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Abstract

Background: As HIV infection has shifted to a chronic condition, self-care practices have emerged as an important topic for
HIV-positive individuals in maintaining an optimal level of health. Self-care refers to activities that patients undertake to
maintain and improve health, such as strategies to achieve and maintain high levels of antiretroviral adherence.

Methodology/Principal Findings: Technology-based methods are increasingly used to enhance antiretroviral adherence;
therefore, we systematically reviewed the literature to examine technology-based self-care methods that HIV-positive
individuals utilize to improve adherence. Seven electronic databases were searched from 1/1/1980 through 12/31/2010. We
included quantitative and qualitative studies. Among quantitative studies, the primary outcomes included ARV adherence,
viral load, and CD4+ cell count and secondary outcomes consisted of quality of life, adverse effects, and feasibility/
acceptability data. For qualitative/descriptive studies, interview themes, reports of use, and perceptions of use were
summarized. Thirty-six publications were included (24 quantitative and 12 qualitative/descriptive). Studies with exclusive
utilization of medication reminder devices demonstrated less evidence of enhancing adherence in comparison to multi-
component methods.

Conclusions/Significance: This systematic review offers support for self-care technology-based approaches that may result
in improved antiretroviral adherence. There was a clear pattern of results that favored individually-tailored, multi-function
technologies, which allowed for periodic communication with health care providers rather than sole reliance on electronic

reminder devices.
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Introduction

As HIV infection has evolved from an acute to a chronic illness,
much of the medical treatment of HIV-positive patients has shifted
from critical care to outpatient settings. Consequently, self-care
practices of individuals living with HIV have emerged as a
significant topic for disease treatment and management
[1,2,3,4,5,6]. Optimal adherence to antiretroviral (ARV) therapy
is among the most important aspects of these practices and an
emergent strategy to improve ARV adherence is the use of
technology-based methods. The strength of technology lies in its
ability to transcend borders, cultures, and languages; therefore,
understanding self-care technology-based strategies used by HIV-
positive individuals to improve adherence is critical for providers
and researchers who seek to support patients in enhancing
adherence while simultaneously utilizing existing resources and
limiting cost.

Individual self-care has been defined in numerous ways
[7,8,9,10,11,12]. A broad definition of self-care refers to “those
activities individuals undertake in promoting their own health,
preventing their own disease, limiting their own illness, and
restoring their own health [7,8,9].” These activities are generally
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informed by technical knowledge of health care professionals and
lay experience, but are undertaken without professional support.
Self-care has also been defined as the “naturalistic decision making
process involving the choice of behaviors that maintain physiologic
stability (maintenance) and the response to symptoms when they
occur (management)” [11]. Therefore, self-care maintenance
includes health-promoting habits, adhering to treatment regimens,
and monitoring and managing symptoms. More explicitly, HIV-
specific self-care behaviors include ARV adherence and engage-
ment in care [13].

High ARV adherence is associated with enhanced CD4+ cell
count, reductions in HIV viral load, and decreased morbidity and
mortality [14,15,16]. Conversely, non-adherence may result in
virologic rebound, ARV drug resistance, transmission of drug-
resistant virus, and progression to AIDS [17,18,19,20,21]. Despite
the necessity of high adherence, in the U.S. and Europe the
percentage of prescribed doses taken has been estimated to range
from 60-70% [22,23,24,25,26,27]. “Forgetfulness” is commonly
cited as the top reason for missing doses [28]; therefore, many
researchers have investigated the role of electronic reminder
devices, such as alarms and pagers, to improve adherence. The
U.S. Department of Health and Human Services [29], the British
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HIV Association [30] and the World Health Organization [31]
have acknowledged the supportive role of technology-based
methods to improve adherence. This recognition underscores
the need for stronger evidence of the effectiveness of these
technologies and the identification of cost-containing strategies for
improving adherence.

We conducted a systematic review of studies that explored the
use and impact of technology-based methods by HIV-positive
individuals for improving ARV adherence. The purpose of this
review was to extend prior reviews examining the impact of
electronic reminder devices [32] and the efficacy of interventions
[33] on adherence. Specifically, we focused on the use of self-care
technology-based adherence strategies.

Methods
Objective

The primary objective of this systematic review was to evaluate
the impact of self-care technology-based methods on ARV
adherence. We report the efficacy (adherence, HIV viral load,
and CD4+ cell count) and other secondary outcomes of using self-
care technology-based methods.

Data Sources

Initially, we searched PubMed, EMBASE, Cochrane Central,
Web of Science, and PsycINFO from 1/1/1980 through 12/31/
2010. Additionally, we screened the references of all pertinent
articles to identify additional relevant publications.

Search Strategy

The search strategy was in the style of Cochrane Highly
Sensitive Search Strategy [34] for identifying reports of random-
ized, non-randomized, observational, and qualitative studies in
PubMed, as well as the appropriate MeSH terms, and a wide
range of relevant search terms in all databases. The detailed search
strategy used for PubMed can be found in Table S1 This strategy
was modified as appropriate for use in other databases. We
included all quantitative and qualitative studies (including
descriptive studies) published in the English language.

Inclusion/Exclusion Criteria

We included research regarding the impact of technology-based
methods used by HIV-positive individuals on our primary
outcomes (ARV adherence, HIV viral load, and CD4+ cell
count), secondary outcomes (quality of life, adverse effects, and
feasibility/acceptability data), and outcomes of qualitative/de-
scriptive studies (interview themes, reports of use, and perceptions
of use). Among quantitative studies with our primary outcomes,
findings were contrasted across groups receiving and not receiving
the intervention or in before-after comparisons. Only studies
published in English but regardless of geographical location were
included in the review.

Technology-based methods were defined as devices such as
electronic reminder devices (including alarms, electronic pillboxes,
and pagers), mobile telephones (for automated functions such as
automated text messages and automated alarms), personal digital
assistants (PDAs), computer software, and Internet and mobile
applications. These included tools that may have been initially set
up or implemented by a researcher/clinician, but that the
participant/patient could use independent of the researcher/
clinician for adherence self-care. This decision was made to set
apart self-care techniques that an individual could utilize
independent of their health-care providers from methods that
required constant interaction/supervision of a health professional.
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Therefore, reviewed studies did not include adherence monitoring
devices (e.g., medication event monitoring systems or MEMs) or
any method that clinicians used to monitor patients’ adherence to
give feedback. We did not include studies that examined
technologies that facilitated the interactions between patients/
participants and clinicians/researchers (such as email, text
messaging, or telephone) because we did not view these methods
as strictly promoting self-care. Multifactorial interventions con-
taining at least one self-care technology-based method were
included.

Review Method and Data Abstraction

Using the EndNote software package, relevant studies were
located in the above-mentioned data sources and duplicates and
irrelevant articles were removed by one author. One author and
the research assistant read the remaining citations and identified
eligible studies based on pre-specified inclusion/exclusion criteria.
All uncertainties and disagreements were arbitrated by the second
author. Using a data abstraction form, one author and the
research assistant summarized pertinent information from includ-
ed articles.

Outcome Variables

Primary outcomes included ARV adherence (based on self-
report, pill-counts, pharmacy refill records, MEMS), HIV viral
load, and CD4+ cell count. Secondary outcomes consisted of
quality of life, adverse effects, and feasibility/acceptability data.
For qualitative and descriptive studies, interview themes, reports of
use, and perceptions of use were summarized.

Results

From 1,207 gross results, 36 publications met our eligibility
criteria and were included (Figure 1). Among these publications,
24 were quantitative, from which 16 reported on our primary
outcomes (adherence, viral load, CD4+ cell count) [35,36,37,
38,39,40,41,42,43,44,45,46,47,48,49,50] and 8 stated information
regarding our secondary outcomes (quality of life and feasibility/
acceptability) [51,52,53,54,55,56,57,58]. Table 1 and Table S2
summarize these studies. An additional 12 qualitative and
descriptive studies were identified that are summarized in Table

S3 [59,60,61,62,63,64,65,66,67,68,69,70].

Quantitative Research

Publications with Primary Outcome. These 16 studies
were mainly published between 2001 through 2010 (with the
exception of one published in 1992 [48]) and were primarily
conducted in the U.S. (75%). Baseline sample size ranged from
23-928 (median = 98); from studies where mean age is presented,
mean age ranged from 36-43 years; percentage of male
participants ranged from 0-98% (median=80%); and within the
U.S. studies, the percentage of participants who were Black ranged
from 20-100% (median=47%). The most common method of
adherence assessment was self-report (63%), followed by a
combination of self-report and another method (such as MEMS
caps and pill counts) (31%), and solely MEMS caps (6%).

Studies not examining a research intervention- In five of the 16 studies,
the relationship between technology-based methods and adher-
ence was reported [37,38,39,40,48]. These studies presented
conflicting results on the positive [37,39,48] or neutral [38,40]
effect of these strategies on adherence. In the only quantitative
study examining Internet use among regular Internet users [39],
those who did not use the Internet to seek health information were
more non-adherent than those who used it for this purpose.
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(h=1,218)
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Duplicate articles
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(n=2) (n=5)

Figure 1. Selection process for study inclusion.
doi:10.1371/journal.pone.0027533.g001

Stand-alone technology-based interventions-Two studies reported the
effect of stand-alone technology-based interventions [35,46],
consisting of electronic reminder devices, such as a pager or a
programmable medication reminder device providing verbal
reminders. In participants receiving individualized adherence
counseling sessions, the use of the Disease Management Assistance
System (DMAS) device, an electronic device that produces a timed
voice message to prompt subjects to take ARVs, resulted in a mean
adherence of 80% in the intervention arm versus 65% in the
control arm, which was not statistically significant [35]. Post-hoc
analyses noted an effect in memory impaired individuals.
Surprisingly, the use of DMAS was associated with some
deterioration in quality of life (see “Publications with Secondary
Outcomes”) [58]. Safren and colleagues reported a statistically
significant increase in adherence with the use of pagers; however,
this improvement was not clinically significant, as adherence
remained poor (=70%) at points of outcome assessment in both
arms of the study [46].

Multi-component interventions including a technology-based method-We
identified nine publications that examined the effects of multi-
component interventions, including a self-care technology-based
method [36,41,42,43,44,45,47,49,50]. These interventions also
included individualized counseling appointments [36,41,43,
47,49,50], group sessions [42,45], or a combination of one-on-
one and group sessions [44]. The technology-based adherence
strategies consisted of mobile telephone automated text messages,
alarms, beepers, and wrist watches with alarms. In these studies,
four reported enhanced ARV adherence [36,41,42,49], two
revealed a trend for statistically significant improvements
[44,45], two showed mixed results (improved adherence with
counseling support but not with electronic reminder devices)
[43,50], and one did not result in changes in adherence [47].
Increased CD4+ cell count was observed in one publication [42];
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however, the remaining studies either did not detect any changes
[36,41,43,47,49,50] or did not report this value [44,45]. In one
study, an increase in the number of individuals with undetectable
viral load was reported [42], five did not detect any changes in
viral load [36,41,47,49,50], two did not report this outcome
[44,45], and one showed a statistically significant increased rate of
virologic failure with the use of reminder devices [43]. The median
length of follow-up in these studies was 20 weeks (range =4-52
weeks).

In a 2-by-2 factorial design study, including a medication
manager or medication alarm, the use of individualized,
structured, long-term adherence support strategies from trained
medication managers was associated with higher reports of perfect
adherence and 13% lower rates of virologic failure in comparison
to no medication manager [43]. However, use of a medication
alarm did not produce a significant difference in adherence but
resulted in 25% higher rates of virologic failure in comparison to
not using medication alarms. Similarly, participants were ran-
domized in another 2-by-2 factorial design to a peer-support
intervention or a pager messaging strategy [50]. The use of pager
did not result in increased odds of reporting 100% adherence;
however at six months, there was a trend for decreased adherence.

Publications with Secondary Outcomes

These eight studies were published between 2000 and 2010 and
75% were conducted in the U.S. Sample sizes ranged from 10—
300 (median=30); mean age ranged from 3143 years; and
percentage of male participants ranged from 0-88% (medi-
an =56%).

Feasibility and acceptability- From the seven publications that
evaluated feasibility and acceptability of technology-based self-care
methods [51,52,53,54,55,56,57], all concluded that these methods
were feasible and acceptable. Among these studies, four examined
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the use of a single technology-based method, which included
mobile telephones [51], automated pagers [52,55], smaller timers
[55], pillboxes with timer [55], PDAs [56], and patient-education
video [57]. In using a pager as a technology-based method to
improve adherence [52], most individuals expressed interest in its
use for medication reminders and entertaining messages (news
bulletins, jokes, and quizzes). However, the foremost reported
disadvantage of the pager was its size. In one study, despite
participants indicating that remembering to take ARVs as
problematic, the use of reminder interventions alone did not
result in improvements in adherence at two months [55].

Two studies assessed feasibility and acceptability of multi-
component interventions that included technology-based self-care
methods (e.g., alarms, beepers, and alarms watches), as well as
non-technology-based methods, such as integration of medications
into daily life, use of pillboxes, etc [53,54]. The Client Adherence
Profiling-intervention Tailoring protocol included diagnosis of the
adherence problem and selection of interventions based on patient
factors, treatment regimen, and the patient-provider relationship
[53]. In another study [54], the intervention consisted of multiple
sessions with a nurse practitioner trained in motivational
interviewing. In both studies, methods to improve adherence were
discussed with the participants and their application and
utilization were monitored. A high proportion of participants
reported using reminders in these studies.

Quality of life- Wu and colleagues conducted a secondary data
analysis to assess the impact of DMAS on quality of life (Table 1)
[58]. As described previously, DMAS is a medication reminder
tool that transmits verbal messages at ARV dosing times [35]. At
six months, individuals in the control arm had improved quality of
life scores, whereas those in the intervention arm had deterioration
in this score. Plausible explanations were that the use of DMAS
could have been a negative reminder of the patient’s HIV status or
that due to its size and loud sound, DMAS may have threatened
confidentiality.

Quialitative and Descriptive Research

Twelve qualitative and descriptive studies were found in which
technology-based methods were mentioned by the participant or
the study specifically assessed the use of technology in improving
adherence (Table S3) [59,60,61,62,63,64,65,66,67,68,69,70].
These methods included mobile telephone alarms and reminders,
beepers, watches, pagers, and other reminder devices. Studies
were published between 2000 and 2010 and 67% were conducted
in countries outside of the U.S [59,60,61,63,67,68,69,70]. Sample
sizes ranged from 12-330 (median = 43); in studies reporting mean
age, mean age ranged from 36-50 years; and percentage of male
participants ranged from 35-100% (median =75%).

The self-reported use of technology-based methods (mainly
electronic reminder devices) ranged from 3-23%. The reports of
use of pillboxes, medication schedules, incorporation of medica-
tions into daily schedule, and friend/family support for adherence
were common themes that emerged in various studies. Several
studies reported that participants used more than one adherence
tool [67,68,70].

In one study assessing the perception toward use of mobile
telephones and PDAs [60], participants reported willingness to use
these methods. However, in addition to the reminder function of
these strategies, most wanted the ability to obtain information on
HIV and communicate with providers. Similarly, in a study of the
use of mobile telephone interventions, many participants request-
ed to receive additional information on advancements in HIV
medicine and research and to increase their communication with
clinic providers [69]. Most did not view these reminders as
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intrusive; however, the majority preferred receiving only 1-2
reminders per week. Lastly, in one study, participants evaluated
the pager system positively but the overall response rate was low
and decreased dramatically over time [62]. The authors
speculated that maintaining participants’ interest over time,
tapering nonessential messages, allowing user opt-out of certain
features, and addressing device problems may result in a higher
response rate.

Discussion

In this systematic review, we evaluated the utilization of self-care
technology-based methods by HIV-positive individuals to improve
ARYV adherence. Despite the fact that “forgetfulness” is commonly
cited as a cause of non-adherence [28], the use of technology-
based methods that solely remind patients to take ARVs at dosing
times do not seem to be the most effective methods of enhancing
adherence. As noted in qualitative studies, only a small proportion
of individuals reported the use of reminder devices or found these
methods helpful. The exclusive use of these electronic reminder
devices has been shown to lead to slight improvements in ARV
adherence [46], deterioration in quality of life [58], and a
paradoxical effect on HIV viral load [43]. These devices may be
useful in those who are memory-impaired [35] or in those whose
“forgetfulness” 1is actually due to not remembering. The
explanation for this seemingly contradictory evidence may lie in
mnvestigating the underlying cause of the reported ““forgetfulness”,
such as stigma, depression, drug and alcohol use, lack of social
support, etc.

Results of both qualitative and quantitative studies indicate that
participants are interested in using technology-based methods, but
are most receptive toward the provision of a combination of
reminders along with information regarding HIV treatment and
enhanced communication with providers. In fact, quantitative
intervention studies that include a fusion of individualized
counseling sessions with a provider or a peer, as well as the choice
of an adherence aid seemed to produce the most beneficial effects
on adherence [36,41,42,49]. This need for additional support was
most evident in two-by-two factorial design studies where the
efforts of medication managers and peers resulted in higher
reporting of 100% adherence; however, the use of medication
reminder devices did not produce this effect [43,50]. In two
studies, the combined use of education and technology-based
methods did not enhance ARV adherence [35,47]. We believe
that the reason for this neutral result may be that one study [35],
may not have had enough power to detect a statistically significant
difference. In the second study [47], the study population consisted
of individuals with alcohol problems; therefore, this risk factor may
have impeded adherence and needed to have been addressed
more thoroughly.

In order to provide context to the results of this review, we
included qualitative studies where participants provided narratives
of using technology-based methods. Furthermore, we included
pilot and multi-component studies that incorporated the use of
technology-based strategies. Therefore, the results of our study
should be viewed in light of methodological differences across
studies. Many studies examined interventions with multiple
components; therefore, we cannot tease apart the independent
effect of technology-base methods for improving adherence.
Additionally, many studies relied on patient self-report to assess
adherence which tends to over-estimate the actual level of
adherence and is prone to the problem of recall bias. Lastly, we
cannot rule out publication bias in that studies with negative
results are less likely to be published.
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Based on this review, it seems that the optimal characteristics of
adherence-enhancing interventions that include a self-care tech-
nology-based method may involve: 1) tools that are easy to use,
familiar to the patient, and that do not attract much attention
(such as a personal mobile telephone) [49,52,53,55,58,59,60,61];
2) individually-tailored methods that are customized based on the
patient’s specific reasons for ARV non-adherence (such as the
choice of technology-based methods) [36,41,43,44,49,62,65]; 3)
multiple components, including the periodic involvement of
providers and peers that provide education and support
[36,41,42,44,45,49,50,54,69]; 4) multi-function strategies that
include components to increase information (e.g., HIV treatment
knowledge and consequences of non-adherence), motivation (e.g.,
treatment benefits and concerns), and behavioral skills (e.g.,
methods of enhancing adherence) [36,41,42,43,44,45,49,52,
54,60,69].

Currently, there are several ongoing projects listed in Clinical-
trials.gov or the NIH Research Portfolio Online Reporting Tools
(RePORT) that examine the effect of self-care technology-based
methods of improving ARV adherence [71,72,73,74,75,76,
77,78,79,80]. The tools utilized focus on mobile telephones, such
as use of automated text messaging and reminders
[71,72,74,75,78,79]; computer-delivered programs [73,76]; and
Web-based applications [77,80]. The computer interventions
include programs designed to promote health literacy in a tailored
and interactive manner [73] and electronic versions of an
intervention entitled Life Step [76]. Web-based interventions
consist of online peer support programs [77] and behavioral health
modules [80]. Therefore, it is apparent that much of the forth-
coming studies have taken a tailored approach to the use of
technology to enhance information, motivation, and behavioral
skills. However, more research incorporating the above-mentioned
characteristics of adherence-enhancing self-care technology-based
interventions 18 needed to examine rules for adapting the
technology to the individual and the optimal amount of each
intervention component.
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[81]; however, less than half of those requiring HIV treatment are
receiving ARVs [82]. Therefore, as we move toward the goal of
universal access for HIV therapy [83], the consideration for
careful budgeting and comprehensive utilization of existing
resources 1s exceedingly important. Individually-tailored multi-
component interventions including self-care technology-based
methods may empower HIV-positive individuals, aid over-
burdened clinics, and have the potential to result in cost-
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