
Interventions for Enhancing Adherence
to Antiretroviral Therapy (ART):

A Systematic Review of High Quality Studies

Lawrence Mbuagbaw, MD,1–3 Bhairavi Sivaramalingam, MD,4 Tamara Navarro,1

Nicholas Hobson,1 Arun Keepanasseril, MD,5 Nancy J. Wilczynski,1

R. Brian Haynes, MD,5 and the Patient Adherence Review (PAR) Team

Abstract

We sought to review the effectiveness of interventions designed to improve adherence to antiretroviral therapy
(ART) from studies included in a recent Cochrane review that reported a clinical and an adherence outcome,
with at least 80% follow-up for 6 months or more. Data were extracted independently and in duplicate, with an
adjudicator for disagreements. Risk of bias was assessed using the Cochrane Risk of Bias tool. Of 182 relevant
studies in the Cochrane review, 49 were related to ART. Statistical pooling was not warranted due to het-
erogeneity in interventions, participants, treatments, adherence measures and outcomes. Many studies had high
risk of bias in elements of design and outcome ascertainment. Only 10 studies improved both adherence and
clinical outcomes. These used the following interventions: adherence counselling (two studies); a once-daily
regimen (compared to twice daily); text messaging; web-based cognitive behavioral intervention; face-to-face
multi-session intensive behavioral interventions (two studies); contingency management; modified directly
observed therapy; and nurse-delivered home visits combined with telephone calls. Patient-related adherence
interventions were the most frequently tested. Uniform adherence measures and higher quality studies of
younger populations are encouraged.

Introduction

Adherence is defined as the ‘‘extent to which patients
take medications as prescribed by their health care

providers.’’1 A broader definition, ‘‘the extent to which a
person’s behaviour—taking medication, following a diet, or
executing lifestyle changes—corresponds with agreed rec-
ommendations from a health care provider,’’2 incorporates
and recognizes the other factors that can influence adherence,
including the fact that patients may disagree with a prescribed
regimen. For example, lifestyles of substance abuse may have
negative effects on adherence to medication.3–6 Likewise, the
factors affecting adherence may differ in specific subgroups,
such as pregnant women for whom concerns for fetal safety
may be a reason for not taking medication as prescribed.7

Irrespective of the underlying factors for poor adherence, it
has nefarious consequences on clinical outcomes, reduces
quality of life, and wastes medication.2

This is especially true for human immunodeficiency virus
(HIV) infection. Currently, close to 35 million people are
living with HIV worldwide.8 The advent of antiretroviral
therapy (ART) has led to important reductions in the mor-
bidity and mortality due to HIV. ART reduces HIV viral load
to undetectable levels in the serum, yet even when the virus is
undetectable, replication is still taking place in lymphatic
reservoirs.9 This implies that high levels of adherence to
uninterrupted ART are required to maintain prolonged viral
suppression.10

Recent evidence suggests that viral suppression may still
occur at thresholds of adherence as low as 80%,11,12 yet the
highest levels of adherence are expected since they corre-
late with better clinical and immunological outcomes.13,14

The benefits of ART are limited by poor adherence, which
often leads to treatment failure, more resistant viral strains,
progression to acquired immune deficiency syndrome
(AIDS), higher mortality rates, higher hospitalization rates,
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and longer stays in hospital.10,15–18 All these consequences
increase health care costs—an unfortunate situation given
that two-thirds of the people living with HIV are in the most
economically disenfranchised region of the world, sub-
Saharan Africa.8 Poor adherence also has public health
implications, as the transmission of resistant strains leave
the newly infected with limited therapeutic options.19, 20 The
literature reports that adherence rates of 90% or more can
be found in only about 62% of observational studies, with higher
rates among men who have sex with men (MSM), in individuals
at an early stage of infection, and in developing countries.21

Given the above, it is critical from a public and individual
perspective to investigate and describe the interventions that
are effective in improving adherence to ART. Systematic
reviews report that there is limited evidence on interventions
to improve adherence to ART in the pediatric population;22

yet older adults are less likely to be non-adherent;23 there
may be benefit in addressing mental health issues that affect
adherence;5,24,25 motivational interviewing may offer some
benefit,26 and reduce viral load in youth.27 Weekly reminder
text messages28–30 and treatment supporters29 also improve
adherence and reduce viral load in low resource settings. Food
security, community health workers, and social networks may
improve adherence in displaced persons living with HIV. 31

One review of adherence interventions in World Health Or-
ganisation (WHO) stratum A (low mortality rates) reported that
most interventions employed in this setting had no effect,32

while a review of studies based in the United States identified
10 effective evidence-based interventions for improving
adherence to ART. These interventions included interactive
discussion sessions, pager messages, and home visits.33

A recent update of a comprehensive review of trials of
adherence interventions showed substantial increase in the
number of trials over the past 5 years, especially including a
large increase in the number of HIV trials.34 In view of this
new evidence and the unique features of adherence to HIV
regimens, we undertook to review in detail, the trials of in-
terventions to improve adherence with HIV regimens.

Methods

Types of studies

This review builds upon a previous review covering high
quality studies [randomized controlled trials (RCTs) with at
least 80% complete follow up for 6 months or more] on all
adherence interventions to prescribed medication for any
condition except addiction.34 The search was updated to in-
clude all such studies published up to December 2013, on
adherence to ART.

Participants

We included all participants, irrespective of age, living
with HIV and receiving ART.

Interventions

All adherence enhancing interventions were included, and
categorized according to the dimensions proposed by the
WHO:2

� social- and economic-related interventions;
� health system/health care team-related interventions;

� therapy-related interventions;
� condition (co-morbidity)-related interventions;
� patient-related interventions.

Interventions were categorized as ‘‘complex’’ if they be-
longed to more than one of these categories.

Outcomes

We included only studies that reported both adherence
measures (as reported by the authors) and clinical outcomes
such as viral load (change or proportion with undetectable
levels), T-lymphocyte cell count (change), progression to
AIDS, mortality and other co-morbidities.

Search methods for identification of studies

The search strategy for the main review is reported in
detail elsewhere.34 In brief, The Cochrane Library, MED-
LINE, CINAHL, EMBASE, International Pharmaceutical
Abstracts (IPA), PsycINFO (all via OVID), and Sociological
Abstracts (via CSA) were searched to December 2013 using
combinations of search terms such as: patient compliance,
adherence, non-compliance, clinical trials, randomized, con-
trolled, regimen, treatment, drug therapy, medication etc.,
adapted for each database.

Data collection and analyses

Randomized trials on interventions to improve adherence
to ART identified in the previous review were selected. The
results of the updated search were screened for duplicates,
then screened for relevance. The full texts of the selected
articles were used for further screening and data extraction.
Full text articles were read independently by two authors. A
third author adjudicated when there were disagreements on
the decision to include or on the data extracted. Study authors
were contacted to verify extracted data and given 2 weeks to
respond, after which we proceeded with the review. The
following data were extracted: full referencing, study setting
and design, characteristics of the participants, interventions,
measurements, comparisons and outcomes; whether the inter-
ventions improved adherence or clinical outcomes; and cost.

Risk of bias

For each of the studies, two authors working independently
evaluated random sequence generation, allocation conceal-
ment, and selective outcome reporting. For each of the out-
comes reported, we evaluated blinding of study personnel,
clinic staff, and participants. We also checked for other
sources of bias, including power to detect a statistically sig-
nificant difference in the primary outcome as reported by
the authors or based on a sample size of at least 50 per arm.
We noted whether there was high, low, or unclear risk of
bias (insufficient information reported to make a judgment).
Disagreements in these judgments and their justifications
were adjudicated by a third author who made a final decision.

Analyses and reporting

We planned to pool sufficiently similar studies using ran-
dom effects meta-analysis. Odds ratios (95% confidence in-
tervals) were reported for binary data; mean differences (and
standard deviation) were reported for continuous data and
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statistical heterogeneity was assessed using the Q test and the
I2. Studies that could not be pooled were synthesized narra-
tively. Our findings are reported according to Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.35 We paid specific attention to the
following subgroups of interest: category of intervention, low
versus high income settings, interventions with a theoretical
framework, and technology based interventions.

Results

Results of search and update

The latest Cochrane review identified 182 studies, of
which 49 were about HIV.34 The flow of studies during the
screening process is displayed in Fig. 1.

Characteristics of included studies

A summary of all the included HIV studies is reported in
Table 1. The heterogeneity of the studies, in terms of inter-
ventions characteristics, participants, treatment regimens,
adherence measures, and clinical outcome measures pre-
cluded any form of quantitative synthesis.

Studies. We extracted data from 49 RCTs published
between 1999 and 2013. Two of them recruited from more

than one country.36,37 Twenty-four were conducted in the
USA,38–61 two in the UK,62,63 two in Spain,64,65 three in
Kenya,66–68 two in France,69,70 three in China,71–73 one each
in Brazil,74 Mozambique,75 Switzerland,76 Uganda,77 South
Africa,78 and Nigeria.79 The country in which the study was
conducted was not reported in five studies.80–84 The median
sample size was 170 (min = 34; max 966).

Participants. The participants in these studies were all
people receiving antiretroviral therapy either curatively or as
post-exposure prophylaxis. Some of them had co-morbidities,
such as depressive symptoms, or had been identified as
having challenges with adherence. Only five included par-
ticipants aged less than 18 years.39,47,78,79,82

Interventions. Based on the factors responsible for poor
adherence, the interventions were categorized as patient re-
lated (n = 31),36,38,40–43,45–48,50,53–55,58,60,61,64–68,70–72,74,76,78,

80,81,84 complex (n = 11),39,49,51,52,56,57,59,73,75,79,82 therapy
related (n = 5),37,62,63,69,83 social and economic factors
(n = 1),77 and condition related (n = 1).44 The interventions in
thirty-nine of these studies targeted only the patient;36–38,40–

50,53–71,74,76,80,81,83,84 the rest included, in addition to the
patient, the patients’ family care-givers and friends (they may

FIG. 1. Flow diagram of study selection.
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have received counselling, education, home visits, or par-
ticipated in observing the patient take medication).39,51,52,

72,73,75,77–79,82 Thirty of these interventions were theory
based (i.e., they explicitly applied a theoretical framework in
the development of the intervention).39,41–50,52–55,57,58,61,65,

66,70–72,74–76,78,80,81 Our attempts to group these interventions
into meaningful categories did not fully address the detail and
complexity of each intervention. More information on the
interventions can be found in Table 1.

Outcomes. The most commonly reported clinical out-
comes were viral load or CD4 count.36–43,45,47,48,51–72,74–76,

79–84 Eleven studies addressed psychosocial outcomes, in-
cluding depressive symptoms.38,50,53,57,68,73,76,78–80,83 A va-
riety of measures were used for adherence (singly or in
combination), including self-reported measures (the visual
analogue scale, ACTG, SMAQ, questionnaires),36–39,41,44,48–

50,53,55–59,64,65,67,68,70–73,75–77,80–82,84 pill counts,37,45–47,59,60,

64,68,77,78 electronic devices (MEMS or EDM), 40,42,43,51,52,

54–59,62,69,71,72,74,76,83 and pharmacy refill records.45–47,66,79

Only 22 of the included studies measured adverse events that
may arise due to the intervention.36,37,40,45,48,51–54,59,60,62,

63,65–67,69,70,72,78,80,83 Only five reported the cost of the in-
tervention. 42,67,68,75,76

Risk of bias in included studies

Risk of bias assessments are summarized in Tables 2, 3,
and 4.

Random sequence generation. Most studies (33/49)
reported an appropriate method of random sequence gener-
ation, except for 15, in which it was impossible to make
a judgement,36,37,46,51,54,55,61,63–65,70,72,73,81,83 and one in
which we judged the risk of bias to be high because some
participants were allocated to the intervention arm without
randomization.82

Allocation concealment. In most studies (30/49) it was
impossible to determine how allocation was concealed. Se-
venteen of them reported appropriate measures of allocation
concealment. One study was judged to be at high risk of bias
because the randomization envelopes used were not sealed.71

Selective outcome reporting. Most of the time it was
impossible to judge whether there was selective outcome
reporting (38/49). The rest of the studies were judged to be at
low risk of bias.

Other sources of bias. Six studies were exposed to other
sources of bias. In one of these, some of the participants in
both arms received an additional adherence intervention and
the data collected on lab results did not coincide with follow-
up time.43 In the second study, the intervention was very
complex with multiple components seemingly biased to-
wards finding an effect.73 In the third, the same nurses were
involved in care for both groups, with a potential for con-
tamination.72 In the fourth, the intervention was related to
drug abuse despite a low prevalence among the study par-
ticipants; as such the findings might not be generalizable to
other populations.38 The fifth was an open study with self-
reported measures of adherence;64 and in the last, the same
counsellor provided services to participants in the intervention

and control groups.61 We judged that at least 11 of the included
studies were underpowered to show statistically significant
differences in the primary outcome.38,39,47,58,60,61,63,65,74,76,82

Risk of bias for adherence outcomes. The 49 included
studies reported on 76 adherence outcomes. Risk of bias for
measuring adherence outcomes was generally high. Clinic
staff were not blinded for 12 outcomes (12 studies);36,37,39,

55,64,65,68,71,75–77,84 study personnel were not blinded for 8
outcomes (8 studies);36,37,39,64,65,71,76,77 participants were not
blinded for 60 outcomes (39 studies);36–40,42,43,47–50,53–59,

61,63–65,67–80,82–84 and there was incomplete data for five
outcomes (5 studies).54,58,61 65,73

Risk of bias for clinical outcomes. The 49 included
studies reported on 95 clinical outcomes. Clinic staff were not
blinded for 9 outcomes (6 studies);37,62,63,75,77,83 study per-
sonnel were not blinded for 10 outcomes (7 studies).37,62,63,

68,75,77,83 participants were not blinded for 28 outcomes (17
studies);37,38,49,50,55,57,62,63,68,70,73,75–77,80,81,83 there was evidence
of incomplete outcome data for 2 outcomes (2 studies).65,73

Characteristics of excluded studies

In the parent Cochrane review, 1564 studies were ex-
cluded. Reasons for exclusion appear in Fig. 1, with addi-
tional information in that review.34

Effects of interventions

The effects of interventions are summarized in Table 1.
Twenty-seven studies improved at least one adherence
outcome,39–41,44,46–48,54,56,59,61–64,66–68,70–73,75–77,79,81,83 but
only 16 improved at least one clinical outcome.37,38,43,46,48,50,

54,62,64,66–68,73,80,81,84 Six studies reported improvements in
clinical outcomes with no improvements in adherence.37,38,

43,50,80,84 Only 10 studies improved both adherence and
clinical outcomes.46,48,54,62,64,66–68,73,81

Details of the latter studies serve to illuminate the most
potent interventions among the studies in this review. Chung
and colleagues66 conducted a randomized controlled factorial
design trial in 361 treatment naı̈ve HIV-infected adults in
Nairobi, Kenya initiating ART. The participants were ran-
domized to one of four arms: counselling (three counselling
sessions around ART initiation), alarm (pocket electronic pill
reminder carried for 6 months), counselling plus alarm, and a
control arm (neither counselling nor alarm). Adherence was
measured using pharmacy refill records and the cut-off point
for virological failure was greater than or equal to 5,000
copies/mL at least 4 months after initiating ART and partici-
pants were followed for 18 months. In this study, adherence
counselling at initiation reduced the odds of virological failure
[Hazard ratio (HR) 0.41; 95% CI 0.21–0.81; p = 0.01] and poor
adherence (HR 0.71; 95% CI 0.49–1.01; p = 0.055) compared
to no counselling. The use of an alarm device had no effect.

Knobel and colleagues64 in an open label randomized trial,
provided either individual advice or conventional care to 170
HIV-infected adults receiving ART. The intervention group
received individualized counselling and assessments which
consisted of adaptation of treatment to the patient’s lifestyle,
detailed information about ART, phone support (for ques-
tions or medication-related problems), and monthly visits to
the HIV day clinic. Adherence was measured using self-
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report and pill counts and follow up was for 24 weeks. Parti-
cipants in the intervention group were more adherent [risk ratio
(RR) 1.45; 95% CI 1.16–1.82; p = 0.002] and had higher viral
load suppression (1.98– 0.7log 10/mL in the intervention group
compared to 1.02 – 0.5log 10/mL in the control group; p = 0.04).

In a multicenter open label randomized trial conducted in 9
UK sites,62 87 participants were randomized to either a once
daily (didanosine, lamivudine, and efavirenz at night) versus
a twice daily dosing regimen (zidovudine, lamivudine, and
efavirenz) for 48 weeks. Adherence was estimated as a
combination of persistence (duration on treatment) and exe-
cution (taking medication based on MEMS caps). The
threshold for undetectable viral load in this study was less
than 50 copies/mL. The once-daily group had significantly
better adherence ( p = 0.0327) and were more likely to have
undetectable viral load ( p = 0.001) at 48 weeks. There was no
improvement in participants’ beliefs about ART.

Lester and colleagues67 conducted a parallel group ran-
domized controlled trial in three clinics in Kenya. In this
study, 538 participants initiating ART (regimens determined
based on national guidelines) were randomized to receive a
short weekly text message or usual care. The message was
‘‘How are you?’’ and participants were required to respond
‘‘fine’’ or ‘‘bad’’. They would be called by a study nurse for
additional support if they didn’t respond within 48 h or re-
sponded ‘‘bad’’. The threshold for undetectable viral load
was less than 400 copies/mL. Follow-up was for 48 weeks.

Table 2. Risk of Bias in Study Design
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Table 3. Risk of Bias for Clinical Outcomes
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Knobel, 1999

Kunutsor, 2011

Kunutsor, 2011
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Romero Jimenez, 2013

Rosen, 2007

Sabin, 2010

Sabin, 2010

Samet, 2005

Samet, 2005

Samet, 2005
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Self-reported non-adherence (RR 0.81, 95% CI 0.69–0.94;
p = 0.006) and virological failure (RR 0.84, 95% CI 0.71–
0.99; p = 0.04) were lower in the intervention group.

Hersch and colleagues81 investigated the efficacy of a web-
based programme to improve adherence to medication in
people receiving ART. One hundred and sixty-eight adults
were randomized to receive the web-based programme or
a waitlist. The web-based program was an electronic adap-
tation of the Life-Steps intervention (a single session cogni-
tive behavioral medication adherence program) with
additional modules for stress reduction and mood manage-
ment. The intervention group showed a slower decline in
adherence rates (MEMS caps) than the control group
(t = 2.03, p < 0.05) and a faster decline in viral load (t = - 2.263,
p = 0.024) at 9 months.

Kalichman and colleagues46 conducted a randomized trial
among 436 HIV-infected individuals in Georgia, USA to
compare an integrated intensive behavioral intervention to an
attention control group. This intervention (based on the
conflict theory of decision making) involved one 45-min
individual goal-setting session and five 120-min group ses-
sions (which covered education on HIV, its treatment, deci-
sional balance in various scenarios, safe sex practices, and
adherence), then one final 60-min individual session to es-
tablish a personalized plan for treatment decisions, adher-
ence, and safe sex. They used unannounced telephone-based
pill counts to measure adherence to ART. At 9 months more
participants in the control group reported new sexually
transmitted infections [adjusted odds ratio (aOR) 3.0;
p < 0.05; 95% CI 1.01– 9.04] and greater adherence (Wald
v2 = 4.1; p < 0.05). There was no effect on viral load.

Parsons and colleagues48 evaluated the effectiveness of
Project PLUS (Positive Living through Understanding and
Support). One hundred and forty three HIV-infected adults
were randomized to Project PLUS or an educational inter-
vention. Project PLUS entailed 8-sessions of motivational
interviewing and cognitive-behavioral skills building. At 3
months, participants in the intervention group had significant
decreases in viral load (a 1.0 log reduction in viral load OR
2.7; p = 0.03), increases in CD4 cell count (10% or greater
increase in CD4 count; OR = 3.4; p = 0.013) and adherence,
measured using a timeline follow-back interview to estimate
number of days adherence (F [1, 111] = 4.1; p < 0.05 and
percentage of doses consumed (F[1, 107] = 4.0; p < 0.05).
These effects were absent at 6 months.

Rosen and colleagues54 randomized 56 poorly adherent
HIV-infected adults with a history of illicit substance use to
receive 16 weeks of contingency management-based coun-
selling or supportive counselling. Contingency management
(CM) involves reinforcing medication taking with rewards.
Participants in both arms were encouraged participate in
weekly one-on-one counselling sessions. In the intervention
group, adherence issues were discussed alongside printouts
of MEMS-generated pill taking behavior. They also received
monthly letters summarizing their MEMS data. The CM in-
tervention was boosted with raffles for prizes to reward good
adherence (potential total earnings were 800 dollars on av-
erage). The average MEMS-measured adherence increased
significantly more in the intervention group (t = 2.5, p = 0.01).
Viral load was lower in the intervention group at 16 weeks
(F = 6.0; p = 0.02). These differences did not persist beyond
the 16 week intervention period.

Sarna and colleagues68 conducted a randomized controlled
trial to investigate the efficacy of modified directly observed
therapy (mDOT) compared to standard care among 234 HIV-
infected adults in Mombasa, Kenya. The mDOT group did
twice weekly visits to the health center for a nurse to observe
pill ingestion, receive adherence support, and collect medica-
tion, over a 24-week period. They were followed for another 24
weeks. For weeks 1–24, non-adherence (reported missed doses)
was lower in the intervention group (9.1% vs. 19.1%; p = 0.04).
This difference did not persist in weeks 25–48. Viral suppres-
sion was more likely in the intervention group at week 72 (90%
vs. 65.2%; p = 0.027) for patients with depression. There were
no differences in CD4 count, body mass index, or survival.

Wang and colleagues73 conducted a randomized parallel
group trial of nurse-delivered home visits combined with
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Wang, 2010
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Weber, 2004
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Weber, 2004
aSome studies reported more than one outcome.

White, low; grey, unclear; black, high.
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Table 4. Risk of Bias for Adherence Outcomes
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telephone calls, compared to usual care in 116 HIV-infected
past or active heroin users in Hunan, China. During these
home visits, two qualified nurses provided information on
HIV medication and adherence, introduced adherence man-
agement skills, reinforced motivation, mobilized family
support, and lowered discrimination among family members.
Electronic pill boxes and alarms were also provided. Four
visits were given over 8 months. Phone calls were made by
the same nurses who provided the visits every 2 weeks to
assess adherence and well-being, and to provide more sup-
port. Participants in the intervention group were more likely
to report 100% of pills taken (Fisher’s exact = 14.3, p < 0.001)
and to report taking pills on time (Fisher’s exact = 18.64,
p < 0.001). The intervention group also had better depression
scores (F = 5.58; p = 0.02).

Effects by category. We attempted to narratively sum-
marize sufficiently similar studies based on the category of
intervention, low versus high income settings, interventions
with a theoretical framework, and technology based inter-
ventions. Thirty-one interventions focused on patient-related
adherence difficulties.36,38,40–43,45–48,50,53–55,58,60,61,64–68,70–

72,74,76,78,80,81,84 Only 8 (26%) of them improved both ad-
herence and clinical outcomes.46,48,54,64,66–68,81 One of 5
(20%) of the interventions targeting therapy-related adher-
ence difficulties improved both adherence and clinical out-
comes.62 One of 11 (9.1%) complex interventions improved
adherence and clinical outcomes.73 None of the interventions
for condition-related44 and socioeconomic difficulties77 was
successful for both adherence and clinical outcomes.

Effects by setting. Five of the 33 interventions (15%)
tested in high income settings were successful,46 48,54,62,64

compared to four of eleven (36%) in low income settings.66–68,73

Effects by theoretical framework. Five of the 30 (17%)
studies with an explicit theoretical framework were suc-
cessful in improving both adherence and clinical out-
comes.46,48,54,66,81

Effects by use of technology. Five studies used technol-
ogy-based interventions (interactive computers assisted ses-
sions, phone calls, text messaging, and pagers).36,50,56,67,78

Only one (20%) of these improved both adherence and
clinical outcomes.67

Discussion

Summary of main findings

In this systematic review of ‘‘high end’’ randomized trials
of interventions to improve adherence to ART, we found that
few interventions successfully improved both adherence and
clinical outcomes. No clear factors could be identified that
would explain why some interventions were more successful
than others. Despite our purposeful selection of studies with
at least 6 months follow-up and no more than 20% attrition,
we still found high risks of bias across outcomes.

This report highlights a number of issues on the current
state of the evidence. First, there is a paucity of high quality
studies in low resource settings despite the higher disease
burden for HIV.8 Second, the role of theoretical underpinnings
in adherence research for HIV is unclear. One would assume

that interventions based on some theory of behavior would
stand a better chance of improving adherence. We found no
evidence to support this. We postulate that the complexity of
adherence behavior may be beyond the scope of any one single
theory and that novel theories are warranted.

Most of the studies identified either targeted the patient
dimension of adherence, therapy-related issues, or were
complex. Not much research has been conducted on ad-
dressing socioeconomic (eliminating competing socioeco-
nomic priorities that interfere with adherence) or condition-
related limitations (symptom severity and level of disability)
to adherence. However, many studies addressed depression
as a co-morbidity that could affect adherence behaviors. We
noted that the complexity of the intervention did not seem to
correlate with outcomes. There were very few studies ad-
dressing adherence enhancement in adolescents and children,
even though close to two million children aged 15 or less are
currently receiving ART.8

A multitude of techniques were used to measure adher-
ence, ranging from self-reported measures to electronic drug
monitoring. This highlights the lack of a gold standard for
measuring adherence,85 and the need to associate adherence
measures with clinical outcomes. Many of the strategies used
to ascertain levels of adherence and clinical outcome were at
high risk of bias.

Agreements or disagreements with other reviews

Other reviews on interventions to improve adherence to
ART have identified similar limitations, including the paucity
of research on adherence enhancing interventions in younger
populations,22 the need for behavioral theories that are rele-
vant to Africa, the lack of data on cost-effectiveness,86 and
methodological limitations.87 More complex interventions
are not necessarily better than simple ones.87 One also re-
ported finding studies that improved clinical outcomes
without improvements in adherence, suggesting an alternate
mechanism for health outcomes in children.22 Two context
specific systematic reviews report that reminders may have
beneficial effects on adherence in sub-Saharan Africa, though
these effects are small.88,89 A third noted poor methodolog-
ical quality and few effective interventions in developed
countries.32 However, given the more stringent criteria used
in this review, many trials included in other reviews might
have been excluded here.

Limitations and strengths

This review has limitations. We sought to summarize data
on studies with sufficient follow-up (at least 6 months) and
limited attrition (at least 80% follow-up), but this strategy
might have led to the exclusion of some studies that would
shed more light on our findings. However, even in this subset
of higher quality studies, we still found high risks of bias in
study design and outcome assessment in many studies. The
diversity in participants, interventions, comparisons, and
outcomes measured prevented us from conducting any sta-
tistical pooling.

On the other hand, our choice of eligibility criteria pur-
posefully helps us identify studies with low attrition bias,
reporting on longer term adherence and clinical outcomes.
Long-term outcomes are of importance with ART because
it is a lifelong treatment. Clinical outcomes are useful in
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corroborating findings from imperfect adherence measures,
and are the ultimate endpoint of treatment.

Conclusions

Our findings support testing more interventions to address
adherence challenges, the need to develop a gold standard (or
uniform measures) for adherence outcome ascertainment,
and the investigation of adherence enhancing interventions
using robust designs in younger populations and high disease
burden settings.
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