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Abstract
Purpose of Review Adherence to antiretroviral treatment (ART) is crucial for the successful treatment of HIV. Unfortunately, it is
estimated that 45% of persons living with HIV (PLWH) have poor adherence to ART. To provide health care professionals and
PLWH with effective tools for supporting adherence, researchers have investigated the effectiveness of psychosocial interven-
tions to enhance adherence to ART. In this paper, interventional studies, systematic reviews, and meta-analyses that examine
ART adherence interventions for PLWH are reviewed.
Recent Findings There is great variability among interventions in terms of quality, sample, measures, and outcome characteris-
tics. Despite a diverse and wide-ranging assortment of ART adherence interventions, consistent lessons have been learned.
Interventions that focus on individual and interpersonal factors have been effective for improving ART adherence; however,
the improvement in adherence tends to be short-lived. Additionally, interventions are most successful when tailored to those at
risk for poor adherence. Finally, theory-based interventions are more likely to be effective than non-theory-based interventions.
Summary A variety of individual-level psychological interventions have been shown to be effective in improving ART adher-
ence in the short term. Digital and mobile interventions have the potential to improve dissemination and implementation of these
evidence-based interventions and could be used to extend intervention effects. Future interventions that address issues of
accessibility, inequality, structural and institutional barriers to ART adherence should also be tested and prioritized.
Implementation science frameworks can be used to assess and address issues of accessibility and systematic barriers to care.
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Introduction

Soon after the introduction of highly active antiretroviral ther-
apy (HAART) in 1996, HIV infection transformed from a life-
threatening disease to a chronic illness. However, it was
quickly discovered that for HAART to suppress viral replica-
tion and remain effective over time, high levels of patient
adherence are needed [1–4]. Although improvements in

adherence have been evident with newer and simpler regi-
mens of antiretroviral therapy (ART) [5], a recent study found
that 45% of individuals living with HIV had poor adherence to
ART [6]. Similarly, only half of the people living with HIV
(PLWH) in the USA are virologically suppressed [7]. In low-
andmiddle-income countries (LMIC) where clinical resources
are more limited, the rates of retention in care and virologic
suppression are even lower [8]. Consequences of poor adher-
ence include the emergence of drug-resistant strains of HIV,
increased incidence of opportunistic infections, increased
morbidity and mortality, and increased rates of hospitaliza-
tion. Long-term optimal adherence (i.e., consistent uptake of
over 80% of ART doses) [7, 9, 10] not only yields improved
individual health outcomes, but is also a form of prevention as
suppressing HIV viral replication inhibits transmission to
others [7]. In addition, adherence to HIV-related medical ap-
pointments allows for other important interventions to occur
such as risk reduction counseling, mental health and substance
use referrals, and healthcare maintenance [11, 12].
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The reasons for poor adherence to ART and HIV-related care
are diverse and span individual, interpersonal, and structural
factors [9]. A meta-analysis of 207 studies found that adherence
in PLWH was significantly improved by greater self-efficacy,
social support, and a belief that ART was necessary. In contrast,
adherence was reduced by the presence of substance use, finan-
cial constraints, depressive symptoms, and HIV-related stigma
[5]. Additionally, remarkable health disparities exist for racial
and ethnicminorities regarding adherence toART andHIV care.
Several studies have demonstrated poorer adherence among
African Americans, men who have sex with men (MSM), trans-
gender persons, and youth [4, 13–18]. Thus, a clear need exists
for efficacious interventions to improve adherence among di-
verse populations as well as those facing economic hardship.

To provide healthcare professionals and PLWH with effec-
tive tools for supporting adherence, researchers have investigat-
ed the effectiveness of psychosocial interventions to enhance
adherence to ART. Broadly, psychosocial interventions involve
providing participants with knowledge, skills, and techniques in
order to enact behavioral change [19, 20]. Ideally, they are also
tailored towards a specific population and rooted in an
established theory that addresses the complex biopsychosocial
and environmental factors that interfere with healthy behaviors.

A multitude of models and theories have been applied to
ART adherence interventions. They generally emphasize the
importance of addressing patients’ motivation, self-efficacy, be-
liefs, and the larger social context in order to enhance adherence
[21]. For example, according to the Information, Motivation,
Behavioral Skills model (IMB), gaining relevant HIV and HIV
treatment information is a prerequisite for optimal ART adher-
ence. Personal motivation and social motivation (perceived so-
cial and cultural support for performing these acts) related to
ART adherence, as well as the behavioral skills and perceived
self-efficacy to engage in appropriate adherence behaviors, are
also critical components [22, 23]. Social cognitive theory (SCT)
developed by Albert Bandura, has also been utilized in adher-
ence interventions [24–29]. This theory posits that health-
promoting behaviors are governed by several core determinants,
including an individual’s perceived (1) self-efficacy regarding
their ability to make a positive change, (2) knowledge about
how their behavior impacts their health, (3) outcomes that may
result from their actions, (4) overall goals for their health, (5)
facilitators for making a change, and (6) impediments to this
change [30]. In addition, the stress and coping theory proposed
by Lazarus and Folkman (1984) has been used in adherence
interventions [31–33]. This theory maintains that an individual’s
effective response to a stressor depends on their cognitive ap-
praisal and the behaviorally derived coping mechanisms they
choose to utilize as a result. Another example of a theory used
in ART adherence interventions is the theory of empowerment
education. This theory suggests that individuals who are
disenfranchised or disempowered can best gain knowledge and
change behavior when they take control over their own learning

and actions. This change occurs through the development of a
deeper understanding of their position within a community and
through active participation and engagement [34]. Additionally,
cognitive behavioral therapy (CBT) and motivational
interviewing (MI) are also psychotherapeutic models utilized
widely in the literature to enact positive behavioral change in
individuals with chronic illnesses [35–47]. CBT addresses the
relationship between cognitive distortions and maladaptive be-
haviors in order to improve self-confidence, coping skills, and
problem-solving abilities (APA, 2017). MI seeks to tap an indi-
vidual’s inner motivation to change by reducing their resistance
to change, exploring their ambivalence about it, and enhancing
their readiness for it [48].

These various theories and models have been used in ART
adherence interventions in multiple settings, for a wide range
of participants. In recent years, technological advances have
also been employed. In this paper, interventions, systematic
reviews, and meta-analyses that examine ART adherence in-
terventions for PLWH are reviewed. Because of the broad
range of adherence interventions and outcomes in PLWH,
we used broad search terms and phrases (antiretroviral/ART
adherence, HIV adherence, psychosocial intervention to im-
prove antiretroviral adherence) to identify pertinent published
studies in PubMed, CINAHL, Web of Science, and
PsycINFO. We also searched the National Institutes of
Health Research Portfolio Online Reporting Tools (NIH-
RePORT) for interventions still underway.

In-person Interventions

There are numerous in-person adherence interventions for
PLWH with various sample sizes, locations, theories or
models, and modalities (e.g., individual or group sessions,
peer or professional facilitator). Studies examining the effec-
tiveness of in-person CBT and MI interventions have yielded
very promising, although not always significant, results. For
example,Wagner et al. (2006) compared the effectiveness of a
five-session CBT intervention to treatment as usual (TAU) in
230 PLWH. CBT participants were more likely to take at least
90% of their ART doses (82% vs. 65%; p < 0.01) at week 4,
but the change was not sustained at weeks 12 and 24 [35].
Also, Golin et al. (2006) compared individual MI versus gen-
eral education in a randomized controlled trial (RCT) of 140
adult PLWH. While group differences were not statistically
significant, adherence in the MI group increased by 4.5% (p =
0.10) and optimal adherence was greater as well (29% vs.
17%, p = 0.13) [24]. These and other studies suggest that
CBT and MI are promising interventions for ART adherence.

Some interventions have focused on skills training and edu-
cation. In a RCT, Johnson and colleagues (2010) enrolled
PLWH (n = 249; 226 males) who were concerned about ART
side effects [33]. The intervention, based on stress and coping
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theory, consisted of five individual counseling and training ses-
sions focused on coping with medication side effects. Odds of
non-adherence in the intervention group decreased 6% per
month (OR = 0.94; p = 0.02), compared to the control group.
Similar efficacy has been shown with group sessions. For exam-
ple, In The Mix was a skills-based intervention grounded in
conflict theory of decision making that was designed to reduce
HIV transmission risk by targeting sexual risk behaviors and
suboptimal medication adherence via 7 facilitator-led sessions
(2 individual, 5 group). In a RCT among PLWH (n =436), the
intervention was effective for improving medication adherence
(β = 0.07, p < 0.05) and reducing unprotected sex (β = 0.43, p <
0.05) at 4.5 months post-intervention.

Considering that greater social support has been associated
with better medication adherence [5], utilizing peers as interven-
tion facilitators would seem to be a logical strategy. However,
recent reviews find that peer-led interventions are either of un-
clear benefit [49] or are ineffective [50]. However, Mark et al.
(2019) argue that the high degree of heterogeneity among such
studies, such as how peer services are employed and operation-
alized, may be the reason behind inconsistent results [51]. They
suggest that peer-based interventions may be particularly useful
for specific groups, such as adolescents andyoungpeople (youth)
livingwithHIV (YLWH). For example, theRedCarpet Program
intervention, which included peer counseling and education, re-
sulted in a statistically significant improvement in linkage to and
retention in ART care (ps < 0.001) for up to 6 months among
YLWH (n =559) in Kenya [52]. Of note, no theoretical basis or
model was explicitly mentioned in this program. Similarly, Link
LA, a peer navigation intervention, was based in SCT and de-
signed for HIV-infected men and transgender women scheduled
to be released from jail (n =356). It demonstrated significant
improvements in viral suppression at 12 months (p = 0.03), but
not in medication adherence as compared to a case management
control [25]. Consequently, theremay be benefits to peer support
interventions, but the effectiveness may vary based on location,
outcomes, population, and services provided.

Despite promising results for in-person ART adherence in-
terventions, further research is needed, including cost-
effectiveness analyses and how to best sustain improvements
in adherence post-intervention. Ameta-analysis involving 5479
HIV-infected adults, with a median time between baseline and
final adherence assessments of 9 months, found that while psy-
chosocial interventions do enhance ART adherence when com-
pared to TAU (SMD = 0.30, 95% CI 0.20–0.40), the signifi-
cance of this effect was not sustained long-term [53]. The ma-
jority of the interventions in the analyses were in-person and
only 3 of the 27 primarily utilized computers or phones. In-
person psychosocial interventions may require multiple ses-
sions and trained facilitators, making them time and cost-inten-
sive. Therefore, using computer or mobile health (mHealth)
interventions may more affordably deliver content or provide
booster sessions to sustain intervention effects.

Technology-Based Interventions

The need for more readily disseminatable, affordable interven-
tions has generated interest in the development of computer-
ized, electronic, and mobile technologies to promote ART
adherence [54]. A myriad of programs and devices have been
developed and tested, including electronic pill monitoring de-
vices, text messaging, and mobile gaming interventions [4].
These technologies have the potential to improve dissemina-
tion and implementation of evidence-based treatments, both
domestically and abroad. Technology can also assist in the
delivery of intervention content to highly stigmatized or vul-
nerable populations (e.g., youth, those who have financial
constraints, are homeless, have substance use disorders, or
exchange sex for money). Vulnerable and stigmatized person
groups more frequently fall out of care and could be less likely
to engage in in-person interventions [54, 55].

Computerized Interventions

The first computerized interventions to improve ART adher-
ence were offline software programs delivered in clinical set-
tings. A comprehensive review examined seven computerized
ART adherence interventions for PLWH. Of these, four
showed significant improvement in adherence using various
measures, and another two-approached significance [56]. The
interventions varied in theoretical orientation, utilizing CBT
principles, the IMBmodel [57–59], MI/motivational enhance-
ment framework [42, 43], and SCT [56] and social action
theory [60].

LifeWindows was one of the first examples of a compre-
hensive computer-delivered intervention for promoting ART
adherence. It was grounded in the IMB model and was deliv-
ered at regularly scheduled HIV care visits at five clinical
settings with nearly 600 PLWH in the USA. When looking
at the intent to treat sample, the intervention did not signifi-
cantly improve adherence to care compared to the control.
However, of those who remained in care (n=398), the inter-
vention’s impact was significant, resulting in significantly
higher levels of perfect three-day adherence at 18 months.
This study also demonstrated the feasibility of integrating a
computerized intervention into clinical care settings among a
large number of patients [57].

Electronic Adherence Monitoring Devices

Electronic interventions have also evolved to include technol-
ogies that can be easily utilized by patients outside of clinical
settings. One of the first well-known health technologies to
monitor adherence in this manner was an electronic adherence
monitoring device (EAM) known as the Medication Event
Monitoring System (MEMS). The MEMS device records pill
cap opening and closing events; adherence data can then be
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downloaded using a USB cable [61]. A meta-analysis exam-
ining the utility of MEMS (or MEMS-like devices) in a vari-
ety of medical conditions, showed that feedback or counseling
sessions informed by MEMS-recorded dosing patterns posi-
tively influenced adherence behaviors [62, 63]. An example of
an effective in-person intervention enhanced with MEMS is
the AIMS intervention in which patients examined differences
between their desired and actual adherence recorded by
MEMS during a MI-informed counseling session. A RCT
(n=133) found that the intervention increased the number of
patients with an undetectable viral load at 4 months (OR =
2.96, p < 0.05) [37].

More recently, real-time EAMs such as Clever Cap,
Wisepill, Wisebag, evriMED 500/1000, AdhereTech,
GlowCaps, MedMinder, MedSignals, Sensemedic Smart,
and Tell-Me-Box have been developed. These devices func-
tion similarly to standard EAMs but transmit adherence data
via cellular networks in real-time. Many of these devices can
deliver adherence reminders through text messaging, audiovi-
sual reminders, and alarms at the time of a missed dose.
Challenges to EAMs’ real-world utility include the need to
keep EAMs charged and gaps in network coverage [64, 65].
Additionally, concerns remain about unintended disclosure of
HIV status among PLWH as device alarms can draw attention
and the devices themselves can be bulky [39, 66].

The most important limitation of real-time EAMs is that
they only target missed doses due to forgetfulness. Although
forgetfulness is commonly cited as a reason for non-adher-
ence, patients’ actual reasons for “forgetting” doses can be
more complex than they appear. Forgetfulness is a product
of motivational issues and cognitive processes. This complex-
ity explains why EAMS that are coupled with theory-driven
behavioral interventions have been more effective in improv-
ing adherence in PLWH than EAMS alone [67]. In addition to
reminders, interventions need to target individuals’ poor in-
formation about HIV and its consequences, inconsistent mo-
tivation, and a lack of skills needed for ideal adherence
behaviors.

Short Messaging Service Interventions (SMS)

Text messages that contain motivational and skill-building
content have been used in combination with real-time moni-
toring devices to improve ART adherence. For example,
Sabin and colleagues performed a RCT with 120 HIV patients
in China who were provided personalized, triggered, and real-
time SMS reminders, coupled with counseling sessions, when
missed doses were detected by Wisepill [39]. At 9 months,
mean adherence for the intervention arm was 96.2% versus
89.1% in the control (p = 0.003). These significant changes in
mean adherence between the groups were also appreciated
among those with suboptimal (p = 0.039) and optimal (p =
0.028) pre-intervention adherence [39].

Ameta-analysis of 34 studies byMayer et al. found impres-
sive effects of text messaging interventions on HIV-related
treatment adherence in a variety of care outcomes. The
analyses showed that text message reminders significantly
(1) reduced the rates of non-attendance (n = 7; OR, 0.66;
p= 0.01; I2 = 52%), (2) increased ART adherence (n = 20;
SMD, 0.87; p = 0.04; I2 = 99%), and (3) improved physiologic
measures (CD4 count or viral load) (n = 11; SMD, 1.53;
p=0.003; I2=99%). Most of the SMS interventions were of
short duration (6 months or less) and used messaging only
once or twice weekly to reduce message fatigue [68].

Recent reviews have also shown that SMS interventions
are more successful when interactive and guided by theory.
It is believed that interactive text messages allow for emotion-
al support and more opportunities to provide tailored informa-
tion to build knowledge, motivation, and skills. Garofalo et al.
conducted a randomized trial of a two-way, interactive, per-
sonalized daily text messaging intervention with 105 YLWH
who were non-adherent. The intervention was informed by
SCT and optimal adherence was assessed by self-report. At
6 months, those in the intervention period were more likely to
be optimally adherent (OR = 2.12, p < 0.05), and the effect
was maintained at 12 months [28].

SMS allows for the provision of intervention content to
patients living in remote areas without access to smartphones
and with limited ability to interact with clinic staff. For these
reasons, there have been more international trials testing HIV-
related SMS interventions in LMICs than in developed coun-
tries [69] Two recently published RCTs from sub-Saharan
Africa demonstrate the potential for text messages to improve
adherence outcomes among young people, who spend large
amounts of time on their phones. An RCT fromNigeria of 209
adolescents (aged 15–19) with suboptimal ART adherence
found that those in the daily two-way text message ART re-
minder group, compared to the control group, had lower log10
viral loads (1.97 vs. 2.63; p = 0.001) and higher rates of viral
suppression (63% vs. 46%; p = 0.022) [70]. Another RCT in
Uganda with YLWH (n = 155), informed by behavioral eco-
nomics, tested two SMS interventions compared to a standard
of a care control group. Of the intervention conditions, one
group received weekly SMS feedback on their actual ART
adherence level as measured by Wisepill; the second group
received similar feedback as well as a report on the adherence
levels of their peers. The addition of the peer adherence report
improved ART adherence compared to the control group
(2.4% difference controlling for baseline adherence levels)
but was not statistically significant.

Social Media

Social media has been increasingly used to deliver HIV-
related interventions. Unlike SMS interventions, the majority
of social media interventions have been tested in developed
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countries in which patients are more likely to have
smartphones with connectivity to online media. Popular social
media platforms, such as Facebook, Instagram, and YouTube,
are interactive, allowing users to generate content [71, 72].
Social media also provides convenient access to information,
services, and social communities for stigmatized populations.

A recent systematic review by Cao et al. (2016) examined
the effectiveness of social media interventions to promote
HIV testing, linkage to care, adherence, and retention. Many
HIV testing and linkage to care campaigns have been success-
fully tested on social and sexual networking sites such as
Facebook, Grindr, YouTube, Twitter, QQ, Gaydar, Jack’d,
Scruff, A4A, and Radar. However, this review found a dearth
of effective social media interventions to promote adherence
to ART [71, 73]. The only ART adherence study cited in the
Cao et al. (2016) review was “Thrive with Me” (TWM), an
intervention for HIV-positive men who identify as gay or
bisexual. TWMhas three components: (1) a social networking
feature; (2) tailored ART adherence information and medica-
tion reminders; and (3) and reflection. Men reporting imper-
fect ART adherence in the past month were randomized to
receive usual care (n = 57) or the 8-week TWM intervention
(n = 67). The TWM intervention appeared feasible to imple-
ment, acceptable to users, and showed modest effects for the
overall sample. Furthermore, among current drug-using par-
ticipants, the TWM (vs. control) group reported significantly
higher overall ART adherence (90.1 vs. 57.5% at follow-up;
difference = 31.1, p = 0.02) [72]. A larger trial of TWM is
currently being conducted among 400 MSM living with HIV
[74].

There are more social media interventions to promote ART
adherence in development and testing. One such study, enti-
tled weCare, is designed to increase linkage and retention to
HIV care among racially and ethnically diverse young MSM
ages 13 to 34. Based on SCT and theory of empowerment
education, this intervention utilizes participants’ existing so-
cial media preferences (e.g., Facebook’s in-app instant mes-
senger), SMS, and an assigned health educator. The
adherence-focused components include feedback about ART
refills and daily medication reminders, problem-solving for
ART prescription and adherence barriers, and positive rein-
forcement of desired behaviors. At the time of this review, the
results of this trial are unavailable [27].

Gamification

Serious games—designed to influence learning or health be-
havior change—are increasingly being used to address factors
that inhibit adherence to medical treatment regimens [75–78].
These games are designed to be goal-oriented, motivating,
immersive, and enjoyable [79]. Serious games have been
shown to influence health attitudes and self-efficacy in other
chronic diseases such as asthma, diabetes, and cancer [80–82].

A review of gaming interventions for PLWH identified five
digital ART adherence games from NIH reporters, and the
majority target YLWH and are in development or testing
[77]. A small number of RCTs utilizing mobile gaming inter-
ventions to improve adherence to ART have reported outcome
data. BattleViro, a 16-week iPhone gaming adherence inter-
vention grounded in the IMBmodel, was tested in a RCTwith
61 YLWH. While playing BattleViro, participants travel
through multiple organs in the body, fight off HIV, collect
strength by taking pills and solve HIV-related puzzles.
Participants in the intervention arm received the BattleViro
gaming app, an electronic pill monitoring device, and twice-
weekly game-related text messages guided by monitoring de-
vice data. Participants with perfect adherence were sent texts
of congratulations (e.g., “Great job in Battle. You are win-
ning!”) and others were sent motivational texts (e.g., “Get
back in battle! Take your dose!). BattleViro demonstrated
promising, but nonsignificant, improvements in HIV knowl-
edge (ESD = 0.50), ART knowledge (ESD = 0.42) and social
support (ESD = 0.62). Exploratory moderation analyses re-
vealed significant interactions between BattleViro and newly
starting ART. Those newly starting ART in the BattleViro
condition, compared to those in the control, experienced a
0.96 log greater decrease in viral load (ESD = −2.21, p =
0.04), better adherence (71% vs 48%; ESD = 1.15, p =
0.05), more HIV knowledge (ESD = 0.90), and more ART
knowledge (ESD = 0.72) [23].

Another gaming app, AllyQuest, combines social network-
ing, game mechanics, such as challenges, points, and rewards,
and a medication tracker to improve ART adherence.
Participants also utilized an app-based calendar for reflection
on adherence over time. Development was guided by health
behavior change theories including SCT, narrative communi-
cation (e.g., storytelling), and the Fogg Behavioral Model of
persuasive technology [83]. A 28-day pilot trial was conduct-
ed with 20 HIV-positive YMSM, ages 19 to 24 years.
Participants found the app easy to use and navigate, not intru-
sive, and experienced few technical issues. Higher levels of
app usage were positively correlated with HIV self-
management outcomes. There was a statistically significant
(p < 0.05) positive association between the number of days
logged into the app and knowledge and confidence in ability
to reliably take HIV medications [29].

Multilevel Apps/Multilevel Interventions

The weCare intervention, described above, is an excellent
example of a multilevel intervention, as it includes in-person,
SMS, Facebook, and app-based instant messaging [27]. More
multilevel interventions for PLWH exist; however, many have
not been tested in an RCT. The Health Resources and Services
Administration (HRSA) funded an initiative entitled “Using
Social Media to Improve Engagement, Retention, and Health
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Outcomes along the HIV Care Continuum Initiative for Youth
and Young Adults Living with HIV.” Ten clinical demonstra-
tion sites examined the feasibility and acceptability of various
combinations of bi- and/or unidirectional messaging services,
SMS/text messaging, original or adapted mobile applications,
and social media to improve adherence [84]. Two promising
projects from the initiative are OPT-In for Life and
PositiveLinks. OPT-In for Life is a multifaceted, mobile
app-based intervention with integrated user-friendly features
including a two-way secure SMS, viewable HIV-related lab-
oratory results, and appointment and medication reminders. It
was tested among 92 YLWH (18 to 34 years old) who had a
history of falling out of care or had detectable HIV viral loads.
Retention rates among study participants increased from
41.3% at baseline to 78.6% at 6-month follow-up. This rate
was maintained at 12-month follow-up (79.8%), and slightly
decreased to 73.4% at 18-month follow-up but it was still
significantly higher than the baseline retention rate (p <
0.0001). The rate of viral suppression (HIV RNA <200
copies/mL) increased from 64.1% at baseline to about 85%
at 6-month and at 12-month follow-up and reached 91.4% at
18-month (p = 0.0002) among the participants who were
retained in care [85]. Although these demonstration projects
intervened onmultiple technological levels (e.g., social media,
SMS, apps), the utilization of familiar smartphone technology
likely contributed to their success.

There has been an impressive evolution in mHealth adher-
ence interventions for PLWH. However, significant gaps in
our knowledge remain. The vast majority of newer mHealth
interventions have been tailored to adolescents and young
adults [77]. Although youth are early adopters and widespread
utilizers of technologies, mobile phone use is ubiquitous, and
people of all ages have access to mobile technology. mHealth
interventions for older adults and other special groups are
needed. Additionally, there is a great need in moving
mHealth pilot studies to larger-scale clinical trials. Finally,
future mHealth or eHealth adherence trials for PLWH should
address issues of implementation in clinical settings and mea-
sure cost-effectiveness. The recently funded UNC/Emory
Center for Innovative Technology (iTech) Across the
Prevention and Care Continuum is developing standardized
cost collection analytic strategies to be used across their cur-
rent research portfolio of ten technology-based HIV-related
interventions. Proving the cost-effectiveness of mHealth inter-
ventions will aid in their widespread clinical use [86].

Targeted and Tailored Interventions

In the USA and around the world, some populations are dis-
proportionately impacted by HIV/AIDS and are at higher risk
for suboptimal ART adherence. In addition to youth, other
vulnerable populations include racial minorities, women (both

cis- and transgender), MSM, and older adults. Also, depres-
sion and substance use disorders are the most common
noncommunicable comorbidities among PLWH [87, 88] and
have been consistently shown to be associated with reduced
ART adherence. Psychosocial interventions that address the
needs of these groups have the potential to improve overall
health outcomes and reduce illness burden. While promising
examples of such interventions exist, some clear and pressing
gaps remain.

Adolescents and Youth

There is a great need for adherence-promoting interventions
for YLWH as this population has an increased HIV-related
mortality rate, and poorer retention in care compared to older
individuals [89]. As of 2018, youth (ages 13 to 24 years)
accounted for 21% of new HIV diagnoses in the USA [90].
Furthermore, among PLWH, youth have low rates of viral
suppression. The Centers for Disease Control and
Prevention (CDC) estimate that only 30% of YLWH are vi-
rally suppressed, 43% receive some HIV care, and 31% are
retained in care [90]. Surveillance data indicates that YLWH
(ages 18 to 24) are more likely to identify as racial and sexual
minorities, engage in sexual activity without a condom, and
have psychosocial stressors, including poverty, incarceration,
substance abuse, and homelessness, as compared to older
PLWH (all p < 0.01) [91]. In addition to these stressors,
YLWH face transitions in care from their pediatric healthcare
providers to adult care settings during young adulthood. This
transition often results in rupture in care. A recent review
found highly variable rates of retention (37% to 94.7%) after
this transition with worsening rates over time [92]. In an effort
to reach youth with an appealing intervention format, many of
the promising ART adherence interventions for YLWH utilize
technology (as reviewed above) [28, 52, 93].

Older Individuals

Because antiretroviral medications have enabled individuals
to live longer with HIV, over half of all PLWH in the USA are
over the age of 50 [94]. Studies have found that older age is
associated with reduced ART adherence [94, 95].
Unfortunately, there is a dearth of ART adherence interven-
tions tailored to older adults. Older PLWH face many unique
challenges, including increased comorbidities, physical and
cognitive impairments, and adverse drug interactions [94].
Non-adherence among older individuals is of particular con-
cern as it can hasten disease progression and mortality [94].
To identify possible intervention strategies, Johnson et al.
assessed 244 PLWH over age 50 using the cognitive-
affective model based on social support theory and the stress
and coping model. Neuropsychological functioning was not
associated with ART adherence, and consistent with the stress
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and coping model, social support and maladaptive coping
were mediators. Therefore, future interventions for older
adults should address negative affect and provide adaptive
coping strategies and social support [95]. An open pilot trial
by Pagan-Ortiz et al. tested a text-based mobile phone inter-
vention to improve ART adherence among 21 older (ages 50–
68) African Americans living with HIV. The intervention,
informed by the Health Beliefs Model and SCT, incorporated
pill reminders, and motivational/informational messages. At
the 8-week follow-up, ART adherence was significantly im-
proved by self-report. This suggests that text-based interven-
tions are a feasible and effective method to improve adherence
in older PLWH [26]. Telephone-delivered ART adherence
interventions are another option and are currently being ex-
plored in the ongoing PRIME study among a sample of 426
PLWH over age 50 in the USA [96].

Women

In 2018, women comprised 19% of new HIV diagnoses in the
USA and, of these women, 57% identified as Black or African
American [97]. Furthermore, AIDS is the leading cause of
death globally for females between the ages of 15 and 49
[98]. Suboptimal ART adherence has been associated with
female gender and minority status [99, 100]. However,
existing interventions for women living with HIV (WLWH)
show mixed results and there are few existing interventions
specifically tailored to African American WLWH [100]. The
Keeping Health and Active with Risk Reduction and
Medication Adherence (KHARMA) Project is an ART adher-
ence trial [36]. It was tested in a sample of primarily African
American WLWH on ART (n = 203) who were randomized
into nurse-led MI intervention or control health promotion
program [40]. Adherence rates significantly declined in both
groups (p < 0.0005), but at 3 months, intervention participants
who attended seven or more sessions took more doses and
took them more on time than controls (p = 0.04). On a larger
scale, Pellowski et al. (2019) conducted a systematic review (n
= 14) and meta-analysis (n =13) of ART adherence interven-
tions that included 1806 cisgender WLWH. Analyses initially
demonstrated that the interventions were effective at increas-
ing medication adherence, but they lost significance when two
studies with larger effect sizes were excluded. Moderators of
larger effect sizes included employing group-based interven-
tions (β= 0.47; p =0.049), being located in an LMIC (β =
0.50; p = 0.043), and utilizing nurses and peer counselors
(β= 0.53; p = 0.02). As noted by the authors, only three of
the studies explicitly stated that the intervention had a gender-
specific focus, despite specifically recruiting and targeting
ART adherence in WLWH [101].

Pregnancy also poses a unique challenge to ART adher-
ence for WLWH. Barriers to medication initiation and adher-
ence in pregnancy include lack of knowledge, younger age,

unknown HIV status, lack of self-efficacy and social support,
stigma, and concerns about cost and side effects [102]. Also,
there is a significant risk of WLWH dropping out of care
during the postpartum period. One retrospective cohort study
of 561 WLWH in the USA demonstrated that in the 2 years
post-delivery, only 25% of the participants were retained in
care and 34% were virally suppressed [103]. Psychosocial
interventions have attempted to address these issues. The use
of peer support in improving postpartum care retention has
shown promise in WLWH in African countries, particularly
interventions that include home visits, counseling, medication
reminders, education, and cognitive behavioral skills [104].
Furthermore, a meta-analysis of pregnant WLWH in sub-
Saharan Africa (n = 27,974) found that ART adherence was
reported by 59.3% of intervention participants versus 22.5%
of control participants [105]. Although a variety of interven-
tions were analyzed and there was heterogeneity among out-
come variables, ones that addressed a range of psychosocial
factors showed a significant effect on adherence: (1) social
support and structural support (RR = 1.58; p < 0.00001), (2)
education, social support, and structural support (RR = 2.60;
95%; p < 0.00001), and (3) device reminders (RR = 1.13; p =
0.0004).

Transgender women living with HIV are also at risk for
suboptimal medication adherence. Of the 2351 transgender
individuals who were diagnosed with HIV in the USA be-
tween 2009 and 2014, 84% were transgender women and half
of them identified as Black or African American [106]. In a
study of 2200 YLWHDowshen et al. (2016) found that trans-
gender women had worse adherence rates than to matched
behaviorally infected youth (51.5% versus 30.0%, p =
0.020). Transgender youth were also more likely to report
psychosocial stressors, including low educational achieve-
ment (p < 0.001) and unemployment (p < 0.001).
Furthermore, lack of social support for appointments, unstable
housing, and depression increased the predicted probability of
having a detectable viral load in these individuals (p < 0.001)
[107]. Similar findings have been seen in adults. In a sample
of HIV-infected adults, Baguso et al. found that in comparison
to men (n =201) and cisgender women (n =72), transgender
women (n = 22) had lower adherence to medications (p =
0.028) and were less likely to achieve viral suppression (p =
0.039) [108]. Despite the high incidence of HIV and low rates
of ART adherence in transgender women, ART interventions
are lacking. These findings illustrate that need for tailored and
culturally appropriate interventions for cis- and transgender
women living with HIV.

Men Who Have Sex with Men (MSM)

Gay and bisexual men accounted for 69% of new HIV infec-
tions in the USA in 2018 [109] and the majority of those men
identify as Black or African American [110]. Gay and
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bisexual men living with HIV face numerous barriers to
achieving optimal ART adherence, including stigma, sub-
stance use, violence, trauma, limited economic resources,
and mental illness [111–113]. Furthermore, younger and ra-
cial minority men are at an increased risk of not being virally
unsuppressed, which increases their risk of poor health out-
comes and transmission to their partners [112–114]. A variety
of ART adherence interventions have been developed and
tested, many of which included a substantial proportion of
racial minorityMSM; however, fewer interventions have been
tailored specifically for this group. In addition to the
technology-based interventions mentioned above [29, 41],
Blashill et al. examined the efficacy of an individual, 12-
session CBT intervention for body image and self-care
(CBT-BISC) in sexual minority males LWH (n = 44). In this
study, compared to participants in TAU, those in CBT-BISC
had significantly greater on-time ART adherence during the
treatment phase (β = 8.8, p = 0.01) and total adherence at 3
months after the intervention (β = 8.6, p = 0.039) [44].
Combining in-person and technology-based modalities,
Project nGage, an intervention designed for young Black
MSM (n = 98) using the IMBmodel, CBT, andMI, employed
one 90-min in-person session followed by four mobile phone
booster sessions. Those in the intervention, compared to
TAU) were 2.91 times more likely to report ≥ 90%medication
adherence (p = 0.031) at 12 months [41].

Living with HIV and Depression

Compared to the general population, PLWH are twice as like-
ly to suffer from depression, with 20–30% being affected in
the USA [87, 88, 115, 116]. Grief regarding diagnosis, the
stress of managing a chronic illness, lack of social support,
and internalized stigma are among the factors attributed to this
increased prevalence [88]. Untreated depression in PLWH has
been associated with cognitive impairment [88], sexual risk
behaviors [115, 116], lower CD4 counts, higher viral load,
and higher mortality rates [87, 115, 116]. Notably, a meta-
analysis of 95 studies revealed that depression was significant-
ly associated with lower ART adherence (p < 0.0001) [87].
Turan and colleagues’ study among women with HIV
(n=862) found depressive symptoms mediated the effect of
baseline internalized stigma on ART adherence at follow-up
(β = −0.05, 95% CI [−0.11, −0.006]), which helps illuminate
the mechanism behind these effects on adherence [117].

Treatments for depression (i.e., antidepressants and
psychotherapy) have been shown to be effective and
safe for use in PLWH [116] and may improve ART
adherence. A meta-analysis of 29 studies, from around
the world, by Sin et al., demonstrated that, overall, the
treatment of depression and psychological distress im-
proved ART adherence (p < 0.001). On average, partic-
ipants were 83% more likely to adhere to ART if they

were treated for depression. This benefit was magnified
among samples with lower CD4 counts and more severe
depression at baseline [118]. Within this meta-analysis,
four well-powered, observational studies examined the
effects of antidepressants on adherence, while two addi-
tionally compared the effects of antidepressants with
psychotherapy on ART adherence [119]. However, nei-
ther study reported the types of therapy provided [119,
120]. These four studies all found that those receiving
depression treatment had significantly better ART adher-
ence than control PLWH with untreated depression,
with all p-values < 0.002 [119–122]. Furthermore,
Turner et al. found that compared to those receiving
no depression treatment, the likelihood of adhering to
ART was greater for both those receiving solely psy-
chotherapy alone (AOR 1.52; 95% CI, 1.03–2.26) or
combined both psychotherapy and antidepressants
(AOR 1.49; 95% CI, 1.04–2.15) [119]. Similarly,
Akinicigil et al. found that receiving either antidepres-
sants or psychotherapy alone was associated with better
adherence than no depression treatment (AOR 2.52;
95% CI, 1.40–4.53) [120].

In another meta-analysis of 14 studies from sub-Saharan
Africa, depression interventions were also associated with
l a rge improvemen t s in dep re s s ion (p < 0 .01 ) .
Pharmacological interventions yielded stronger depression
benefits compared to psychological interventions. However,
no significant improvement was found on ART adherence,
based on CD4 count (p = 0.08) [123]. The bulk of studies
have compared depression treatments to no treatment. In con-
trast, two studies evaluated the impact of a manualized, mea-
sured-guided, depression treatment among YLWH at HIV
clinical care sites in the USA [124, 125]. Both studies were
cluster randomized trials of a medication management algo-
rithm and tailored CBT, which was compared to standard
access to medication and psychotherapy at control sites. The
larger study enrolled 156 YLWH at thirteen sites and found
that the patients at intervention sites, compared to TAU, re-
ported fewer depressive symptoms (p < 0.01) and were more
likely to have responded to treatment (62.3% vs. 17.9%, p <
0.001). These studies suggest that tailoring interventions and
measured-guided care can improve the efficacy of the treat-
ment of depression.

Despite the high prevalence of depression and the
clear benefits of treatment, less than 20% of PLWH
with depression receive effective treatment [116]. Low
treatment rates in LMICs have been frequently attribut-
ed to healthcare provider shortages [87]. To address this
issue, healthcare workers could be trained to provide
evidence-based, CBT treatments [116]. Another possible
solution could be that all practitioners receive standard-
ized depression treatment recommendations through
pamphlets and workshops. Findings also suggest the
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benefit of providing depression-specific health education
(opposed to general mental health information) and peer
support to PLWH to help them identify signs of depres-
sion and seek resources [126].

Living with HIV and Substance Use Disorders

As with depression, studies show elevated prevalence of sub-
stance use among PLWH. PLWH consume twice the amount
of alcohol as the general population, and roughly 25% meet
diagnostic criteria for substance use disorder [45, 127].
Substance use by PLWH is particularly concerning as it is
associated with sexual risk behavior and poorer adherence to
ART, which can propagate HIV transmission and increase
morbidity and mortality [45, 127]. It is imperative that inter-
ventions target the unique barriers to ART adherence experi-
enced by those using drugs and/or alcohol.

One US study of 180 heavy drinking, MSM with HIV
compared the effects of MI and TAU on reducing problematic
alcohol use. TheMI group consumed fewer drinks per week at
both 6-month (8.0 vs 14.5 drinks; p < 0.001) and 12-month
follow-up (7.2 vs 11.6 drinks; p < 0.04) periods compared to
the TAU group [15]. However, there were no significant dif-
ferences in viral load and CD4 count [46]. Another RCT to
reduce problematic alcohol use in PLWH (n=40), compared
MI/CBT to an equal attention control, the World Health
Organization Mental Health Gap Action Programme (WHO
mhGAP), in Zimbabwe. In this case, both treatment groups
experienced reduction in alcohol use (p < 0.001), and there
were no significant differences between groups (p = 0.70)
[47]. In contrast to the prior study, both treatment groups also
had improved CD4 counts at 3 months. However, it is impor-
tant to note that the earlier study’s intervention consisted of
only one in-person session and two short phone calls, in con-
trast to sixteen sessions in mhGAP [46, 47].

Altice et al. targeted cocaine and heroin using populations
in an individual-level intervention, directly administered ART
(DAART) for drug users. Intervention participants were
reminded daily via pager to report to a community healthcare
van for their medications where adherence could be observed,
and social support provided. After 6 months, a significantly
greater proportion of the intervention group had a reduction in
HIV RNA levels compared to the self-administered therapy
group (70.5% vs. 54.7; p = 0.02) [128]. In addition, Turner
et al. found that among men living with HIV and a substance
use disorder, regular drug treatment was significantly associ-
ated with improved ART adherence (AOR= 1.26; 95% CI,
1.02–1.56). Regular drug treatment was also associated with
improved ART adherence in men with HIV, depression, and
substance use disorder (AOR= 1.65; 95% CI, 1.19–2.28)
[119]. One systematic review in the USA assessed the effect
of medications for opioid use disorder (OUD) on ART adher-
ence among PLWH. Overall, both methadone and

buprenorphine were correlated with improved adherence,
when measured by viral load and CD4 counts, and reduced
mortality among PWLH with OUD [129]. Similar to Altice
et al., Lucas and colleagues utilized DAART for a 12-month
intervention among opioid users in a methadone clinic with
daily direct observation of patients using ART. At 6 months,
the intervention group, compared to the control, had a signif-
icantly larger decrease in viral load (2.5 vs. 1.3 log10
copies/mL, p = 0.001) and larger proportion who achieved
an undetectable viral load (74% vs. 41%, p < 0.001) [130].

These studies highlight the importance of addressing sub-
stance use among PLWH. To do this, clinicians should screen
patients for alcohol and drug use, monitor their adherence and
refer them to targeted treatment [131]. One such example is
the adaptation of the intervention Life Steps by Claborn et al.,
to include educational, motivational, and behavioral skills
components that target both ART adherence and substance
use among PLWH [127]. Furthermore, those with OUD
would likely benefit from medications for OUD, such as
buprenorphine and naloxone, and from needle exchange pro-
grams [129, 132].

Conclusions

When reviewing the literature on psychosocial interventions
to improve ART adherence in PLWH, it can be a challenge to
draw sweeping conclusions. There is great variability among
interventions in terms of quality, intervention, sample, mea-
sures, and outcome characteristics. However, even with this
variability, systematic reviews and meta-analyses have dem-
onstrated that psychosocial interventions improve ART adher-
ence. A recent meta-analysis by Spaan, van Luenen,
Garnefski, and Kraaj (2020) examined 43 high-quality RCTs
(n = 5095) that specifically examined psychosocial interven-
tions to improve ART adherence. Overall, the analyses dem-
onstrated that psychosocial interventions have a moderately
positive effect on ART adherence (Hedges’ g = 0.37; p <
0.001). Study location, duration, and type of intervention,
provider, and control used did not significantly impact effect
sizes [133]. Therefore, it can be concluded from these analy-
ses that a wide range of psychosocial interventions can be
effective for improving ART adherence across a variety of
settings.

Our review also demonstrates that interventions informed
and guided by models and theories are often more successful
than interventions lacking theoretical underpinnings [133]. In
the presence of numerous health behavior models and theo-
ries, it is impossible to determine which are most useful in
improving health behavior. Instead, it is clear that models
and theories are useful in identifying themost salient of factors
related to ART adherence in a specific population. The list of
potential influences is long and includes an individual’s
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knowledge, attitudes, emotions, and risk perception, power
dynamics between partners, accessibility of services, econom-
ic inequalities, and stigma. Examination of these factors with
models and theories can suggest the most relevant intervention
targets to improve health. The majority of ART adherence
interventions focus on individual and interpersonal factors,
while few address structural, community, and institutional or
health system barriers to ART adherence [53]. A recent meta-
analysis of psychological interventions to improve ART ad-
herence found that individual-level psychological interven-
tions are effective strategies to improve ART adherence in
the short term [53]. However, there is a lack of evidence for
interventions demonstrating longer-term improvements in
ART adherence. Interventions that address issues of accessi-
bility, inequality, and structural and institutional barriers to
care should be prioritized and could demonstrate longer-term
improvements in adherence.

It is important to note the lack of ART adherence interven-
tions tailored to African American women, African American
MSM, and transgender individuals. These groups are at risk
for poor adherence due to stigma as well as structural and
systemic barriers to care. Of the 19 interventions listed on
the CDC’s Compendium of Evidence-Based Interventions
for ART Adherence (DEBI), there are no interventions tai-
lored to African American women, only one tailored to
African American MSM, and just one tailored to transgender
persons. Despite the large number of interventions for youth
in development or pilot stages, there is only one DEBI listed
for youth. Future research should examine how to tailor
evidence-based approaches to populations that are at risk for
suboptimal adherence. Interventions should also assess and
intervene upon structural and system-level barriers to adher-
ence in addition to individual-level factors [134].

Implementation science (IS) frameworks can be used to
assess and address issues of accessibility, inequality, structural
and institutional barriers to care and could be helpful in tailor-
ing interventions to marginalized groups. Incorporation of
evolving clinical, cultural, and community context into inter-
vention delivery is critical for addressing inequity. IS frame-
works can also be used to examine both individual and
system-level factors influencing the sustainment of interven-
tion effects [135].

Future research should examine intervention cost-
effectiveness in clinical settings, outside the context of the
RCT. Technology-based interventions hold great potential
for cost-effective intervention delivery. However, even easily
scalable technologies require receptive healthcare delivery
systems and human and financial investment. IS frameworks
can also be used for understanding and harnessing community
and system-level resources for long-term sustainability [136,
137].

Another future area of research is the identification of flex-
ible interventions that address a “continuum” of ART

adherence needs. It is unlikely that the needs of a person
newly starting ART are similar to those of a patient who has
been in long-term care. Nor is it reasonable to assume that the
needs of patients with poor ART adherence are similar to
those who are working to maintain optimal or perfect adher-
ence. Sequential, multiple assignments, randomized trials
(SMART) trials can intervene with groups of patients
scattered across a continuum of adherence needs using a va-
riety of intervention components in order to determine the
optimal intervention components.

This review adds to the existing literature by establishing
the positive effect of a wide range of psychosocial interven-
tions on medication adherence in PLWH. Better medical ad-
herence improves the health of individuals living with HIV
and decreases transmission risk. Achieving optimal ART ad-
herence can be challenging, especially in the long term. It is
important for clinicians and researchers to understand both the
evolution of ART adherence interventions and the most recent
developments in the field.
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