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Abstract

Researchers have instituted a range of methodologies to
increase access to HIV adherence interventions. This
article reviews studies published through January 2014
utilizing computer-based delivery of such interventions to
persons living with HIV. A systematic review of five data-
bases identified ten studies (three RCTs, three pilot stud-
ies, three feasibility studies, and one single-group trial)
that met the inclusion criteria. Descriptions of the inter-
ventions’ content and characteristics are included. Inter-
ventions varied widely in terms of program structure,
theoretical framework, and content. Only six studies re-
ported medication adherence outcomes. Of these, four
(five RCTS and one single group pre-post test) reported
significant improvement in adherence using various
measures, and two approached significance. Results
suggest that computer-delivered adherence interventions
are feasible and acceptable among both HIV-positive ad-
olescents and adults. Definitive conclusions regarding
clinical impact cannot be drawn due to the small number
of adequately powered randomized trials in this review.
Additional randomized controlled research is needed to
draw inferences regarding intervention efficacy.
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INTRODUCTION

The CDC estimates that 1.1 million people living in
the USA are infected with HIV [1], with approximate-
ly 50,000 new infections per year [2]. Antiretroviral
therapy (ARV) is highly effective and is allowing per-
sons living with HIV (PLWH) to have longer, health-
ier lives [3, 4]. ARV decreases the replication of the
virus in an infected person’s blood. Viral load refers to
the amount of HIV in the blood and is measured by
the number of copies of HIV per milliliter of blood.
Viral suppression occurs when the copies of HIV are
at very low levels in the blood, which reduces the
likelihood of transmitting the virus to other people
and decreases morbidity among the infected individ-
ual. Despite the effectiveness of ARV, only a quarter of
those with HIV are keeping the virus under control
successfully [5]. Medication non-adherence is a

Implications

Practice: Computer-delivered interventions can
be an efficient and cost-effective method of im-
proving patient treatment knowledge and self-
efficacy.

Policy: Resources are needed to increase research
on development and testing of eHealth interven-
tions and examination of implementation strategies
and sustainability potential.

Research: eHealth interventions need to be rigor-
ously evaluated and include examination of dose—
response, cost-effectiveness, and fidelity to treat-
ment protocols to promote future sustainable prac-
tice within the clinic setting.

significant contributor to the low rate of successful
viral suppression. A recent meta-analysis found that
only an estimated 59 % of participants in North Amer-
ican studies were adherent at a commonly accepted
minimal threshold for successful viral suppression [6].
Without a high level of adherence, the HIV-infected
individual is at greater risk for unsuccessful viral sup-
pression, disease progression, and shortened lifespan
[7-9]. In addition, low levels of adherence increase the
risk of infecting others and contribute to the develop-

ment of treatment-resistant strains of HIV [7, 8].
Given the significant public health problem present-
ed by poor adherence to ARV, a great deal of research
has been devoted to improving adherence. Interven-
tions have been developed to address this significant
public health problem, with most studies showing
some degree of success at improving adherence [9].
These interventions have become increasingly com-
plex, oftentimes entailing intensive individual
counseling over multiple sessions, expert facilitated
group sessions, and automated text messaging pro-
grams [10]. Despite the demonstrated efficacy of
ARV adherence interventions, implementation into
real-world clinical settings has been severely limited
by the resources required to initiate and maintain the
interventions [10]. These interventions require
TBM
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significant staff time, training, and ongoing supervision
that are simply not feasible in most HIV clinical
settings [10].

In the USA, we have a relative abundance of re-
sources, yet still have difficulty implementing evidence-
based ARV improvement interventions. Health-care pro-
viders are often faced with time constraints and lack of
support and resources within the organizational structure
[11, 12]. Furthermore, providers often receive inadequate
training in behavioral interventions and, consequently,
have demonstrated low self-efficacy in the delivery of
these interventions [11, 13]. To implement interventions
with fidelity to evidence-based approaches, additional
training and supervision are necessary. Resource-
limited countries experience additional barriers to imple-
mentation of behavioral interventions. These barriers
include HIV-related stigma present in the community
and among health-care workers, socioeconomic factors,
negative perceptions and attitudes about ARV, and lack
of knowledge [14-17]. Rigorous implementation studies
in HIV adherence interventions are lacking; however,
global themes limiting adoption of these interventions
appear to be due to infrastructure deficits and diffusion
of knowledge within organizational structures [18]. The
use of technology has the potential to overcome these
barriers and lead to widespread adoption of efficacious
interventions [19)].

As a result of the need for more readily disseminable,
low-cost interventions, there has been interest in the
development of behavioral intervention technologies
(BITs) to promote ARV adherence [20]. A myriad of
technology devices have been developed and tested for
health behavior change including the use of pagers,
smartphones, text messaging, videos, and computer-
based programs [21]. BITs have the potential to improve
dissemination and implementation of evidence-based
treatments, both domestically and abroad. Further, they
may extend access to treatment, promote treatment en-
gagement, and build on skills for adherence. Finally, BITs
could expand interventions to rural settings, serve as an
inexpensive option for supplementary and/or primary
care, and promote adherence among hard to reach pop-
ulations who are overly represented among PLWH (e.g.,
low socioeconomic status, homeless, pregnant women,
sex workers, and substance users) and frequently fall out
of care [19, 20].

BITs should match the usage pattern of the target
population. The heterogeneity of HIV-infected popu-
lations reduces the generalizability of use of all BIT
modalities. For example, over 90 % of people have
access to cellular phones, but fewer use smartphone
devices, and oftentimes, among lower income popula-
tions, service may be disconnected at certain times
throughout the month [22]. This limits the general
usability of mobile health applications and text mes-
saging interventions. Further, the “digital divide” re-
mains a concern for use of BITs among some genera-
tional cohorts, socioeconomic strata, and ethnic/racial
minorities [23]. These populations are overly repre-
sented in HIV clinics; however, there remains a dearth

in the literature as to the use of such tools among high
risk groups [23, 24].

Consequently, technology-delivered interventions
should use a modality that is generalizable to such
groups. These challenging populations may be better
served in the clinic setting by delivering BITs in an
environment that allows for assistance from staff. Fur-
ther, capitalizing on existing clinic resources will re-
duce the lag time between intervention development
and widespread implementation. Desktop computers
are widely available in clinics within the USA. Addi-
tionally, populations who are less digitally savvy may
feel more comfortable and have a higher level of
familiarity with desktop computers compared to
smartphones or tablet devices [25]. The use of desktop
computer-delivered interventions may be more readi-
ly implemented within existing HIV clinic structures.

The primary aim of this article is to examine the
state of the science regarding existing desktop
computer- and web-based HIV adherence interven-
tions within the empirical literature. Specifically, we
aim to: (a) synthesize the content and theoretical
frameworks of existing computerized adherence inter-
ventions and (b) describe the structure and tailoring
methods of each intervention. Additionally, this study
seeks to describe the current limitations of this growing
body of research and to consider future directions to
promote development of eHealth technologies as a
method of improving health among PLWH.

METHODS
Search strategy and selection of studies
We systematically reviewed published studies that ex-
amined computer- and web-based interventions for
adherence among PLWH by applying the PRISMA
criteria [26]. The PRISMA statement provides a set of
guidelines to be used when conducting and reporting
systematic reviews (see Appendix). Searches were con-
ducted within five databases including PsycINFO,
PubMed, CINAHL, Medline, and Web of Science
through January 2015. The search was conducted
using the following terms to ascertain relevant articles:
(“computer” OR internet” OR “web” OR “electronic”
OR “mobile”) AND (“HIV”) AND (“ARV” OR “an-
tiretroviral” OR “adherence”). Articles were included
if they met the following a priori criteria: (a) the target
population for the study was PLWH, (b) the study
consisted of a behavioral intervention targeting medi-
cation adherence, and (c) a computer was the method
of intervention delivery. Given the small number of
randomized controlled trials available to date, the
search was expanded to include non-randomized stud-
ies (e.g., pre—post-experimental designs). Studies were
excluded if they were not available in the English
language. No date range parameters were includ-
ed in the search terms. Articles were searched
through January 1st, 2015, and the resulting arti-
cles date back to 2011.
Coding of computer-based intervention characteristics—We
defined computer-based interventions as a desktop
page 295 of 306
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computer-delivered intervention that could be com-
pleted either onsite at a clinic or at the participant’s
home. The content of each intervention was catego-
rized into three broad categories (adherence building
modules, self-efficacy modules, and other health-
related behavior modules) and divided into compo-
nents within those categories (see Table 3). Three re-
searchers independently coded the content of the in-
terventions, and details of each study were indepen-
dently coded by three researchers. Operational defini-
tions were provided in a codebook to ensure consistent
and accurate categorization throughout the coding
process. Participant characteristics included (a) age, (b)
proportion of women in the sample, (c) race/ethnicity,
(d) sample type, and (e) country in which the study was
conducted. Design characteristics included (a) type of
design (e.g., randomized controlled trial), (b) type of
control group (e.g., standard care), (c) recruitment site
(e.g., HIV clinic), (d) measure of adherence (e.g., viral
load, self-report), and (e) follow-up assessment
timeframe. Intervention characteristics included (a) theo-
retical framework that guided the intervention, (b)
number and length of sessions, (c) rate of attrition from
baseline to follow-up, (d) inclusion of multimedia, (e)
delivery setting (e.g., clinic, home), (f) adherence build-
ing components, (g) self-efficacy promotion compo-
nents, and (h) inclusion of other health behavior com-
ponents (e.g., depression). Satisfactory inter-coder re-
liability was established (4=0.81). A code was consid-
ered a match if coders had an exact match on 149
variables of the data extraction. Any disparities in
judgment that emerged during the coding process
were resolved through discussion. We contacted the
authors and asked them to provide additional infor-
mation regarding program content that was not includ-
ed in the original article. Of the nine authors
contacted, eight responded and supplied the requested

information. The author who did not respond to the
original email was re-contacted.

Assessment of risk of bias of studies—Two researchers
independently assessed risk of bias in the included
randomized controlled trials (n=6). Reliability among
coders was assessed on a pilot sample of articles. Dis-
crepancies in coding were discussed with a third au-
thor. Risk of bias was assessed for the included ran-
domized controlled trial as outlined by Higgins and
colleagues [36].

RESULTS

Results of the systematic literature search are
displayed in Fig. 1. A total of 870 articles were identi-
fied after duplicate references were deleted (n=1021).
Articles were excluded if: (a) the article was unavail-
able in English (r=0), (b) the study did not target ARV
adherence (n=369), (e) the article was a review or and
meta-analysis (2=272), (c) the study did not test a
behavioral intervention (r=145), and (d) the interven-
tion was not delivered by a computer (n=>56) (see
Fig. 1 for study flow diagram). A total of 10 studies
[27-35, 37] were included in the final review (see
Table 1). Five journals were represented among the
fields of medicine and psychology. Table 1 provides a
description of the study designs and methodology.

Methodological quality of studies

The risk of bias assessment revealed minor methodo-
logical issues with some studies included in this review.
Figure 2 provides an overview of the quality of the
randomized controlled trials included in this review.
These results should take into consideration that half

Records identified through
database searching
(n=1094)

Additional records identified
through other sources

(n=13)

A 4

A

Records after duplicates removed (n = 486)

Records screened
(n = 486)

Records excluded
(n =457)

A 4

A 4

eligibility
(n=29)

Full-text articles assessed for

Full-text articles excluded,
with reasons
(n=19)

A 4

A

(n=10)

Studies included in qualitative synthesis

[ Included ] [E|i9ibi|iW] [ Screening ] [ Identification ]

Fig 1] Study flow diagram

TBM



Adeiay) JuawadueyUd |euonRANOW Iy “A03Y) UOIIIR |RID0S IS |9POL JOIARYD( UOIJRAIIOW UOIJRLLIOJU]
giT ‘Moayy aaniusod 1eos 1) ‘Adesayy je1oiaeyag aAUS0d Ig) ‘|ensn se Juawieal} QFZ ‘Peo] el 74 ‘Adesay) jelinoliainue 4y ‘UoIpuod Juawieal} uj syuedpiped Jo Jaquinu u ‘Uoipuod o13uo0d uj sjuedpiyed jo saquinu su ‘syuedipiped Jo Jaquinu A7

% 78 % %72 % 6T % 0T % L°61 % 0 % 1T % 6€ v/N % G491 USWOM %
¢ et () 81« (%) 81« (00) vz-8t1 00 79t () 81« (O%) 81« (Z%) 81« (W/N) 81« (Y) 81« (W) dnois a3y
ainseaw
uodal-f|as auoN SWIW auoN A ‘Hodai-jjas Hodal-jjas JA ‘Uodai-))as 1A ‘bodal-f|es Hodai-j)as uyodal-j|as 9dualaypy
dn4 0}
auaseq
% 0 % ST % CT % 0 % 8 % 0T % € % 7 V/N % %7¢C 9jel uonijuny
J1U1d J1uld J1und J1und J1und J1und SEIEIE)
juanedinQ juaneding juaneding juaneding spe aujuQ juanedinQ juanedinQ ‘Spe aujjuQ J|uld Jusneding 9IS JUBWINIIDY
1vS awi 13w 13w awi 1495 awl 105 195 pasnomawely
1043U0d 1013u0d dnoig
v/N V/N V/N Y/N  uonunu aAidy nv.L 1sII-HeMm JUBWISSISSY  SYSCIM JO 1S nvL 1013u02 jo adAL
vsn B34y yinos vsn vsn vsn vsn vsn vsn epeue) vsn uonedo’
(8w« se Syjuow 9 Skep 0€
shep o¢ 1sed ul pauysp) uondaouj Apnis 15e3) 1k 10J jsed uj UoLI3NID
3UON jualaypeuoN 3UON  AYYV Suneniu| 9dUaIBYpe % 001> TA910eI9I3Q 1B AYVY Paquisald  AYY Paquisald  9dUdIaype 9% §6> ERIEIET] o)V
(9c=w (Z9=w (68=1u (06z=1 (Z7=1u
0T=N LT=N 7Z1=N OT=N  ‘O7=2U) 9/=N ‘4G=0U) ECT=N  ‘6/=2U) 89T=N  ‘YOE=0U) ¥65=N CEL=N ‘09=2U) L6=N a)dues
Aniqisesy Aniqisesy  dnol3 813uiS Aniqisesy 1011 ‘10 lo1id ‘10 10 12d 123 3unuo 1o11d ‘10 ugisag
[s€l ee [7€] €19 [e€l el [z€] @19 [cel el [1€] 1219 [o€] e 1e l67] [87] VA4 1-BE)
SoSays uaIway AqumQ Me|NQ Sury-leeN yjenloH YosIaH ‘|e 18 J9ysi4 ‘Je 19 910D uioged

S|el} pa)j043u0d paziWopuel-uoN

S|el} pa)jo4u0d pazjwopuey

S9IpN3S papn|oul Jo sonsuadRIRy) | | 3)geL

page 297 of 306

TBM



SYSTEMATIC REVIEWS

page 298 of 306

c

Ke)

=

©

S

)

C —

3 | %

O

® E

Q ©

c o)

O ~ O —~

=] [ =)

g.@ 8.9
o) o)

D c c

=] Qo 0

O B ® O

29 S

G © L2

x L <&

-
c
)

—

) e

Ko, ?

o) ) @©
3 g @ ©
2L < o
C(U [}
@ Q I
a £ e
o c s S
L0 3 3]
€'t =% 5
@ O Dm O/\
ae | O3 8
[r— Y— O =
08 Og -*G-J'.Q
)} o .2 = c
£5 £B g
ke T D =
£S5 | £3 E=
oo ol £

Claborn et al.
(2014)

Fisher et al.
(2011)

Hersch et al.
(2013)

Horvath et
al.,, (2013)

Naar-King et
al. (2013)

OO0
OOONONS;

0|0 ® 0 ®
O O|O|0|O
o)folfolfo)lo
Ol 0l O] © @ Sectve Reporing reporting

+ indicates high risk of bias, - indicates low risk of bias, ? indicates unclear

risk of bias

Fig 2 | Risk of bias summary for included randomized controlled trials

of the articles coded were pilot studies. The process of
randomization was unclear for two studies, and alloca-
tion concealment was not clearly reported for three
studies. Several studies used computerized methods
for randomization and assessment procedures which
limited risk of bias. The articles reviewed lacked of
reporting of power calculations, and only three studies
reported effect sizes. Further, the studies lacked con-
sensus in defining ARV adherence which limits the
ability to compare study outcomes among the RCTS.

Program structure

The interventions exhibited variability in structure and
method of delivery (see Table 2). All of the interventions
were tailored to PLWH; however, the target population
in three studies was youth [32, 35, 37], one study targeted
adult MSM [31], and the remaining six targeted adults
[27-30, 33, 34]. A majority of the studies had partici-
pants complete the intervention within the clinic setting
(n=6) [27, 29, 32-34, 37], whereas three studies [28, 30,
31] allowed participants to complete the intervention at
home, and one study [35] required participants to com-
plete sessions in both locations. One group of interven-
tions [27, 30, 33, 35] consisted of a single session (n=4).
The remaining six studies varied in number of sessions
(range 2-18), with two studies [29, 31] allowing partici-
pants to choose the number of sessions to complete.
Finally, one study [34] used the computerized interven-
tion in conjunction with face-to-face delivery. The six
session interactive multimedia program was designed to
increase treatment fidelity among lay adherence

counselors to the South African health policy for adher-
ence counseling.

Intervention content
The content of the interventions differed from each
other. Table 3 lists the content components most com-
monly included in the interventions. The interventions
varied in theoretical orientation. Two studies [27, 30]
were developed on cognitive behavior therapy princi-
ples, three studies [29, 30, 33] utilized the information-
motivation-behavior model, and two studies [32, 35]
were developed within a motivational interviewing/
motivational enhancement framework. The remaining
two studies were developed based on either Bandura’s
social cognitive theory [28] or social action theory [34].
The content of the interventions fell broadly within
three categories: adherence building, improving self-
efficacy, and other health-related behaviors. These cat-
egories were further subdivided to examine specific
components within each group.
Tailored versus standardized interventions—Although all of
the interventions were developed with a specific target
group in mind, six programs [28, 29, 32-35] were
tailored to the unique needs of individuals instead of
providing a standardized intervention for the group.
Cote and colleagues [28] defined tailored interventions
as “change strategies intended for a given person based
on their specific characteristics, identified beforehand
through an evaluation” (p. 2). Tailored interventions
are expected to contribute to higher rates of engage-
ment in the intervention and more significant change
TBM
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Table 2 | Coded intervention features by study

Horvath Naar-King Outlaw Ownby Remien Shegog

Hersch

Coté et al. Fisher

(28]

Claborn

Intervention

feature

et al. [35]

et al. [34]

etal. [37] et al. [33]

et al. [31] et al. [32]

et al. [30]

et al. [29]

et al. [27]

Desktop
Both?

Laptop

Desktop Internet Internet Desktop Desktop Touchscreen

Internet

Desktop

Dissemination channel

Clinic

Clinic

Clinic

Clinic

Home

Home

Clinic

Home

Clinic

Delivery setting

Tailored

Tailored

Tailored
60 min

Tailored

Tailored

Standardized

Varied

Standardized

Tailored

Tailored

Standardized

33 min

Standardized vs. tailored

Varied up to

45 min/session

30 min/session

30 min/session

26 min (mean) 100-200 (min)

80-120 min

Length of Intervention

1h

(min)

Varied
Daily
No

1

6)

At least 1 month

Yes

Varied (mode

Number of sessions

N/A
Yes

N/A 1 week
Yes

1 month

1 month

N/A
Yes
No

1 week

N/A
Yes

Time between sessions

Yes

Yes
No

Yes
No

Yes
No

Audio narration

Yes

Yes

Yes

No

Yes

Quiz

Knowledge check

Yes
No

Yes Yes

No

Yes
No

Yes Yes
No

No

Yes
No

Yes
No

Yes

No

Yes
No

Videos

Yes

Inclusion of face-to-face

sessions
@ Participants primarily accessed the program via hospital computers during their clinic visits; however, there were two participants who completed the program during a home visit using laptop computers on which the application was installed

in the target behavior. For the purposes of this review,
tailored was defined as an intervention tailored to
unique characteristics of the participants (e.g., gender,
adherence level) and standardized was defined as the
same intervention modules given to all participants.
Among the six tailored interventions, participants
completed questions either prior to or throughout the
course of the intervention that allowed intervention
tailoring to address the participant’s individual needs.
The methods of tailoring varied among the studies.
Table 4 describes the tailoring methodology of each
relevant intervention. In general, the intensity of tai-
loring varied across the studies. One study [33] pro-
vided automated responses using the participants’
name and branched to different content based on
participant responses. Other studies (n=4) [28, 29,
34, 35] provided targeted interventions based on par-
ticipant responses regarding adherence-related bar-
riers and then provided activities to reinforce positive
behavior change. Another group of studies (r=3) [25,
29, 32] allowed participants autonomy over module
completion, allowing participants to choose to skip
components of the intervention or choose modules to
complete from a menu of options.

Adherence-related modules—The content within the ad-
herence building modules was categorized into seven
components. While all of the studies included general
education regarding adherence to HIV medications,
there was variability in the degree to which additional
adherence-related modules were included. For instance,
some addressed skills building components aimed at
medication-related barriers to adherence (see Table 3),
including pill taking strategies (n=6), use of reminder
devices (n="6), scheduling doses (#=8), and coping with
side effects (n=7). Seven of the interventions included
an activity that allowed participants to conduct a func-
tional analysis of previously missed doses. In this con-
text, a functional analysis was defined as the identifica-
tion of variables that influence the occurrence or main-
tenance of nonadherence among PLWH. A majority of
the interventions (n=6) included a module targeting
strategies to improve communication between the par-
ticipant and healthcare providers.

Skills building modules—Intervention content in rela-
tion to improving adherence self-efficacy varied con-
siderably across studies. Most studies (n=7) incorpo-
rated problem-solving skills throughout the interven-
tion and also addressed strategies for building a strong
social support network (n=6). Eight studies utilized
components that promote increased self-awareness to-
wards adherence-related behaviors. Only four studies
reported incorporating components that addressed
HIV-related myths, primarily surrounding medica-
tions. Finally, seven of the studies included compo-
nents of positive reinforcement for adherence-related
behaviors. The provision of positive reinforcement
varied in two forms: (1) participants were instructed
on how to provide positive reinforcement for future
adherence behavior and (2) participants were given
positive reinforcement from the intervention narrator
based on responses to assessment questions.
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Table 4 | Method of tailoring selected interventions

Article

Coté et al. [28]

Individualized
assessment

Prior to randomization

Description of tailoring methodology

A virtual nurse delivers tailored teaching based on the degree of
adherence (095 %, 85-94 %, or <85 %) and provides feedback and
positive reinforcement on the participant’s personal style and
methods and on the acquired skills. The program is personalized as a
function of their needs and characteristics.

Fisher et al. [29]

During program; prior
to adherence
modules

Participants were offered targeted adherence promotion strategies that
addressed individualized barriers. Then participants selected an
intervention activity from the list of suggestions, engaged in the
activity, and chose an adherence-related goal.

Naar-King et al. [32]

During program; prior
to adherence
modules

Participants choose 1 of 7 avatars, are routed through arms of the
program based on their ratings of importance and confidence and
choices for goal setting, receive personalized feedback and ARV
information based on their recent medical information and response
to an ARV questionnaire, may choose to read through the intervention
or have an audio narrator; and have the choice to skip informational
components and pick among a menu of options for goal setting.

Ownby et al. [33]

Throughout the course
of the program

Provided automated responses using the participant’s name; assesses
participant learning throughout the intervention and branches to
different content based on participant response.

Remien et al. [34]

Throughout the course
of the program

Participants met with an in-person adherence counselor throughout
each session who guided the participant through the computerized
modules. Participants entered information into the program including
social support network and treatment regimen. Then participants
choose an adherence barrier from a menu of options and create an
action plan.

Shegog et al. [35]

Prior to initiating the
program

Intervention activities are tailored on reported missed doses and blood
counts, and psychosocial factors of perceived importance,
self-efficacy, and intentions regarding adherence. A “risk profile” is
developed and activity clusters are made available to the participant
based on the profile.

ARV antiretroviral therapy

Other health-related barriers to adherence—The remain-
ing intervention components fell within the broad cate-
gory of other health-related behaviors. Several interven-
tions (n=6) addressed mental health barriers such as
depression (n=2), stress management (n=4), and alcohol
and drug use (n=4). Several studies provided additional
skills building components including cognitive
restructuring of maladaptive thoughts (7=2) and visual
imagery exercises (n=3). Five studies addressed structur-
al barriers regarding adherence, which included transpor-
tation concerns and access to treatment and medications.
Finally, five studies provided participants with informa-
tion about additional resources in general for PLWH.

Intervention outcomes on adherence-related measures

Only eight [27-33, 35] of the ten studies included in the
review measured adherence. The method of measuring
adherence varied across studies. A majority of the studies
measured adherence via self-report, while only two stud-
ies [30, 33] utilized Medication Event Monitoring System
(MEMS). MEMS devices are electronic pill bottle caps
with a pressure-activated chip which records the time and
date that the bottle is opened. This more objective mea-
sure of medication adherence is currently considered

gold standard; however, it is often modified by self-
reported adherence and, consequently, is a less objective
measure of adherence [38] (ADD CITE). Table 5 dis-
plays study outcomes for adherence. As regards to self-
reported adherence, only two studies [29, 30] found
statistically significant improvement in adherence from
baseline to follow-up; however, several additional studies
[27, 32] “approached” significance. Of the two studies
utilizing MEMS data, only one [30] demonstrated statis-
tically significant improvements in adherence. Three
studies [29, 30, 32] also collected viral load data. Of these
three studies, only one [37] demonstrated a statistically
significant change in viral load using a cutoff of >400;
however, analysis at a more stringent cutoff (viral load
>48), which is typically indicative of having an undetect-
able viral load, was nonsignificant. Taken together, these
initial studies have demonstrated promise with regard to
improving adherence by utilizing computer-based deliv-
ery methods. However, evidence of efficacy for these
interventions is limited, and larger randomized con-
trolled trials are needed to address the limitations noted.

DISCUSSION AND CONCLUSIONS
Antiretroviral therapy (ARV) can be highly effective [8].

However, too often, inadequate adherence impedes
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Table 5 | Study outcomes on adherence measures

Article Intervention title Main outcome Measurement pvalue
Clabomn et al. [27] elLifeSteps 1. Adherence 1. Self-report .056
Fisher et al. [29] LifeWindows 1. Adherence 1.Self-report .024°

2.Viral load 2.Chart review NS
Hersch et al. [30] Life Steps for Managing 1.Adherence 1.MEMS .0427
Medications and Stress 2.Viral load 1.Self-report .07
2.Viral load .024°
Horvath et al. [31] Thrive with Me 1.Adherence Self-report 437
Naar-King et al. [32] Motivational Enhancement 1.Adherence 1.Self-report <.05¢
System for Adherence 2.Viral Load 2.Viral load NS
Ownby et al. [33] Not available 1.Adherence MEMS .07¢

ACTG Adherence Clinical Trials Group self-report questionnaire, MEMS Medication Event Monitoring System, NS not significant

@ Measured change in adherence between baseline and follow-up

® Based on a 70 % adherence cutoff. The p value was .05 for a 90 % adherence cutoff

¢ Based on viral load cutoff of »400. Analysis with viral load »48 was nonsignificant

9 Measured difference in 7-day adherence recall between groups at 6-month follow-up

€ Based on 95 % adherence cutoff score. The p value was .04 for 85 % adherence cutoff

successful viral suppression [3], increasing the risk of
disease progression and HIV-related morbidity and
mortality [4-6], increasing the risk of infecting others
[8], and contributing to the development of treatment
resistant strains of HIV [7]. While efficacious face-to-
face interventions have been developed to improve
ARV adherence, dissemination and implementation of
these interventions into real-world clinical settings have
been severely limited by the resources required to sus-
tain them [10]. As a result, some researchers have
turned to the development of computer-delivered ad-
herence interventions [21]. This article reviewed pub-
lished studies utilizing a computer-based delivery mech-
anism of HIV adherence interventions. To date, ten
computer-based HIV adherence interventions have
been developed and published in the literature. These
interventions remain in the early stages of testing, with a
majority of the published studies in the feasibility and
pilot testing phase. Many of these studies are underpow-
ered to reach statistically significant changes in adher-
ence over time due to the study design and small sample
size. As such, generating inferences about the efficacy or
clinical impact (e.g., cost-effectiveness) of computer-
based interventions based on these reports may be
premature.

Components of existing computerized interventions

This review found significant variability in the structure
and theoretical framework of computer-based adher-
ence interventions. This finding may reflect the limited
knowledge in understanding which treatment compo-
nents significantly improve adherence-related behav-
iors and maintain these gains over time. In contrast to
traditional BITs, the interventions (r=7) reviewed in
this study were primarily delivered in the clinic setting
instead of offsite. Programs varied in intervention dose,
ranging from a single session up to 18 sessions (see
Table 2). Session length varied from 30 min to over
2 h. Although single-session approaches are more easily

implemented, it appears that an increased dose may be
needed to increase long-term effectiveness. All of the
interventions reported in this review were developed
using sound theoretical frameworks for behavior
change including cognitive behavior theory, social cog-
nitive theory, information-motivation-behavior model,
social action theory, and motivational enhancement
theory. Only two studies [27, 30] adapted an empirically
supported face-to-face adherence intervention (Life
Steps) [39] into a computer-delivered format. Most pro-
grams included an audio interviewer to guide the par-
ticipant throughout the program. Audio narration is an
important component of these programs considering
the literacy concerns of the target population. Addition-
ally, narration may increase program engagement. Half
of the interventions incorporated a review of important
concepts and knowledge check (e.g., quiz). One pro-
gram used the computerized program as an adjunct to a
counselor-facilitated face-to-face intervention [34].
Combined BITs with in-person sessions may facilitate
implementation of these interventions within the clinic
setting, while maintaining important characteristics of
the therapeutic alliance that are associated with behav-
ior change (e.g., rapport) and provide a stronger dose of
the intervention over time.

Three themes emerged in regard to program content
including adherence-related, skills building, and other
health-related barriers to adherence modules (e.g., stress
management, negative affect, and substance misuse).
Specific adherence skills building components ad-
dressed medication-taking strategies, analyzing patterns
associated with missed doses, problem solving skills,
building social support, and improving communication
with providers. All of the themes represent individual-
level characteristics aimed at improving adherence.
This may be a limitation of existing adherence interven-
tions considering that maintaining optimal levels of
ARV adherence is a lifelong process that requires life-
style changes for the individual. Interventions that ex-
pand upon the ecological framework and address
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important interpersonal (e.g., incorporating primary
partners) and community factors (e.g., access to
healthcare, stigma, poverty) may facilitate the mainte-
nance of gains in adherence and other healthy behav-
iors over time.

Limitations of computer-delivered interventions for adherence
This work is still in its infancy, with the vast majority of
extant literature aimed at demonstrating feasibility and
piloting of the intervention. Our review of the literature
yielded six studies of computerized interventions to im-
prove adherence that included some measure of ARV
adherence outcome [27, 29-33]. Taken together, these
studies demonstrate that computerized adherence inter-
ventions show promise. However, consistent with the
very early nature of the work in this area, studies have
methodological limitations including small sample sizes,
self-report as the sole measure of adherence, a short
follow-up window, and lack of a control condition that
equated for computer interaction time. These results
warrant larger randomized controlled trials addressing
the current limitations of the literature.

This review provides insight into content and interven-
tion design considerations for computerized interven-
tions. First, the content related to adherence skills build-
ing appears to be primarily based upon the IMB model
incorporating educational components, motivational en-
hancement methods, and developing behavioral skills
such as incorporating the regimen into daily routine,
pill-taking and reminder strategies, and improving com-
munication skills with healthcare providers. As regards to
promoting adherence self-efficacy, most interventions
teach participants self-reinforcement behaviors for
achieving adherence-related goals and develop
problem-solving skills. Although a majority of interven-
tions include a social skills component, only two empha-
sized enlisting a partner to assist with medication taking.
Second, it appears that providing targeted interventions
may be a more efficient and effective method of promot-
ing medication adherence when compared to less direct-
ed, social networking intervention methods. Finally, attri-
tion rates in the studies reviewed were much lower than
in face-to-face intervention studies. However, interven-
tion retention was problematic in the more intensive,
multi-session computerized interventions [29, 30].

A number of important limitations to the current
review should be acknowledged. First, this review fo-
cused exclusively on interventions that were delivered
and received on a personal (desktop) computer. A num-
ber of other adherence-related programs are in various
stages of development that utilize other available tech-
nologies, including paging systems, SMS messaging,
and mobile applications [38, 40, 41]. These interven-
tions differ from those reviewed in that they are
intended to deliver treatment components both within
the clinic setting and beyond, often with the goal of
being incorporated into the daily lives of patients. As
such, this review focused primarily on clinic-initiated/
facilitated, desktop computer-delivered interventions in
order to explore tools that are more readily available to

health-care providers and could be integrated readily
into current clinic practices. Second, the small pool of
systematic reports that is available on computer-
delivered interventions for HIV-related medication ad-
herence limited conclusions that could be drawn and, as
such, narrowed the scope of this review. Although this
limitation is likely due in large part to the novelty of
both adherence interventions and technology-based
dissemination, well-designed, rigorous tests of interven-
tion efficacy are urgently needed. Given the lag between
data collection and publication, additional reports of
intervention efficacy are likely to become available in
the coming years. Another limitation is that the “gray
literature” (e.g., conference abstracts and proceedings,
these/dissertations, and registered trials) in the data-
bases was not searched, which may have limited the
yield of relevant findings. Nevertheless, this review
highlights the current state of the published research
literature and emphasizes the need for publication and
dissemination of these tools to the public.

Future directions

Future studies should examine dose response to these
interventions via longitudinal follow-up. Further, these
interventions may be aided with brief, supportive
follow-up interventions utilizing text messaging, phone
calls, or other technology-based mechanisms in an effort
to improve outcomes and maintain behavior changes
over a longer timeframe. The addition of these compo-
nents may encourage generalization of skills through
clinical contacts occurring in real-world situations outside
of the clinical setting. People living with HIV represent a
diverse group of people; therefore, interventions tailored
to specific populations (e.g., MSM, substance users, and
women) may address barriers and adherence concerns
specific to the unique needs of these individuals. Addi-
tionally, no gold standard protocol exists for interventions
targeting adherence. Dismantling studies may provide
further insight into the components that are most helpful
at improving adherence among PLWH. Cost-
effectiveness studies are needed as well in order to iden-
tify the extent to which implementation of these interven-
tions are preferable in terms of economic costs, effects,
and utility when compared to usual care. Future studies
should be designed with regard to evaluation of imple-
mentation and sustainability of the intervention within
the clinic setting. It is important to note that computerized
interventions are not subject to fidelity checks; conse-
quently, without examining the actual electronic content
of each intervention, it is not possible to know if the
reported components of these programs adequately rep-
resent what they were intended to represent. Finally, only
a few studies reported effect sizes for treatment outcomes.
It is strongly recommended that future studies include
effect sizes in reporting of results [42].
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