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Abstract

The success of potent antiretroviral treatment (ART) for HIV infection is primarily determined by
the level of medication adherence. We systematically review the evidence on effectiveness of
interventions to enhance ART adherence in sub-Saharan Africa (SSA), where four fifths of the
more than five million people receiving ART live. We identified 26 relevant publications
reporting on 25 studies, conducted between 2003 and 2010, of behavioural, cognitive, biological,
structural, and combination interventions. The majority (16) of the studies took place in hospital
outpatient facilities in urban settings. Studies differed widely in design, sample size, length of
follow-up, and outcome measurement. Despite study diversity and limitations, the evidence to date
suggest that treatment supporters, directly observed therapy, cell phone short message services,
diary cards and food rations and can be effective in increasing adherence in some settings in SSA.
However, our synthesis of studies also shows that some interventions are unlikely to produce large
or lasting effects, while other interventions are effective in some but not in other settings,
emphasizing the need for more research, in particular, RCTs, to allow examination of the
influence of context and particular features of intervention content on effectiveness. Important
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avenues for future work include intervention targeting and selection of interventions based on
behavioural theories relevant to SSA.

Introduction

Antiretroviral treatment (ART) can significantly reduce morbidity and mortality in HIV-
infected people.1"8 However, the clinical effectiveness of ART depends crucially on
treatment adherence.”-10 Early studies indicated that maximal treatment effectiveness can
only be achieved, if patients take at least 95% of their prescribed antiretroviral doses.”- 11. 12
Several more recent studies suggest that treatment with certain potent types of ART
regimens, such as those based on ritonavir-boosted proteinase inhibitor and nonnucleoside
reverse-transcriptase inhibitor therapy, can achieve viral suppression at lower levels of
adherence,13-1% and that the adherence level required to prevent viral rebound decreases with
duration of viral suppression.1> However, despite these findings it is still true that only
sustained high levels of adherence will ensure that both the life-prolonging benefits of ART
are maximized and the risk of developing a resistant viral strain is minimized.16 Imperfect
adherence is the most common cause of failure to achieve or sustain potential treatment
benefits.1” Moreover, poor adherence has been shown to increase health care costs
considerably in both developing and developed countries.18: 19 Additionally, adherence is
essential for the reduction of HIV transmission through ART in “test and treat”
approaches.20

In recent years, many national governments in sub-Saharan Africa (SSA), with support from
international agencies and donors, have taken on the task of providing ART to all people in
need.?! At the end of 2009, almost four fifths of the more than five million people receiving
ART worldwide were living in SSA.22 ART adherence in the region may be low.23 A 2006
meta-analysis of ART adherence studies found that on average 23% of patients in studies
from SSA did not achieve “adequate levels of adherence”.24 This average masks substantial
heterogeneity in the proportion of non-adherent patients in SSA, which ranged from 2% to
70% across studies included in the meta-analysis,2® indicating a need to substantially
improve adherence in some settings in the region. Moreover, many treatment programmes in
SSA have only been operating for a few years. Experience from developed countries has
shown that adherence levels tend to fall with time on ART,25-28 and early reports from SSA
suggest similar adherence trends with treatment time.2° It thus seems likely that average
ART adherence levels in SSA will decline in the future, as treatment programmes mature.

While there is thus a clear need for effective interventions to increase ART adherence in
SSA, studies of ART adherence interventions have been primarily conducted in developed
countries; many of which have been previously reviewed.2> 30-39 Table 1 provides an
overview of categories of adherence interventions that have been used in research
throughout the developed world.3%: 3. 40 Evidence on adherence interventions from
developed countries, however, may have limited relevance for SSA because the
effectiveness of interventions is likely to depend crucially on the context in which they are
implemented. The sub-Saharan contexts share many distinct characteristics. For instance,
adherence interventions in developed countries are usually provided by nurses, pharmacists,

Lancet Infect Dis. Author manuscript; available in PMC 2014 December 02.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bérnighausen et al.

Methods

Page 3

or physicians,3%: 34 while in ART programmes in SSA an HIV care-specific health worker
cadre is commonly responsible for monitoring and supporting patients in their ART
adherence, with minimal involvement from physicians.4! Further, interventions in developed
countries may be based on theories of behaviour that are not valid in SSA, and interventions
that have been specifically tailored to the needs for adherence support of specific
subpopulations (such as men who have sex with men“2 or injection drug users39) are likely
to be of limited relevance in countries with generalized HIV epidemics. Resource-intensive
interventions directed toward the individual#3 may be challenging to implement in SSA
given the large volumes of patients, limited resources, and public health approach to
treatment.

Evidence from SSA is thus important to inform the design and implementation of ART
adherence interventions in the region. To date no review of such evidence has been
published; previous reviews have focussed on studies in the developed world.30-37 we
report findings from the first systematic review of studies investigating the effectiveness of
ART adherence interventions in SSA.

Eligibility criteria

We included studies evaluating effectiveness of interventions to improve ART adherence in
adults in SSA. Studies could report adherence as the primary or secondary outcome or
simply report adherence measurements in the presence of an intervention. For the purposes
of this review, we restricted the definition of adherence to medication adherence, i.e., the
extent to which a patient takes a medication in the way intended by the healthcare provider.
We did not review studies investigating the related but distinct concepts of adherence to
ART appointments** or retention within ART programmes.*>: 46 We did not exclude studies
based on the type of measurement used to assess ART adherence, but restricted our review
to studies with a control or comparison group (i.e., a group that did not receive the
intervention). We did not apply any other study design exclusion criteria, i.e., randomized
controlled trials (RCTSs), prospective and retrospective cohort studies, and before-after
studies were acceptable study designs. On-going trials without an interim analysis were
excluded from the final selection. We did not apply any language exclusion criteria. Only
study results from SSA were included. For multi-site studies, data from the SSA sites were
included, unless the SSA data could not be separately extracted from the study.#’ Figure 1
shows the sequence we followed in applying our exclusion criteria. Studies were excluded,
firstly, if they were reviews, letters to the editor, editorials, commentaries, or opinion
articles, and then if they did not study populations in SSA, did not include adults (i.e.,
individuals 18 years of age or older), did not report an intervention, did not contain a control
group, or did not report adherence results.

Search strategies

We carried out a systematic literature search of PubMed via MEDLINE for studies
evaluating interventions to improve adherence to ART in SSA published before 31 January
2011. To identify articles for review, we combined two broad search themes using the
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Boolean operator “and”. The first search theme — ART — combined the Medical Subject
Headings (MeSH)#8 “Antiretroviral Therapy, Highly Active” and “Anti-HIV Agents”, and
the free text word “Antiretroviral”, using the Boolean operator “or”. The second theme —
adherence — combined the MeSH term “Patient Compliance” with the free text word
“Adherence”, using “or”. The MeSH terms were used in their exploded versions, that is, in
addition to the selected MeSH term, all narrower terms that are categorized below it in the
MeSH hierarchy were included in the PubMed search:48

((“Antiretroviral Therapy, Highly Active”[Mesh] OR “Anti-HIV Agents”’[Mesh] OR
antiretroviral) AND (“Patient Compliance”[Mesh] OR adherence))

In addition, we searched the reference lists of all publications included in the final review
and all articles excluded from the review because they were review articles, editorials, or
commentaries. We further searched the following conference databases using the conference
websites: the Conference on Retroviruses and Opportunistic Infections (CROI) (up to San
Francisco, USA, in February 2010),%° the International AIDS Society (IAS) (up to Cape
Town, South Africa, in July 2009),50 the International Conference on HIV Treatment
Adherence (up to Miami, USA, in May 2010),°! and the mHealth Summit (up to
Washington DC, USA, in November 2010).52 Furthermore, relevant publications in the grey
literature (i.e., literature not controlled by commercial publishers®3) were searched,
including research reports, working papers and dissertations.>* To conduct this “grey
literature” search, the terms “antiretroviral”, “therapy”, “adherence”, and “intervention”
were typed into Google®'s internet search engine. Our review conformed to the PRISMA
checklist for systematic reviews.>®

Study selection and data extraction

Three investigators (KC, NC, and AP) worked independently, screening all abstracts from
MEDLINE that suggested a study evaluating the effectiveness of interventions aimed at
increasing ART adherence in adults in SSA. The same reviewers used the inclusion and
exclusion criteria to independently assess the full eligibility of studies identified by
MEDLINE, as well as conference abstracts, grey literature, and non-peer reviewed articles
indentified via Google. Reviewers were not blinded to study authors, conclusions, or
outcomes, because blinding has been shown to have little effect on systematic reviews.?®
Once all potentially relevant full-text articles and abstracts were identified, three of the
authors achieved consensus regarding eligibility (TB, KC, and NC) and extracted data, using
a standardized extraction form.

All measures of adherence were recorded, including subjective and objectives adherence
measures and biological correlates of adherence (such as CD4 count and viral load). Data
from each of the studies was extracted and entered into an electronic database separately by
two of three authors (KC, NC, and TB). When the two data entries did not match, consensus
was reached through data checks and discussion between the data extractors, and, if
necessary, consultation with one author (JH), who was not involved in the data extraction.
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Assessment of risk of bias

Results

We followed the PRISMA guidelines in assessing the risk of bias in individual studies and
across studies.®® In particular, as recommended in the guidelines we assessed risk of bias
separately for different components rather than in an overall scale. For the evaluation of
individual RCT, we used the Cochrane Collaboration's tool for assessing risk of bias in the
evaluation of individual RCTs, which proposes checks for selection bias (random generation
of sequences for trial allocation and concealment of allocation before and during trial
enrolment), performance bias (blinding of participants and personnel), detection bias
(blinding of outcome assessment), attrition bias (completeness of data for each reported
outcome), and reporting bias (completeness of reporting of assessed outcomes),>’ For the
evaluation of individual observational studies, we followed the GRADE
recommendations.®® In addition, we compared reporting bias across studies and assessed the
risk of publication bias.>’

We identified a total 3955 records (3930 in PubMed, 17 in an internet search of grey
literature, and 8 in conference databases and reference lists) (Figure 1). Twenty-seven
publications met all inclusion and exclusion criteria (17 journal articles,®-7° seven
conference abstracts,”®-81 one master's thesis,82 one research report,83 and one research
letter®). Five publications were from Nigeria, 60 89.76.78.79 fjye from South

Africa,’4 8183, 85 foyr from Kenya,’0: 73. 80. 86 three from Mozambique,83: 65 66 three from
Uganda,’ 77. 84 two from Malawi,b1 62 two from Zambia,>® 67 one from Rwanda,’® one
from Tanzania,%8 and one from several countries in SSA.72 All full-text articles and
abstracts were published in English. A research letter34 and a conference abstract’” were
from the same study in Uganda, therefore data from both sources were combined to create
one study extraction. We extracted information separately — despite overlap in authors, study
setting, and enrolled patients — if the studies differed in sample

size,61, 62, 71, 74,76, 77,79, 84,85 primary aims,61. 62 length of follow-up6L 62 71,77, 84
intervention type,’# 85 or adherence measures.”L: 74 76. 77,79, 84,85 For example, two of the
full-text articles were from the same study setting in Malawi, but the first study reported an
initial three-month follow-up analysis of the overall results of an RCT,62 while the second
reported a subsequent subgroup analysis with nine months of follow-up.5! As a result,
information from 26 studies is reported in Tables 2 and 3.

Study characteristics

Table 2 provides a description of study characteristics (type of publication, intervention
category, intervention type, study period, geographical location and health care setting), and
Table 3 shows a detailed summary of the different studies, including the number of patients
enrolled in each study, the follow-up time, numbers lost to follow-up, descriptions of the
intervention and the control (or comparison) group, the method of adherence assessment, the
definition of adherence used, and the study results. Studies were conducted between 2003
and 2009 and published between 2004 and 2010, over two-thirds of which were published in
the last two years. The median sample size was 433 individuals (interquartile range (IQR)
274-620) and the median length of follow-up was 12 months (IQR 7-18 months). Twelve
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studies took place exclusively in urban hospital outpatient clinics; five studies took place
only in rural community-based clinics; and the remaining studies either took place in several
types of settings or did not provide sufficient information to classify the setting (Table 2).

Adherence interventions

Fourteen studies used interventions combining behavioural, cognitive, and affective
components (Table 1). These interventions included treatment supporters providing both
emotional and instrumental adherence support.56-69. 71.77.78, 84,87 One study combined
behavioural, cognitive, affective, and biological interventions through combinations of
treatment supporters, nutritional support, financial support, psychosocial support, and
education sessions.’2 Purely behavioural interventions used directly observed

therapy, 50 63.64 diary cards, 8 and cell phone short message services (SMS) to remind
patients to take their ART medication.”® 73 Several interventions provided directly observed
therapy (DOT) in addition to other adherence support. We classified these interventions as
“treatment supporter” rather than “DOT”, and reserved the classification “DOT” for
interventions confined exclusively to the direct observation of pill taking, because the
observed effects of treatment supporters must be attributed to the package of interventions
delivered by the treatment supporter, rather than to DOT alone. Purely biological
interventions used varying types of food supplements.5% 61. 62 Stryctural interventions
included several models of delivery,6% 83 differing in the type of health worker providing
routine adherence support or the type of health care setting.

Studies of the same intervention type were heterogeneous regarding the precise intervention
utilized, length of follow-up, study design, intervention characteristics, and study settings.
For example, in the group of studies using DOTS0. 63,64, 69,74, 85 the frequency of observed
therapy varied from daily to once-weekly observations. In studies of treatment
supporters, 83 66-69, 71,72, 77,78, 84 the person providing the support ranged from family and
friends, to neighbours, community health workers, and HIV-infected community members.
Treatment supporters performed different tasks in different studies, including psychosocial
support,56: 72 education about ART,53 identification of barriers to adherence,®3 adherence
measurement,’L: 77. 84 reminding patients to pick up or take their drugs,6% 78 DOT,63. 69
assessment of adverse events,’? 77: 84 and triage to higher-level health care

providers.”% 77,84

Adherence assessment

Adherence was assessed by a variety of approaches (Table 3), including subjective and
objective adherence measurement instruments. Subjective instruments included patient
recall of the number of missed doses in the past three days, seven days, or 30 days (eleven
studies),61-64. 67,68, 71-73, 82, 83 patjent focus groups in which participants were asked if they
“were able to take their drugs as and when due” (one study),”8 and health-worker opinions
on whether an intervention had improved patient adherence (two studies).”> 77: 84 Objective
instruments included pharmacy refill rates (four studies),% 65. 66.69 pjll counts in clinics
(five studies),®* 71. 72. 74, 88 the Medication Event Monitoring Systems (one study),’? viral
load levels or CD4 cell count (sixteen studies),59-64. 68, 69, 71-74, 76, 81, 83, 85, 88 g hody
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mass index in (two studies).5* 68 Sixteen studies used several of these adherence assessment
techniques.59-64. 68, 69, 71-74, 76,79, 83, 88

Intervention outcomes

Risk of bias

Seventeen of the twenty-six studies reported a significant improvement in adherence when
comparing intervention and comparison group for at least one outcome measurement and at
least one time point during the study's observation period (Table

3).59, 63-66, 69-76, 78, 79, 83, 85, 88 The interventions tested in the studies with significant effect
included structured teaching programmes,’8: 79 food rations,>® DOT,54 85 treatment
supporters with DOT,53. 69 treatment supporters without DOT,66: 71. 72, 78 non-physician
providers,5 different models of ART delivery,83 and mobile phone SMS.7%: 73 Two
additional studies reported an improvement in adherence, one providing treatment
supporters and another providing case managers;’> 77 8 however, assessments were based
on the subjective opinion of health care providers and the significance level of the effect was
not reported. The remaining eight studies — which included evaluation of treatment
supporters,57: 68 DOT,60. 89 food supplements,®L 62 and diary cards,®2 and educational
counselling®® — reported insignificant results across all time points of observation and
adherence measures used.

Ten of the fifteen RCTs,63 64,69, 70,74, 76,79, 85,88 gjx of the seven cohort

studies, 5 66,71, 72,77, 83, 84 gn three of the five before-after studies®® 78 found improved
adherence, according to at least one outcome measure. It is important to note, however, that,
with three exceptions’3 76. 79 al| studies that found a significant intervention effect either did
not find a significant effect consistently over time,%4 69 85 did not find a significant effect
on self-reported adherence,%! did not assess any biological outcome, 65 66. 70,75, 78,79, 82, 83
or did not find a significant effect on biological outcomes.59: 62-64, 67-69, 85

Fifteen of the studies included in the final review were RCTs61-64,68-71,73,74,76,79, 81, 85, 88
and eleven were observational. Of the observational studies, six were cohort

studies®0. 65. 66,72, 77, 83,84 an( five used before-after comparisons to assess intervention
effect.59: 67, 75. 78,82 |n most hierarchies of evidence, ordering study designs by risk of bias,
RCTs rank above observational studies.92 However, this ranking could be reversed for
specific studies, because RCTs can suffer from biases, limiting the strength of evidence
derived from their results, and observational studies can have characteristics that increase
the evidence strength, such as good control of confounding or large effect size.58

Regarding safeguards against selection bias, of the fifteen RCTs included in this review, five
reported the use of both sequence generation for randomization and allocation
concealment,61-64. 73 while two reported only the use of sequence generation’® and one
reported only allocation concealment.%? Regarding measures to minimize performance bias,
only two studies, comparing nutritional interventions, described blinding study participants
and healthcare providers,51: 62 With four exceptions,®1: 62. 64,73 none of the RCT studies
stated whether the outcome assessors had been blinded, which would safeguard against
detection bias. Judging from the descriptions of outcome assessment, however, it is likely
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that in the elicitation of subjective adherence the assessors were mostly aware of the trial
assignment, but that laboratory personnel measuring biological outcomes and analysts were
blinded. Finally, based on the outcomes stated in the methodology section of each report, all
RCTs appear to have completely reported the results of their stated outcomes. We also
compared the reported outcomes of RCTs with those registered with either www.controlled-
trials.com or www.clinicaltrials.gov and did not detect any evidence of selective reporting of
primary or secondary adherence outcomes.53 70, 73,74, 81, 85, 88

In all observational studies, appropriate eligibility criteria were defined, which were applied
equally to all study participants, and outcome assessment did not differ by intervention
assignment. However, only one of the five before-after studies used a control group to
subtract out secular time changes in the comparison of adherence before and after the
intervention,®® and only three of six cohort studies controlled for different distributions of
potential confounding factors between intervention and comparison groups.5% 66. 72 |n the
seventeen publications that reported study loss to follow-up, the loss was always less than
20%, i.e. less than the threshold proposed for potentially significant selection bias when
individuals are not missing at random.%3 In more than half of these reports, loss to follow-up
was less than 10%.59. 61, 71,73, 7462, 64, 66, 67 The majority of the publications that did not
report loss to follow-up were conference abstracts.”®: 78, 79, 81, 84, 85

Discussion

To ensure the long-term success of the recent ART scale-up in SSA, effective interventions
to achieve and maintain high levels of ART adherence are urgently needed. Our systematic
review identified 26 studies investigating the effectiveness of interventions intended to
improve adherence in SSA. A number of important insights emerge from the review. The
studies investigate six types of adherence-enhancing interventions, comprising SMS and
other reminder devices, treatment supporters, DOT, education and counselling, food
supplements, and different organizations of ART delivery. For each intervention type there
is at least one RCT63. 64,70, 73,76, 79 or one observational study 59 72. 75, 77, 78, 83, 84, 65, 66, 69
demonstrating effectiveness. However, before policy conclusions can be drawn from this
evidence, a critical examination of the evidence is required.

First, it is important to consider the magnitude of the effect, not merely the statistical
significance. In studies finding significant effects, these effects constituted an improvement
of 10% or less in four cases,®3: 65 83. 883n improvement between 10% and 20% in two
cases,’2 '3 and an improvement above 20% in 12 cases.>9: 64, 66. 69-71, 74-79, 84 \\jle
relatively small effect sizes may indicate that it may not be worthwhile to invest in the
intervention, investment decisions require intervention costing and economic evaluation
comparing achievable effects to costs. As yet, such studies are lacking.

A second issue to consider is that initial improvement in adherence may not persist over
time. Three RCTs found a significant intervention effect by some measure of adherence
(viral suppression,5% CD4 count,” and self-report of missing doses and pill count®4) in the
first half year of the trial, but loss of the intervention effect in later trial phases. These results
suggest that evidence of effectiveness of adherence-enhancing interventions based on
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studies of short duration may not be generalizable to the longer term. Since ART is life-long,
adherence-enhancing interventions whose effectiveness is limited to a few months would
contribute little to overall treatment success. Future studies should thus attempt to observe
effectiveness for at least one year. Moreover, it would be very valuable if some of the
studies in this review, which found significant effect, continued for several more years to
determine long-run intervention effectiveness.

In this context, it is important to consider that high levels of antiretroviral treatment
adherence may be less essential in the later than in the initial phases of treatment. In a recent
study, Lima et al. report that the risk of viral rebound due to imperfect adherence decreases
with duration of viral suppression.1® Thus, it is possible that interventions that increase
adherence in the first months after ART initiation will improve long-term biological
outcomes, even if their effect vanishes over time and adherence decreases in later treatment
stages. While these findings suggest that high adherence may not always be a necessary
condition of viral suppression, other recent results from SSA indicate that high levels of
adherence may also not be a sufficient condition for viral suppression in a proportion of
patients.19. 94

Adherence is of course merely a means to achieving good health outcomes of ART, rather
than a final outcome in its own right. The relationship between adherence and ART success
is clearly strong. However, as the recent studies in SSA indicate, we need to better
understand whether, when and why near-perfect adherence may not be necessary or
sufficient to attain good ART health outcomes in all patients. In particular, we need more
evidence on the factors that allow some patients to maintain good virologic and
immunologic outcomes despite imperfect adherence, and the factors leading to treatment
failure despite near-perfect adherence. We also need to know whether in the two groups of
patients in which the close correspondence between adherence and biological measures does
not appear to hold, the relationship between biological measures and health outcomes
(morbidity and mortality) is as expected or deviates from the relationship observed in the
overall ART patient population.

A third issue to consider in examining the collective evidence on adherence-enhancing
interventions in SSA are discrepant findings. For five intervention types whose effectiveness
has been demonstrated in at least one study, there are other studies that failed to detect
significant effect, namely for non-SMS reminder devices,?8: 82 88 treatment supporters,87: 68
DOT,89. 95 education and counselling,58: 88. 96 and food supplements.81: 62 Because of the
limited number of studies within each intervention type, we lack the data to identify sources
of the discrepancies. Within each intervention type the precise intervention content can
differ, leading to discrepancies. For instance, non-SMS reminder devices included alarm
devices and calendars to support adherence; DOT ranged from daily to weekly observed pill
taking; and treatment-supporter interventions differed in the selection of the supporter and
the intensity and content of the support provided. Further, several factors may limit the
ability of some intervention studies to show an effect. For instance, the standard of care in
the control group may already produce high adherence in one study, but not in another.9”
Ceiling effects may occur when the baseline adherence is high, limiting the potential to
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show improvement. For example, adherence in Roux et al.82 was 100% before the
intervention and 99% after the intervention.

A case in point for discrepant findings is the adherence effect of DOT. Among studies in
SSA, one high-quality RCT shows significant adherence improvement due to DOT in both
self-reported adherence and biological correlates of adherence.%9 A few other studies
suggest that DOT may improve adherence but this evidence is comparatively weak, because
it is based on subjective or objective adherence measures alone, without demonstrated
impact on biological correlates,53: 64 or because it shows that initial biological effects do not
last over time.”* A 2009 meta-analysis by Ford et al. of all RCTs conducted in both
developed and developing countries to test the effect of DOT in increasing ART adherence
concluded that there was no benefit of DOT over self-administered treatment, but
emphasized that “the fact that individual trials found opposing results with respect to benefit
of directly observed therapy underscores the importance of considering contextual factors in
assessment of adherence interventions”.%8 A 2010 meta-analysis of DOT effect based on
both RCT and observational studies by Hart et al. found that DOT “had a significant effect
on virologic, immunologic, and adherence outcomes, although its efficacy was not
supported when restricting analysis to randomized controlled trials”.38 This study noted that
“interventions varied widely” and identified features of intervention content that improved
the effect on adherence (targeting the intervention to individuals at high risk of
nonadherenece; maximising patient convenience in participating in the intervention; and
providing adherence support in addition to DOT, such as other behavioural interventions).38
While it is thus likely that the intervention context and the precise content determine
adherence effect, the robustness of conclusions drawn from analyses of study heterogeneity
depends crucially on the number of available studies.%® The worldwide evidence is still
limited (10 RCTs in the study by Ford et al.% and 11 RCTs and 6 observational studies in
the study by Hart et al.38). In the case of SSA, more evidence on ART DOT is clearly
needed, in particular evidence based on RCTs, before meta-analysis and investigations of
study heterogeneity, such as subgroup analysis or meta-regression, can be meaningfully
conducted.

Another source of discrepant findings — both across and within studies — is different
outcome measures. A large proportion of studies used subjective measures to assess
adherence outcomes (self-report or health-worker report) , including several that did not use
any other measure, and a few studies that used objective measures did not evaluate any
biological correlates of adherence.

Subjective adherence measures are prone to social desirability biases® and in several
studies have not correlated well with plasma drug levels, CD4 counts, or viral loads.101-103
Health workers (including those involved in the care of the control group in a DOT
intervention) usually lack direct knowledge of patients’ pill taking behaviour and may thus
misestimate true adherence. Objective measurement instruments, such as pharmacy refill
data, pill count or medication events monitoring system (MEMS), may not necessarily
reflect true pill-taking if patients discard pills or obtain ART from friends, family members,
or from pharmacies that are not captured in the refill data.1%4 In the absence of a ‘gold
standard’” measure of adherence, future studies should assess multiple outcomes, including
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subjective and objective adherence measures and biological correlates of adherence. Since
adherence influences CD4 count and VL, which in turn will affect morbidity and mortality,
our belief in the robustness and relevance of a study result will increase with the number of
distinct outcome measures demonstrating the same result. Conversely, within-study
heterogeneity of findings across outcome measure will decrease our belief in study
robustness and relevance.

A fourth issue to consider is in how far the studies included in our review differ from those
conducted in other settings. Two important insights gained in two decades of ART
adherence research outside SSA are not reflected in the studies on the sub-continent. First,
interventions derived from a substantive theory of behaviour change tend to be more
effective than those that are based on intuition.19%: 106 However, unlike many studies in
developed countries,30: 36 107, 108 none of the studies included in this review reported a
theoretical basis for the investigated intervention. This lack of theoretical foundation may
reflect the poor understanding of how well existing theories of behaviour change are
applicable to settings in SSA, even though some models have been explored in the region,
such as the Information, Motivation, and Behavioural Skills Model 109 110 Fyrther research
on both established and novel theories of adherence behaviour is needed in SSA and could
contribute to the design of more successful interventions. Additionally, in future applications
of theory-based interventions, it may be important to consider the role structural barriers
may play in SSA compared to more developed regions,!11 such as distance to the nearest
health care facility. Second, interventions targeted at patients known to be at risk often
provide better results than untargeted interventions.112 Unlike many studies in developing
countries, which target ART patient sub-populations identified as at high risk for non-
adherence07: 113 the articles in this review did not identify specific target populations, thus
potentially limiting intervention efficacy. While some particular at-risk populations may not
be relevant or difficult to identify in SSA (such as intravenous drug users or men who have
sex with men), other targeting strategies employed in developed countries could be feasible,
effective, and cost-effective in SSA. DOT, for example, may be appropriate for particular
populations,114 such as individuals with depression,11® but not for other populations, such as
individuals who are especially sensitive to stigma.116 Other targeting strategies employed
commonly in developed countries may be relevant for a wide range of adherence-enhancing
interventions in SSA, such as focusing interventions on persons who have failed an ART
regimen17. 118 or on persons who have not yet failed a regimen but have been identified as
non-adherent through an adherence screening. 119-122

A fifth important consideration for adherence-enhancing intervention in SSA is cost. A
recent cost analysis in South Africa indicates that high ART adherence is associated with
substantially lower mean monthly direct health care costs-1® This finding suggests that
effective adherence support could decrease the cost of ART per patient, which would
emphasize the importance of adherence-enhancing interventions at a time when the number
of individuals requiring ART continues to grow, while ART funding levels may not
increase.123. 124 Fyture evaluations should include costing studies to test the hypothesis that
adherence-enhancing interventions can lead to a net decrease in the costs of ART delivery.
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In sum, evidence is emerging that SMS and other reminder devices, treatment supporters,
DOT, education and counselling, food supplements, and different organizations of ART can
be effective in enhancing ART adherence in some settings in SSA. However, with the
exception of SMS reminders evidence is either only based on observational studies, which
are unlikely to control completely for unmeasured confounding, or discrepant findings
suggest that intervention effect is strongly determined by context or the precise intervention
content. Future research efforts should be directed at conducting more RCTs of adherence-
enhancing interventions in routine ART delivery in SSA, be based on substantive theories of
behavior, and incorporate costing studies to allow economic evaluation of the interventions.
In addition to such RCTs, health workers in programmes, which have integrated adherence-
enhancing interventions into routine ART delivery, should publish available evidence on the
implementation of these existing interventions, using the full armamentarium of programme
evaluation methods.

Sustained, high levels of ART adherence will be crucial for the long-term success of
treatment programmes in SSA, where most of the people currently receiving and needing
ART live and where the options for second-line therapy after first-line failure are often
limited. Initial evidence has accrued as to which interventions are likely to significantly
improve adherence, but further evaluation studies are clearly needed to confirm intervention
effects, determine effect duration, identify the modifying effects of the intervention design
and context, and establish intervention cost-effectiveness.
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3,930 citations identified

through MEDLINE
3,815 excluded based on
—> title/abstract review
\ 4
115 articles identified 17 articles identified
using inclusion criteria through grey literature

132 included for full-text
review for eligibility

113 excluded
8 reviews, letters, or editorial
1 not adults
12 outside of SSA
—> 50 no intervention
16 no control
16 lack of adherence results
10 not about ART adherence

\ 4
19 full-text articles 7 conference abstracts
included for review 1 from reference lists

27 publications included in
final systematic review

Figure 1.
Flowchart of the systematic review
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