contrasts and comparisons, other 
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elements of data analysis entailed clustering and counting, subsuming particulars into 

general and building a logical chain of evidence [53].

Presentation of Results

Overview of Study Sample

The final sample yielded a total of nine citations (Table 1). Identified studies were published 

between 2006 and 2016 with eight of these nine studies published during the years of 2012–

2016. Among the sample, 77.8% (n = 7) represent pilot work [49, 50, 54–58] with sample 

sizes ranging from eight [56] to 105 participants [59]. More specifically, five of these seven 

pilots included total study samples of ≤25 participants with a shared sample in two of the 

pilots [49, 50]. Randomized control study designs were implemented in 33.3% (n = 3) [24, 

54, 59] with the RCT conducted by Garofalo et al. [59] representing the largest sample of 

the cohort (n = 105).

Quality of Included Studies

Quality assessment assignments based on the NIH Assessments Measures ranged from fair 

[49, 50, 54, 55, 57, 59] to poor [24, 56], with insufficient data precluding appraisal of one 

study [58]. Threats to internal validity for non-randomized control pilots with a fair quality 

rating included no justification for sample size [49, 50, 55, 57], measurement of pre-test 

outcome measures at one single data point [49], and no objective adherence outcome 

measures [50]. Among the three identified randomized control trials, examples of threats to 

internal validity were attrition bias with no intent to treat analysis [24, 54], and lack of 

allocation concealment and/or blinding [59]. Other limitations included statistically 

significant baseline differences in total number of HIV medications [59]. Additionally in one 

RCT, while not significant due to low statistical power, there were substantial baseline 

differences between intervention and control conditions on participant route of HIV 

transmission [24]. A quality rating of poor was assigned to two of the nine studies with 

increased risk of bias due to attrition of greater than 50% of the sample population [56] and 

analysis of only completers [24].

Patient Characteristics & Settings

The nine studies represented 275 HIV-infected youth with a mean age of 21.85 years (SD = 

1.74), identified as predominantly African American (71.27%) and Hispanic (16.36%), and 

male (80.0%) gender. Of these 275 HIV-infected youth, route of HIV transmission was 

behavioral (84.4%), perinatal (11.6%), and 4.0% with an unknown/other route of 

transmission. Sample size, race, gender and transmission route were not described in one 

study [58]. Sample populations exclusive to behaviorally acquired HIV-infection were 

observed in three of the nine studies [54, 55, 57] with total sample populations of 14 and 10, 

in two of these pilots [57] and [55].

Sexual orientation was reported in only 22.2% (n = 2) of the studies [54, 55] with each 

describing more than half of the sample populations as homosexual. Highest level of 

education ranged from elementary school to some college as per three studies [54, 55, 59]. 

Substance use/abuse screening results were reported in two studies [56, 59] with a 
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psychometrically valid and reliable tool (ASSIST) used in one study [59]. Of note in 

Garofalo [59], more than half of the sample reported moderate to high-risk marijuana usage 

during the past three months, and high depressive symptomology was observed in 41% of 

study participants as measured using the Brief Symptom inventory (BSI). None of the nine 

studies reported on health insurance coverage, and employment status was described in only 

one study [55] with six of the ten participants working ten or more hours per week. Barriers 

to ART adherence were solely described in one study [57] with pharmacy (i.e., difficulty 

picking up refills) and lifestyle issues (i.e., homelessness, substance use), and physical or 

emotional side effects of ART treatment being among some of the challenges described by 

study participants.

Recruitment Sites and Strategies

Health care settings were the recruitment sites for all nine studies. Three studies recruited 

from National Institute of Health (NIH) Adolescent Trials Network (ATN) for HIV/AIDS 

Interventions centers including locations in New York, Pennsylvania, Louisiana, Florida, 

Washington DC, Tennessee, Illinois, and California [24, 54, 55]. Among the three studies 

recruiting from ATN sites, each used one or more ATN site with patient recruitment from 

eight ATN sites in one study [54]. Recruitment strategies were described in two of the nine 

studies [57, 59] and entailed posting/flyers and or palm cards [57, 59], and referral from 

local HIV centers [57]; details of recruitment methods were not described in the remaining 

seven studies. Additionally, recruitment efficacy assessed with recruitment rates or the ratio 

of recruited to eligible participants [60] was not provided in any of the nine studies.

Characteristics of the Technology Interventions

The cell phone was the most common delivery platform for adherence interventions with 

SMS text-message reminders representing the most frequently applied delivery mode [49, 

50, 58, 59], followed by live telephone support [24, 56]. In the remaining three studies, 

computer delivered interventions were tested [54, 55, 57].

Frequency of Contact—Diversity in cell phone contact was observed ranging from 

weekday cell phone conversations occurring once or twice daily for 24 weeks [24] to calls 

delivered daily during the first four-week study period, followed by an incremental tapering 

during the remaining eight weeks of the intervention period [56]. SMS text messaging 

adherence interventions were consistent with messaging delivered daily, typically interactive 

[49, 50, 58] and personalized [49, 50, 58, 59], despite variability in the total number of text 

messages sent. Among the computer-based interventions, Naar-King et al. [54] and Outlaw 

et al. [55] used two interactive sessions with the telehealth intervention conducted by Saberi 

et al. [57] implementing one virtual session.

Theoretical Frameworks

Interventions, including two-way text messaging [59] and daily phone calls with an 

adherence facilitator [24] were guided by social cognitive, and social support theories, 

respectively. Motivational interviewing approaches were implemented using computer 

technology in two studies within this sample [54, 55]. Theoretical frameworks were not 

reported in five studies [49, 50, 56–58].
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Feasibility and Preliminary Efficacy

Feasibility studies are conducted to establish if an intervention is suitable for further 

evaluation [61]. Respective study authors reported the feasibility of SMS text messaging [49, 

50, 58, 59], cell phone reminders [24, 56], and computer delivered interventions [54, 55, 57, 

59]. However, supporting criteria for the establishment of intervention feasibility varied, 

including four studies designed to assess changes in post-intervention adherence outcomes 

[24, 49, 54, 59].

Texting—Feasibility of two-way texting for adherence support was shown in LaGrange 

[58], as participants described no interruption of lifestyle and or daily activities. However, 

details of the total number of study participants and or response rates were not available. In 

two studies from the same author, interactive text messaging was also described as feasible 

based on participant satisfaction and/or retention in the study [49, 50]. However, participant 

response rates to texts were 57.4% [50] and 48% [49], respectively. Findings from Garofalo 

et al. [59] also demonstrated participant acceptability, and satisfaction with a two-way, 

personalized texting intervention, and response rates were similar to Dowshen et al. [50] 

with a 58% average response rate to text messages.

Preliminary efficacy of SMS texting was demonstrated in two studies [49, 59] with 

statistically significant post-intervention improvements in self-reported adherence at 24 

weeks in both studies (Table 1).

Computers—Feasibility of a computer based motivational intervention was reported by 

Outlaw et al. [55] with all ten participants completing both sessions, and the majority 

reporting high satisfaction with each of the two sessions. Saberi et al. [57] and colleagues 

tested a onetime telehealth medication counseling session to fourteen HIV-infected 

participants and most youth described the intervention as convenient, comfortable and 

private [57]. Similarly, a computer delivered motivational intervention using avatars was 

described as feasible based on participant acceptability and satisfaction [54]. In addition to 

feasibility, the authors of this study describe preliminary efficacy. Medium to large effect 

sizes for 7-day self-reported adherence (d = 0.49; p < 0.05) and weekend adherence (d = 

0.66; p < 0.01) were observed with smaller effect sizes seen for viral load suppression at 

three (d = 0.09) and six months (d = 0.28) [54].

Cell Phones—Support for the feasibility of cell phone reminder calls for adherence 

support in a pilot conducted by Puccio et al. [56] was described as participant perceptions of 

low-level intrusion, helpfulness, and practicality of calls. Yet only five of the eight 

participants were able to complete the study intervention through week 24. Post intervention 

adherence and virologic outcomes were reported and presented as non-aggregate data.

Preliminary efficacy of daily cell phone conversations with non-adherent youth was 

supported by study findings of statistically significant changes in self-reported adherence (p 

= 0.007) and HIV RNA viral load (p = 0.04) at 24 and 48 weeks, and medium to large effect 

sizes in these adherence outcomes [24]. However only 63.1% (12/19) of participants 

completed the intervention in comparison to 94.4% (17/18) of controls receiving standard 

care alone.
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Operationalization of Adherence

Although conceptualization of adherence has been expanded to include retention in HIV 

care [5], retention in care was not a reported study outcome in any of the nine studies 

included in this review. Among the four studies defining adherence to ART, distinctions in 

conceptualization and operationalization were observed [24, 49, 50, 59]. For instance, in two 

randomized control trials, dichotomous variables of < 90% or ≥ 90% were used to 

characterize non-adherence or optimal self-reported adherence, respectively [24, 59]. 

Indirect measurement was the primary means for assessing ART adherence with self-report 

using the visual analogue scale (VAS) [24, 49, 50, 54, 59], and self-report of missed doses 

[54, 56, 57], the most common assessment methods. Specific methodology used to assess 

adherence was not specified in two of the nine studies [55, 58] (Table 2).

Recall time frames for assessment of self-reported ART adherence were also incongruous 

among studies (Table 2). Frequency of adherence assessments varied among these studies 

with single [57] to multiple data collection time points [24, 49, 50, 54, 56, 59].

HIV biomarkers such as HIV RNA viral load, or both HIV RNA viral load and CD4-T 

lymphocyte counts were reported in a total of six [24, 49, 54, 56, 57, 59] and two of the nine 

identified studies, respectively [49, 57]. Length of study follow-up varied considerably 

among studies ranging from 30 days [58], to 24 [49, 50, 54, 56] and 48 weeks [24], or one 

year [59].

A formal meta-analysis was considered, but not conducted, since there was too much 

heterogeneity in interventions, study outcomes, and other methods for the pooling of effect 

sizes to be useful.

Discussion

The purpose of this review was to describe the state of the science regarding US health 

technology-enabled interventions for support of ART adherence and or retention in HIV care 

among behaviorally HIV-infected youth, and our results highlight a body of evidence that is 

largely in development. Technology-enabled interventions for adherence support have only 

recently been tested in HIV-infected adolescents and young adults, and although promising, 

synthesis of the findings from the nine identified primary studies reflects a paucity of 

published peer-reviewed evidence in the US during the past decade. In fact, the evidence 

base for adherence interventions and recent trends of intervention research are 

disproportionate to the needs of this population [23, 35, 36]. Hence, the ability to generate 

broad recommendations from this review is limited. Nonetheless and unlike other recent 

reviews of ART adherence, our sample is distinguished by studies with homogenous study 

outcomes (ART adherence) and intervention delivery modes (i.e., all are technology 

enabled), and clinical settings within the US health care system. Additionally, our target 

population is exclusive to HIV-infected adolescents and young adults within a similar age 

range, thereby allowing for synthesis of shared patterns and characteristics.
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Feasibility and Preliminary Efficacy

Synthesis from identified published studies during the past decade highlight preliminary 

evidence for the feasibility of computer-based and SMS texting interventions, including 

efficacy of SMS texting for adherence support among HIV-infected youth ages 16–29 years. 

Of note was a low response texting rate across three studies [49, 50, 59]. Given that text 

messaging is the primary mode for communication with friends among US adolescents [32], 

the observed low response rates in study participants may be related to the competing 

demands of daily, repeated social text messaging exchanges among peers.

There is minimal evidence to support the feasibility and or efficacy of cell phone 

interventions for adherence support among HIV-infected youth. In the two studies that 

evaluated cell phone interventions, significant challenges retaining participants were 

experienced, raising questions about the feasibility for this population and weakened the 

strength of conclusions that can be drawn about intervention efficacy. It is however 

important to note that the pilot conducted by Puccio et al. [56] was published over a decade 

ago, representing an important and initial step to testing a cell phone intervention for HIV-

infected youth in the US. Moreover, the sample population in the Belzer et al. [24] study had 

very low baseline adherence rates with high HIV-RNA viral load levels and non-completion 

among nearly 40% of HIV-infected youth randomized to the intervention arm [24]. These 

results are not surprising given that non-adherent, HIV-infected youth are often the most 

challenging to recruit and retain in a clinical trial, despite being likely to benefit from 

participation.

Additional considerations for using cell phones in HIV clinical trials are related to the 

current trends among US teens of reserving phone calls for their closest relationships [32]. 

Hence, until more data is obtained, synchronous phone calls with providers may not be the 

most practical health technology delivery model for adolescents and young adults. Careful 

and deliberate thought must also be given to maintaining privacy as it is more difficult for an 

adolescent/young adult to be discreet during a phone conversation versus communication 

with other forms of technology (i.e., text messaging).

Recruitment & Sample Size

None of the included studies described any recruitment challenges and or difficulty 

identifying patients. Recruitment rates were not provided, nor was the similarity between 

recruited samples and eligible non-recruits reported. Although the reasons for study refusal 

are not described in any of these nine HIV studies, recruitment challenges among African 

Americans date back to nearly two decades ago [60]. Moving forward, it is essential to gain 

knowledge of the factors leading to non-participation of study eligible, HIV-infected youth 

in clinical research trials.

Of further note, in each of the nine studies, recruitment was performed within a health care 

setting and in some studies, participants were recruited from more than one clinical setting 

[24, 54, 55, 58, 59]. Yet the sample size in all but two studies [54, 59] was less than or equal 

to 37 participants, a trend consistent with other reviews reporting on HIV-infected youth [35] 

and distinct from adherence interventions conducted with HIV-infected adults [62, 63]. 
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Clearly larger and adequately powered clinical trials are needed, but we will first need to 

identify improved mechanisms for recruitment outside of clinical settings including peer-led, 

and community based strategies. Moreover, this data sample included a population that was 

primarily black, male and with behaviorally-acquired HIV-infection. Although these 

characteristics are certainly consistent with the epidemiologic trends in the US, research 

studies inclusive of other hard to reach populations are needed. Transgender youth, young 

female sex workers and offenders are poorly represented in the HIV-literature and one 

potential strategy to increase reach is to develop research networks with academic 

institutions and clinics that provide services to these populations [23]. HIV-testing centers 

offer another prospective avenue for identification and recruitment of newly infected 

adolescents and young adults, opening the doors for access to treatment and research 

interventions to improve adherence and retention upon diagnosis [64]. Internet-based 

recruitment has been tested among HIV-infected adolescents, however further evaluation is 

needed before recommendations can be made [65]. Development of multidisciplinary teams 

with engagement of community stakeholders is key to retaining study participants, and will 

necessitate removal of institutional barriers to staff and faculty diversity [66]. Hence, an 

overall reversal in the current patterns for underrepresentation of HIV-infected youth in 

clinical research trials will be contingent upon a robust research agenda aimed to foster 

collaboration between academic and clinical settings, and also with HIV-infected youth.

Substance Use and Depression

The prevalence of illegal substance use among HIV-in-fected adolescent and young adults 

use is approximately 63%, when assessing usage during the past year, and nearly double that 

of HIV-seronegative counterparts [67]. Depression is another important challenge facing this 

population with reported estimates of 34.3% [68], and therefore it is not surprising that 

substance use and depression represent important confounders of ART adherence and 

retention in HIV. It was, however, remarkable that only two of the nine studies report on 

psychosocial characteristics of sample populations, including frequency of substance use 

and depression. Among these studies, moderate to high-risk marijuana usage and depressive 

symptomatology among HIV-in-fected youth was reported, with the adherence trajectory in 

the intervention arm moderated by these symptoms during the 12-month follow-period [59]. 

These findings are consistent with evidence from a large multi-site study, demonstrating that 

adolescent and young adult participants least likely to be adherent had higher psychological 

distress and used marijuana weekly. More specifically, a frequency of substance use 

variable, marijuana use during the past 3 months, was the strongest independent predictor of 

ART adherence, yielding moderate effect strength sensitivity [6].There is also compelling 

evidence to show that as the number of psychosocial conditions increases, there is a 

decreased likelihood of ART adherence [69].

Current and Future Trends of Health Technology-Enabled ART Interventions

In the present data set, text messaging, cell phone calls, and computers, including 

interactions with a relational agent and videoconferencing, were tested for ART support, 

with varying levels of success. Surprisingly none of these studies employed or investigated 

simple standard alarm mechanisms, often used by people to remind themselves of a wide 

range of events (including the taking of medication), as a form of intervention or control. 
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Although the standard timing of calls or texts, may serve as a form of alarm, in some 

respect, the autonomy/self-actualization employed in using a standard alarm might have its 

own merits. Additionally, and of note, many of the studies in this data set combined 

technology and human interventions, as opposed to sole reliance on the technology. Hence, 

there is a need for additional research to determine the potential efficacy of technology 

applications alone, or to guide the type, timing, or duration of such interventions.

As smartphones have advanced and their adoption has become near-ubiquitous among 

millennials [70] and across most age, gender, and socio-economic groups, each of these 

modalities (alarms/reminders, voice, text, relational agents, and video conferencing) can 

now be readily experienced by most individuals, at any time. However, a range of limitations 

to technological interventions include: power; cell phone plans (bandwidth, minutes, 

expense); maintenance and effort engaging with service providers; durability/functionality 

due to breakage/screen; and loss, theft, or confiscation [71]. Some of these limitations may 

be more prominent among sample populations in HIV-in-fected adolescents and young 

adults.

Moving forward as technologies continue to evolve, personal tools and strategies (i.e., those 

used by the quantified self-movement, including gamification) have been used for a wide 

range of behavioral support. These range from internet of things (IoT) devices to the 

emerging proliferation of personal robots [72, 73] and relational agents [74, 75]. Irrespective 

of the health technology used, it important to note that each has unique advantages and 

disadvantages when used as a delivery platform for adherence interventions. Although some 

of the included interventions showed preliminary efficacy, questions that remain are the 

optimal dose including treatment intensity, frequency and duration.

Theoretical Frameworks and Developmental Considerations

Frameworks to inform the technological aspects of interventions are important [25] and yet 

were not cited in more than half of the identified interventions. These findings are consistent 

with current trends in published HIV technology intervention studies as few have referenced 

theoretical or conceptual frameworks, thereby limiting our understanding of key components 

of successful behavioral interventions [18, 26]. Similarly, the development of theoretical 

frameworks for mobile messaging is described as a relatively new phenomenon, and 

evolving from various related fields [76], including social network theories [77].

Mobile health messaging studies also tend to focus mostly on the procedural effect of the 

intervention, as compared to examining the art of messaging itself and learning about the 

types of messaging perceived as informative or irritating, and for what specific populations 

[76]. Moreover, there is a need for technology enabled-inter-ventions tailored to the 

developmental stage and age of the young person, versus design of a platform for use with a 

wide-ranging age span [25].

Adherence and Retention Outcomes

Heterogeneity in the operationalization of ART adherence was illustrated by our study 

findings, demonstrating the range in adherence assessment item content, format, and 

response options with HIV-infected individuals [38]. Although adherence is a difficult 
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construct to operationalize due to the absence of a gold standard in its measurement [78, 79], 

greater congruence between adherence definitions in research and clinical evidence is 

needed. For example, levels of adherence to unboosted PI containing regimens has been 

established as greater than 95% with more recent evidence to show that 80% ART adherence 

to boosted PI regimens may be sufficient for optimal virologic control [7]. Yet these 

adherence levels were not applied in the four studies defining optimal and or suboptimal 

adherence [24, 49, 50, 59]. Instead, a cut-off of greater than or equal to or less than 90% was 

applied when dichotomizing optimal or sub-optimal self-reported ART adherence [24, 59]. 

Definitions of virologic suppression or failure were also inconsistent among primary sources 

in this data sample and moving forward, parameters applied in research studies should 

conform to established guidelines from the Department of Health and Human Services 

(DHHS). Presently virologic suppression is defined as a confirmed HIV RNA level below 

the level of detection of available assays, and virologic failure as the inability to achieve or 

maintain suppression of viral replication to an HIV RNA level < 200 copies/mL [5].

Conceptualization of adherence has been broadened to include retention in care [5], yet 

study outcomes in this data set were exclusive to ART adherence. Our findings are 

consistent with evidence from recent peer-reviewed publications also demonstrating a weak 

evidence base for support of adolescents’ linkage, retention and adherence behaviors [36], 

and effective approaches to retain youth [80]. Findings from a recent retrospective analysis 

[81] are concerning as more than half of newly infected youth were not retained in care one 

year after initiation of outpatient HIV health care services. Failure to achieve retention 

indicators proposed by the DHHS and IOM is associated with all-cause mortality, and 

missed/no-show clinic visits offer added, independent prognostic value [82].

Mhealth interventions have typically focused on adherence and not retention in care [83], 

illustrating the need for interventions that target both retention and ART adherence. When 

comparing barriers between retained and not retained HIV-infected adults, perceived stigma, 

challenges with transportation and health insurance, and difficulty with clinic staff 

relationships and appointment scheduling were more frequenty observed among those not 

retained in care [84]. Further exploration of these obstacles is warranted in the design of 

effective interventions for support of ART adherence and retention in HIV care.

Limitations

This review has several limitations related to the current state of the science with limited 

published evidence during the past decade, and application of NIH quality assessment 

measures that were not exclusive for pilot feasibility studies. The potential for bias exists 

because the majority of interventions were tested in pilot studies and adherence definitions 

were incongruent among identified studies. Evidence synthesized from individual data 

sources represent broad inclusion criteria for age, ranging from early adolescence through 

young adulthood. Additionally, the impact of developmental stage was not assessed, and a 

gap of this evidence base. Likewise there is a need to explore feasibility and efficacy by 

subgroups (age, race, gender, and sexual orientation) in future work. Additionally, this 

review may not reflect the full portrait of US HIV health technology-enabled interventions 

such as unpublished evidence from interventions conducted by health care workers in 
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institutions [18] and or staff outreach efforts by community agencies. However irrespective 

of these limitations, the extensive search strategy allowed for retrieval of nine comparable, 

primary studies published during the past decade.

Conclusions

There is emerging and preliminary evidence to support the efficacy of SMS text messaging, 

and feasibility of computer platforms for health technology-enabled adherence interventions 

among HIV-infected youth in the US. Nonetheless, the findings from this integrative review 

highlight a significant gap in the evidence base, as we identified only nine health 

technology-enabled intervention studies during the past decade. Further expansion of this 

research area is dependent upon many factors, including active response by the scientific 

community to the multitude of challenges, when conducting behavioral intervention research 

with HIV-infected youth. For one, movement away from reliance on fixed interventions with 

exploration of the utility for new multicomponent and adaptive frameworks such as 

multiphase optimization strategy (MOST) [85] or sequential multiple assignment 

randomized trial (SMART) [86] is justified, as the complex psychosocial profiles of HIV-

youth coupled with the paucity of efficacious youth-focused adherence interventions 

demands pursuit of novel, impactful research methodologies.

The proliferation of technology-enabled interventions for improved HIV-disease self-

management (i.e., adherence and retention) demands thoughtful integration of theory to gain 

a better understanding of the modifiable factors linked with behavioral change. As many of 

the studies in this data set combined technology applications with human interaction, 

research is needed to determine when to link technology with human delivered interventions, 

versus exclusive use of technology. Still another significant consideration is to learn what 

technologies work best for the different adherence challenges, patient characteristics (age 

groups and populations), and the optimal frequency of contact needed [87]. More 

specifically, the impact of developmental stage, and other critical factors (gender, sexual 

orientation) require careful consideration, when designing adherence interventions using 

technology.

The potential for technology to facilitate success of behavioral interventions, and effect 

public health has been widely recognized. Yet its commercialization lends to significant gaps 

in affordability and accessibility for lower socioeconomic groups, calling for creative 

strategies to increase access among cohorts most likely to benefit from its application [88]. 

Likewise, researchers must be cognizant of the inherent funding challenges when pursuing 

grant awards, as the traditional funding cycle is often at odds with the accelerated pace of 

commercial technology and so allocation of additional funding mechanisms may be needed 

to support the movement from pilot study to efficacy trial [22, 26].

Finally, much work remains for behavioral interventionists when designing and testing 

technology-enabled interventions with HIV-infected adolescent and young adult populations. 

A key starting point for future advancement of this field is the development of effective 

research collaborations among academic, clinical and community partners with mutual goals 

for linking evidence to practice along the HIV care cascade. The US National Institutes of 
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Health (NIH)-sponsored Adolescent Medicine Trials Network for HIV/AIDS interventions 

represents one such highly effective, national model, and similar regional and local 

paradigms are desperately needed.
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Appendix

Table 3

Search strategy

Date Database Search terms Number of
data sources
retrieved

3-18-16 Medline via PubMed (Computer* OR computers OR telemedicine OR telehealth OR 
mhealth* OR ehealth* OR “text messag*” OR sms OR texting OR 
video* OR telephone OR smartphone OR “smart phone” OR 
“Mobile Applications” OR app[all] OR IVR OR “interactive voice 
response” OR “mobile health” OR “electronic mail” OR “e-mail” 
OR email OR gamification OR “virtual reality” OR “social media” 
OR internet OR badge* OR reward* OR reward)

743

AND

(“hiv infections” OR hiv OR “acquired immunodeficiency 
syndrome” OR “acquired immune deficiency” OR “acquired 
immune-deficiency” OR “anti-retroviral agents” OR “anti-HIV 
agents”)

AND

(“medication adherence” OR “patient compliance” OR memscap 
OR wisepill OR adherence OR retention OR attrition OR “patient 
acceptance of healthcare” OR “healthcare utilization” OR “health 
care utilization” OR “patient engagement” OR “linkage to care” 
OR “HIV care cascade” OR “reminder packaging” OR “reminder 
systems” OR EAM OR “electronic adherence monitor*” OR 
“medication event monitoring system” OR “medication alarm”)

3-18-16 EMBASE via Ovid (telemedicine OR telehealth OR mhealth* OR ehealth* OR “text 
messag*” OR sms OR texting OR “remote video conferenc*” OR 
telephone OR smartphone OR “smart phone” OR “mobile 
applications” OR IVR OR “interactive voice response” OR 
“mobile health” OR “electronic mail” OR “e-mail” OR email or 
gamification OR “virtual reality” OR “social media” OR internet 
OR badge* OR reward*)

594

AND

(exp Human immunodeficiency virus/ OR exp acquired immune 
deficiency syndrome/ OR “hiv infections” OR hiv OR “acquired 
immunodeficiency syndrome”)

AND

(“medication adherence” OR “patient compliance” OR adherence 
OR retention OR “patient engagement” OR “linkage to care” OR 
“HIV care cascade” OR “patient acceptance of healthcare” OR 
“healthcare utilization” OR “health care utilization” OR 
“medication event monitoring system” OR wisepill OR memscap 
OR attrition OR “self-monitoring” OR “health behavior*” OR 
“reminder packaging” OR “electronic adherence monitor” OR 
EAM OR “medication alarm” OR “reminder systems”)
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Date Database Search terms Number of
data sources
retrieved

3-18-16 PsycINFO via Ovid exp hiv/ 182

AND

(telemedicine/ OR teleconferencing/ OR exp Mobile Devices/ OR 
exp Cellular Phones/ OR app OR exp telephone systems/ OR sms 
OR texting OR “remote video conferenc*” OR ehealth* OR 
mhealth* OR “text messag*” OR smartphone OR “smart phone” 
OR exp electronic communication/ OR computer assisted therapy/ 
OR exp telecommunications media/ OR “virtual reality” OR 
gamification OR computer games/ OR “social media” OR internet 
OR Badge* OR reward*)

AND

(exp Treatment Compliance/ OR exp Compliance/ OR adherence 
OR retention OR attrition OR wisepill OR memscap OR 
“medication event monitoring system” OR health behavior/ OR 
health attitudes/ OR health knowledge/ OR health promotion/ OR 
exp self help techniques/ OR self monitoring/ OR “electronic 
adherence monitor” OR EAM OR “reminder packaging” OR 
“reminder systems” OR “patient acceptance of healthcare” OR 
“healthcare utilization” OR “health care utilization” OR “patient 
engagement” OR “linkage to care” OR “HIV care cascade”)

3-15-16 CINAHL ((MH “Reminder Systems”) OR (MH “Telecommunications + ”) 
OR (MH “Telehealth + ”) OR “smart phone” OR smartphone OR 
texting OR text-messag* OR ehealth* OR mhealth* OR 
“Telemedicine” OR telehealth* OR mHealth* OR SMS OR 
“remote video conferenc*” OR “mobile applications” OR 
“interactive voice response” OR “mobile health” OR “electronic 
mail” OR email OR “e-mail” OR gamification OR “virtual reality” 
OR reward*)

285

AND

((MH “Patient Compliance + ”) OR “adherence” OR retention OR 
“Health Resource Utilization” OR “Health Services Accessibility” 
OR “Health Facilities Utilization” OR “Continuity of patient care” 
OR “Health care delivery” OR “Health services needs and 
demands” OR “patient acceptance of health care” OR “health care 
utilization” OR “patient engagement” OR Attrition OR “linkage” 
OR “HIV Care Cascade” OR compliance OR (MH “Health 
Behavior + ”) OR (MH “Adolescent Behavior”) OR (MH 
“Behavioral Changes”) OR wisepill OR memscap OR “medication 
event monitoring system”)

AND

((MH “Human Immunodeficiency Virus + ”) OR (MH “HIV 
Infections + ”) OR antiretroviral OR anti-retroviral OR anti-HIV)

3-15-15 Web of Science (retention OR adherence OR compliance OR memscap OR 
“medication event monitoring system” OR wisepill OR “self-
monitoring” OR “health behavior*” OR “reminder systems” OR 
“electronic adherence monitor” OR EAM OR “medication event 
monitoring system” OR “medication alarm” OR “medication 
adherence” OR “patient compliance” OR attrition OR “patient 
acceptance of healthcare” OR “healthcare utilization” OR “patient 
engagement” OR “linkage to care” OR “HIV care cascade” OR 
“reminder packaging”)

107

AND

(telecommunication* OR telemedicine* OR mobile health OR 
mhealth* OR ehealth* OR “electronic mail” OR “e-mail” OR 
email OR “text messag*” OR sms OR internet OR “social media” 
OR “remote video conferenc*” OR telephone OR “smart phone” 
OR smartphone* OR “mobile application*” OR computer OR 
“computer assisted” OR telehealth* OR teleconferencing OR 
telemedicine OR video* OR IVR OR “interactive voice response” 
OR gamification OR virtual reality OR badge* OR reward*)

AND
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Date Database Search terms Number of
data sources
retrieved

(HIV OR AIDS OR “acquired immunodeficiency” OR 
antiretroviral OR “antiretroviral agents” OR “anti-HIV agents” OR

HAART OR “acquired-immunodeficiency”)

AND

(adolesc* OR “young adult*” OR teen* OR youth)

Total data 
sources 
retrieved = 
1911

Final search run on March 18, 2016

Search limits (1/1/2005–12/31/2016)
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Fig. 1. 
Flow diagram of study selection
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