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Abstract

Objectives

To determine whether supportive interventions can increase retention in care for patients on
antiretroviral therapy (ART) in low- and middle-income countries (LMIC).

Design

Systematic review and meta-analysis.

Methods

We used Cochrane Collaboration methods. We included randomised controlled trials (RCT)
and observational studies with comparators conducted in LMIC. Our principal outcomes
were retention, mortality and the combined outcome of lost-to-follow-up (LTFU) or death.

Results

We identified seven studies (published in nine articles); six of the studies were from Sub-
Saharan Africa. We found four types of interventions: 1) directly observed therapy plus extra
support (“DOT-plus”), 2) community-based adherence support, 3) adherence clubs and 4)
extra care for patients with low CD4 count. One RCT of a community-based intervention
showed significantly improved retention at 12 months (RR 1.14, 95% CI 1.02 to 1.27), and
three observational studies found significantly improved retention for paediatric patients fol-
lowed for 12 to 36 months (RR 1.07, 95 Cl 1.03to 1.11), and for adult patients at 12 (RR
1.38, 95% CI 1.13 to 1.70) and 60 months (RR 1.07, 95% CI 1.07 to 1.08). One observa-
tional study of adherence clubs showed significantly reduced LTFU or mortality (RR 0.20,
95% CI 0.12 to 0.33). A cluster RCT of an extra-care intervention for high-risk patients also
showed a significant increase in retention (RR 1.06, 95% CI 1.01 to 1.10), and an observa-
tional study of extra nursing care found a significant decrease in LTFU or mortality (RR 0.76,
95% CI 0.66 to 0.87).
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Conclusions

Supportive interventions are associated with increased ART programme retention, but evi-
dence quality is generally low to moderate. The data from this review suggest that pro-
grammes addressing psychosocial needs can significantly help retain patients in care.

Introduction

Globally, approximately 36.7 million people were living with human immunodeficiency virus
(HIV) infection at the end of 2016, and, as of June 2017, nearly 20.9 million people were esti-
mated to be on antiretroviral therapy (ART) [1]. ART has been associated with marked reduc-
tions in mortality at the population level regarding AIDS-associated opportunistic infections
and malignancies, [2] and a high prevalence of viral suppression to reduce HIV transmission
[3]. In order for ART to be effective, it is essential that patients maintain very high levels of
adherence. Adherence to ART is important not only for the patient’s survival but also to prevent
drug resistance with resultant treatment failure and the need to switch to second-line ART regi-
mens, which are often more expensive and complex than first-line regimens [4, 5]. Another
benefit of adherence is that patients with a suppressed viral load are less likely to transmit HIV
to sexual partners and perinatally [6]. It is thus crucial that patients diagnosed with HIV should
enter medical care as soon as possible, be retained on lifelong ART and adhere to treatment [7].

A systematic review (and a follow-up review) of studies published or presented between
2002 and 2009 found that ART programmes in sub-Saharan Africa retained an average of
about 80% of patients after six months, about 70% after two years and about 65% after three
years [8, 9]. Among adults, reported retention rates were about 78%, 71%, and 69% after one,
two, and three years on ART, respectively, with slightly better retention among adolescents at
about 85%, 81%, and 81% [10, 11]. Two Option B+ programme studies in sub-Saharan Africa
for the prevention of mother to child transmission (PMTCT) found 12% to 17% of mothers
were lost to follow up (LTFU) within six months of ART initiation [12, 13] while an observa-
tional cohort study of PMTCT in Malawi found that, retention was 77%, 71%, and 69% one,
two, and three years after ART initiation [14].

Objective

Our objective was to review the scientific literature systematically and assess the efficacy and
effectiveness of supportive interventions, both community-based and clinic-based, for pro-
moting adherence or retention in care for people with HIV infection in low- and middle-
income countries (LMIC) who have initiated ART.

Materials and methods

We included randomised controlled trials (RCT), non-randomised studies and observational
studies conducted in LMIC that used standard of care as the comparator. We used the World
Bank definition of LMIC for study searching [15]. Participants include HIV-infected persons
of all ages residing in LMIC. We included any intervention specifically designed to improve
adherence or retention in care for people with HIV infection who had initiated ART and that
had an outcome of retention in care. Because these interventions featured peer-, community-,
and clinic-based support beyond standard care, we refer to them as “supportive interventions”.
The unit of analysis was the individual patient.
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We excluded: 1) studies that evaluated interventions concerned with linkage to and retention
in care in the period of time between HIV diagnosis and ART initiation, 2) decentralisation of
care interventions (covered in a Cochrane review [16]), and 3) task-shifting interventions from
physician to non-physician (also covered in a Cochrane review [17]) and from pharmacist to
non-pharmacist [18] The rationale for excluding these types of studies was to focus on interven-
tions that aim to address life-long retention and that aim to give more interpersonal support or
attention than the standard care that decentralisation or task-shifting alone would provide.

Variables

Primary outcomes. Our primary outcome was retention in care following ART initiation.
We defined retention in care as a patient who is still on ART (assessed at intervals longer than
six months post-initiation) and has not died, transferred out, stopped treatment or been lost-
to follow-up (LTFU). We also used the complement of attrition (1 minus attrition) as in indi-
cator of retention if attrition was mentioned but did not specify the inclusion of transfer outs.

Secondary outcomes. Our secondary outcomes were mortality, LTFU alone, and the
combined outcome of LTFU or death.

Standardization of outcomes. We standardised reported outcomes. Where papers
reported data for a composite outcome of "loss to follow-up or death” (LTFU/death), we calcu-
lated the mathematical complement of that outcome data to estimate retention in ART pro-
grams. To illustrate, had a paper reported LTFU/death in 100 (10%) of 1000 participants in an
ART program arm, we would have calculated that 900 (90%) of 1000 participants were
retained in care in that arm.

Review protocol

The original review protocol was registered in PROSPERO, the International Prospective Reg-
ister of Systematic Reviews on 22 February 2015. The registration number is 17017 and can be
found online: http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=
CRD42015017017.

Search methods for identification of studies

We formulated a comprehensive and exhaustive search strategy in an attempt to identify all
relevant studies regardless of language or publication status (published, unpublished, in press
and in progress).

We searched the following electronic databases, in the period from 1 January 1996 to the
final search date (4 April 2017):

o CENTRAL (Cochrane Central Register of Controlled Trials)
o PsycINFO

o PubMed

« Web of Science

o World Health Organization (WHO) Global Health Library, which includes references from
AIM (African Regional Office), LILACS (Pan American Health Organization), IMEMR
(Eastern Mediterranean Regional Office), IMSEAR (South and Southeast Asia Regional
Office), and WPRIM (Western Pacific Regional office).

Along with appropriate medical subject heading (MeSH) terms and relevant keywords, we
used the Cochrane Highly Sensitive Search Strategy for identifying reports of RCTs in MEDLINE
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(Higgins 2008). The search strategy was iterative, in that references of included studies were
searched for additional references. Studies published in any language were eligible for inclusion.
We also contacted experts in the field to learn of any studies we may have missed.

See S1 Table for our core PubMed search strategy, which was modified and adapted as
needed for use in the other databases.

Conference databases and ongoing trials. We searched conference abstract archives for
the International AIDS Conference (IAC), and the International AIDS Society (IAS) Confer-
ence on HIV Pathogenesis, Treatment and Prevention, for abstracts presented at all confer-
ences from 1996 through 2014. Because of internal problems with the abstract archive for the
Conference on Retroviruses and Opportunity Infections (CROI), we were only able to search
CROT’s abstracts for the years 2014 and 2015. We searched clinicaltrials.gov and WHO’s Inter-
national Clinical Trials Registry Platform to identify ongoing trials.

Data collection and analysis

Our methodology for data collection and analysis was based on guidance in the Cochrane
Handbook of Systematic Reviews of Interventions [19].

Selection of studies. We imported search results into bibliographic citation management
software (EndNote X6, Thomas Reuters, Philadelphia, USA) and excluded duplicate references
that were clearly irrelevant. Three authors working independently then reviewed the titles,
abstracts and descriptor terms of the remaining citations to identify potentially eligible reports
(AWP, HA, JR). We obtained full text articles for all references identified as potentially meet-
ing our inclusion criteria. Two authors working independently reviewed these full text articles
and applied the inclusion criteria to establish each study’s final eligibility or ineligibility (AWP
with either HA or JR). Studies were reviewed for relevance based on study design, type of
intervention, participants and outcome measures. Disagreements were resolved by discussion
and, if necessary, a neutral third party arbiter.

Data extraction and management. After identifying trials for inclusion, three authors
working independently examined and extracted data from each study (AWP, HA, JR). Three
authors separately entered these data into standardised data extraction forms. Extracted infor-
mation included study design characteristics, participant details, intervention details, outcome
details and details necessary for bias risk assessment. We compared extracted data in the forms
and resolved any differences by discussion.

Assessment of risk of bias in included studies. We used the Cochrane Collaboration tool
[19] for assessing the risk of bias for each individual study and present results in summary
tables. For RCTs, the Cochrane tool assesses risk of bias in individual studies across seven
domains: sequence generation, allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data, selective outcome reporting and
other potential biases. For observational studies, we assessed the risk of bias by evaluating
study rigor on a 9-point scale based on systematic reviews of HIV behavioral interventions by
the Johns Hopkins WHO Synthesizing Intervention Effectiveness project [20, 21] and a sys-
tematic review on HIV interventions linked with sexual and reproductive health [22]. Our
assessment of bias is provided in S1 File.

Quality of evidence. In addition to assessing risk of bias with the Cochrane tool, we
graded the quality of evidence by outcome using the Grades of Recommendation Assessment,
Development and Evaluation (GRADE) approach [23]. We used GRADEpro software version
3.2 to perform our analyses (GRADEpro, GRADE Working Group, Hamilton, Canada, 2008).
GRADE ranks the quality of evidence on four levels: "high," "moderate,” "low" and "very low."
Evidence from RCTs starts at "high," but can be downgraded based on study limitations,
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inconsistency of results, indirectness of evidence, imprecision or for reporting bias. Evidence
from observational studies starts at "low" but can be upgraded if the magnitude of treatment
effect is very large, if there is a significant dose-response relation or if all possible confounders
would decrease the magnitude of an apparent treatment effect [23]. Evidence from observa-
tional studies can also be downgraded. Brief GRADE summaries are provided in S2 File.

Measures of treatment effect. We used Review Manager 5.2 (RevMan 2013, Cochrane
Collaboration, London, UK) for preparing the review and for statistical analysis. We summa-
rised dichotomous outcomes for effect using risk ratios (RR) with 95% confidence intervals
(CI). We calculated summary statistics (using meta-analytic methods when appropriate) and
present findings with regard to evidence quality in GRADE evidence profiles, for all outcomes
of interest. Where populations, interventions, outcomes and outcome assessment time points
were sufficiently similar, we performed meta-analyses by pooling outcome data using random
effects models to calculate Mantel-Haenszel risk ratios.

Dealing with missing data. When outcome data were only presented in terms of propor-
tions or percentages, we back-calculated to determine actual numerators. When studies did
not report retention directly, we inferred patient retention by taking the complement of attri-
tion (one minus attrition). We defined attrition as the sum of patients who died (of any cause)
or were lost-to-follow-up.

Assessment of heterogeneity. We assessed statistical heterogeneity using the I” statistic.
Although we identified substantial heterogeneity in pooled data, we did not conduct subgroup
or sensitivity analysis because we did not combine more than two studies in any given
analysis.

Assessment of reporting biases. Where we suspected reporting bias we contacted study
authors and asked them to provide missing outcome data. We attempted to minimise the
potential for publication bias through our comprehensive search strategy that included evalu-
ating published and unpublished literature, with all languages eligible.

Result
Results of the search

We conducted the searches on 22 April 2014, 27 April 2015 and 4 April 2017. The searches
yielded 7,629 records. After removing 1,686 duplicate records, one author (HH) screened titles
and abstracts and excluded 4,557 clearly irrelevant records. We obtained the full texts of 72 ref-
erences to make final determinations of whether these studies met inclusion criteria. Seven
studies (nine papers) met our inclusion criteria (Fig 1). The included studies that were con-
ducted in sub-Saharan Africa (Kenya, Mozambique, Rwanda, and South Africa) and Latin
America (Peru). Only one of the six studies was an RCT [24]. Study characteristics are summa-
rised in Table 1.

Effects of interventions

There were four types of supportive interventions in the included studies: directly observed
therapy plus extra support (“DOT-plus”), community-based adherence support, adherence
clubs and extra clinic-based supportive care for patients at high risk of non-adherence. Table 2
shows the effect estimate for all indicators and their follow-up in all included studies, which
uses the standardization of the retention outcome method mentioned in the Methods section.
1) “DOT-plus”. These packages of care include peer patient advocate or treatment-sup-
porter interventions, providing adherence and psychosocial support in addition to DOT. In
the one included RCT, Pearson and colleagues in Mozambique randomised 350 ART-naive
patients to peer-delivered modified directly observed therapy (mDOT) or standard care [24].
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Fig 1. Flowchart depicting screening process.

Total records
n= 7,629
| Duplicates
' n= 1,686
Clearly irrelevant
n= 4,557
Records screened by
2 reviewers
n=1,386
| Records excluded
i n= 1,306
Full text reviewed
n=72
Excluded with
> reasons
n= 63
Studies meeting
inclusion criteria:
n=7
(papers n=9)

https://doi.org/10.1371/journal.pone.0208814.9001
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Table 1. Characteristics of included studies.

Study Design
Braitstein 2012 Cohort
(retrospective)
Muiioz 2010 Cohort
Muiioz 2011 (prospective)
(CASA)
Franke 2013 Cohort
(prospective)
Fatti 2012 Cohort
Grimwood 2012 (prospective)
(Kheth’Impilo)
Luque-Fernandez Cohort
2013 (retrospective)
Mfinanga 2015 Cluster RCT
Pearson 2007 RCT

Setting & years

Kenya,
2007-2009

Peru,
2005-2007

Rwanda,
2007-2008

South Africa,
2004-2010

South Africa,
2007-2011

Tanzania,
Zambia
2012-2014

Mozambique
2004-2006

Participants

Adults with CD4
<100 cells/uL

Adults initiating ART

Adults initiating ART

Adults and children
initiating ART

Adults, stable on
ART

Adults initiating ART
with CD <200 cells/
uL
Adults initiating ART

*We assessed the complement of “LTFU or died” outcomes as retention

https://doi.org/10.1371/journal.pone.0208814.t001

Number of
participants
4,958

120

610

70,516
(66,953 adults,
3,563 children)

2,829

1,999

350

Intervention & comparator
Extra care for high risk patients vs.
usual care
DOT-plus vs. usual care

DOT-plus vs. usual care

Community-based adherence support
vs. usual care

Adherence clubs: Monthly clinic-based

patient support meetings vs. usual care

Extra care for high risk patients vs.
usual care

DOT-plus vs. usual care

Outcomes assessed

Mortality, LTFU,
LTFU or died®

Retention,
mortality
Retention,
mortality, LTFU
Retention,
mortality, LTFU
LTFU or died®

Mortality, LTFU

Retention

In the Pearson study, there was a significant difference in retention at 12 months favouring the
clinic-based peer mDOT intervention group (RR 1.14, 95% CI 1.02 to 1.27, Fig 2.).

Franke and colleagues conducted a prospective cohort study in Rwanda investigating the
effects of having a community-based peer treatment supporter perform daily DOT at home
[25]. At 12 months, there were no significant differences in retention outcome (RR 1.06, 95%
CI 1.00 to 1.11, Fig 2) or 12-month mortality (RR 0.59, 95% CI 0.31 to 1.16, Fig 3) [25]. Simi-
larly, there was no difference in LTFU alone (RR 0.30, 95% CI 0.08 to 1.09, Fig 4) [25] but
there was a significantly reduced rate of LTFU or death (RR 0.50, 95% CI 0.28 to 0.90, Fig 5).
Muiioz and colleagues conducted a prospective cohort study, called the Community-based
Accompaniment with Supervised Antiretrovirals (CASA) study, in Peru, which employed a
multi-component community-based care intervention with DOT [26, 27]. This intervention
was significantly associated with increased retention at both 12 months (RR 1.38, 95% CI 1.13
to 1.70, Fig 2) and 24 months (RR 1.68, 95% CI 1.29 to 2.18, Table 2) [26, 27] and a significant
reduction in 12-month (RR 0.40, 95% CI 0.17 to 0.96, Fig 3) and 24-month mortality (RR 0.35,
95% CI 0.15 to 0.83, Fig 6) [26, 27]. When the data were pooled for Franke and CASA, there
was a significant increase in retention at 12 months (RR 1.19, 95% CI 0.90 to 1.57, Fig 7) and a
significant reduction in 12-month (RR 0.52, 95% CI 0.30 to 0.87, Fig 3) [25, 26]. The quality of
evidence for this body of literature is moderate for retention at 12 months among adults using
clinic-based peer mDOT [24], while the quality of evidence for increased retention and
decreased mortality and LTFU in the observational cohort studies is low [25-27].

2). Community-based adherence support. We identified two cohort studies that evalu-
ated a community-based adherence support intervention. Fatti and Grimwood separately pub-
lished results from the Kheth’Impilo study, a large prospective cohort study of a community-
based peer patient advocate intervention in paediatric (median age of 6.3 years, all children
were under 16 years of age) [28] and adult (median age of 35.1 years, adults were defined as 16
years of age or older) [29] populations in South Africa. In Fatti and Grimwood, paid patient
advocates (clinic-linked, lay healthcare personnel) trained in HIV and tuberculosis manage-
ment and psychosocial support conducted home visits to supervise medication administration,
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Table 2. Effect estimates per study for all measured outcomes in all Included studies with follow-up time.

Favours standard care  Favours intervention

Study Assessed Risk Ratio
(months)
RETENTION OUTCOME
Braitstein 2012 10 1.14 (95% CI 1.08 to 1.20)
CASA (Muiioz 2010) 12 1.38 (95% CI 1.13 to 1.70)
Franke 2013 12 1.06 (95% CI 1.00 to 1.11)
Mfinanga 2015 12 1.06 (95% CI 1.01 to 1.10)
Pearson 2007 12 1.14 (95% CI 1.02 to 1.17)
CASA (Muioz 2011) 24 1.68 (95% CI 1.29 to 2.18)
Kheth’Impilo (Grimwood 2012) 36 1.07 (95% CI 1.03 to 1.11)
Luque-Fernandez 2013 40 1.14 (95% CI 1.11 to 1.17)
Kheth’Impilo (Fatti 2012) 60 1.07 (95% CI 1.07 to 1.08)
MORTALITY OUTCOME
Braitstein 2012 10 0.69 (95% CI 0.50 to 0.94)
Franke 2013 12 0.59 (95% CI 0.31 to 1.16)
Mfinanga 2015 12 0.74 (95% CI 0.60 to 0.91)
CASA (Muiioz 2011) 24 0.35(95% CI 0.15 to 0.83)
Kheth’Impilo (Grimwood 2012) 36 0.46 (95% CI 0.26 to 0.82)
Kheth’ Impilo (Fatti 2012) 60 0.85 (95% CI 0.81 to 0.89)
LTFU or DEATH OUTCOME
Braitstein 2012 10 0.76 (95% CI 0.66 to 0.87)
CASA (Mufoz 2010) 12 0.29 (95% CI 0.12 to 0.66)
Franke 2013 12 0.50 (95% CI 0.28 to 0.90)
Mfinanga 2015 12 0.78 (95% CI 0.64 to 0.94)
Pearson 2007 12 0.60 (95% CI 0.39 to 0.92)
CASA (Muiioz 2011) 24 0.28 (95% CI 0.14 to 0.55)
Luque-Fernandez 2013 40 0.20 (95% CI 0.12 to 0.33)
Kheth’Impilo (combined Fatti 2012, Grimwood 2012) 36, 60 0.81 (95% CI 0.78 to 0.83)
LTFU OUTCOME
Braitstein 2012 10 0.78 (95% CI 0.67 to 0.92)
Franke 2013 12 0.30 (95% CI 0.08 to 1.09)
Mfinanga 2015 12 1.04 (95% CI 0.60 to 1.81)
Kheth’Impilo (Grimwood 2012) 36 0.82 (95% CI 0.50 to 1.35)
Kheth’Impilo (Fatti 2012) 60 0.75 (95% CI 0.72 to 0.78)
https://doi.org/10.1371/journal.pone.0208814.t002
Supportive intervention  Standard care Risk Ratio Risk Ratio
Study or Subgroup Events Total Events  Total Weight M-H, Rand 95% CI M-H, 95% CI
280 304 267 306 15.4% 1.06 [1.00, 1.11] ™
Mfinanga 2015 842 1001 794 998 17.4% 1.06 [1.01, 1.10] -
15853 19991 37574 50525 21.3% 1.07 [1.06, 1.08] L
Braitstein 2012 462 635 2771 4323 15.6% 1.14 [1.08, 1.20] i
148 175 130 175 8.3% 1.14[1.02, 1.27] —
Luque-Fernandez 2013 487 502 1979 2327 20.0% 1.14[1.11,1.17] -
52 60 31 60 2.0% 1.68 [1.29, 2.18] e
5.2 0?5 1 5:

Fig 2. Forest plot of retention outcome (10-60 months), data unpooled. Events represent number of patients retained in care at

the end of the study period.

https://doi.org/10.1371/journal.pone.0208814.9g002
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Test for overall effect: Z = 2.46 (P = 0.01)

Community support  Standard care Risk Ratio Risk Ratio
Study or Subgroup Events Total Events  Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
6 60 15 60 40.6% 0.40[0.17,0.96] ¢ L
13 304 22 306 59.4%  0.59[0.31,1.16] — &
364 366 100.0%  0.52[0.30, 0.87] o
19 37
ity: Chi2 = =1(P= 2= 09 b 4 + 4

Heterogeneity: Chi? = 0.50, df = 1 (P = 0.48); I = 0% 02 05 > 5

Favours community support Favours standard care

Fig 3. Forest plot of mortality (12 months), data pooled. Events represent number of patients who died at the end of 12 months.
https://doi.org/10.1371/journal.pone.0208814.9003

perform adherence checks, counsel on barriers to adherence and refer patients to clinics if nec-
essary. Home visits occurred weekly for the first month, and afterward would generally occur
at least once monthly in Grimwood or every three months in Fatti.

Adult cohort. Community-based adherence support was significantly associated with
improved patient retention in the Kheth’Impilo adult cohort at 60 months (RR 1.07, 95% CI
1.07 to 1.08, Table 2) [29]. Mortality was significantly decreased in the Kheth’ Impilo adult
cohort at 60 months (RR 0.85, 95% CI 0.81 to 0.89, Fig 6) [29]. LTFU was reduced in the
Kheth’Impilo cohort at 60 months (RR 0.75, 95% CI 0.72 to 0.78, Fig 4).

Paediatric cohort. Mortality was significantly reduced for the Kheth’Impilo paediatric
cohort at 36 months (RR 0.46 95% CI 0.26 to 0.82, Fig 6) [28]. The intervention was signifi-
cantly associated with improved patient retention in the paediatric cohort followed at both 12
and 36 months (RR 1.07,95% CI 1.03 to 1.11, Table 2). However, LTFU was not significantly
different between those who received the intervention and those who did not at 36 months
(RR 0.82,95% CI 0.5 to 1.35, Fig 4).

There is consistent evidence that multifaceted community-based trials improved retention
outcomes among adults as evaluated by observational studies. For community-based interven-
tions targeting adherence in children, there was moderate quality evidence (upgraded for large
effect size) for reduction in mortality and low quality evidence for improvement in retention.
Brief GRADE summaries for each intervention type are shown in S2 File.

3) Adherence clubs. Luque-Fernandez and colleagues conducted a retrospective cohort
study in South Africa that compared outcomes of patients who joined facility-based adherence
clubs with those who remained in standard care. Patients stable on ART for 18 months were
invited to join these clubs [30]. Membership in adherence clubs was associated with signifi-
cantly improved retention (RR 1.14, 95% CI 1.11 to 1.17, Fig 2) and significantly reduced
LTFU or death at 40 months (RR 0.2, 95% CI 0.12 to 0.33, Fig 5).

The quality of evidence for this intervention was of moderate quality for the LTFU out-
come, which was upgraded due to large effect.

4) Extra community-based care for high-risk patients. Mfinanga and colleagues in Tan-
zania and Zambia randomised clusters of patients with <200 CD4 cells/pL at initiation of ART
to either community support in addition to standard clinic or to standard care alone [31].
Extra community-based care included screening patients for cryptococcal meningitis and
offering treatment if the results were positive and then weekly home visits by lay workers to

Intervention Control Risk Ratio Risk Ratio

Study or Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Braitstein 2012 134 635 1165 4323 5.6% 0.7810.67, 0.92] o
Franke 2013 3 304 10 306 0.2%  0.30(0.08, 1.09]
Kheth'impilo (paediatric) 16 323 195 3240 0.7% 0.82[0.50, 1.35]
Kheth’Impilo (adult) 2596 19668 8369 47285 93.0% 0.75[0.72, 0.78] -
Mfinanga 2015 25 1001 24 998 0.5%  1.04[0.60, 1.81]
0.01 0’1 i 10 100

Favours intervention  Favours control

Fig 4. Forest plot of lost to follow-up outcome (10-60 months), data unpooled. Events represent number of
patients who were were lost-to-follow-up (neither retained nor died) at the end of the study period.

https://doi.org/10.1371/journal.pone.0208814.g004
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Supportive intervention  Standard care Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Braitstein 2012 173 635 1652 4323 21.6% 0.76 [0.66, 0.87] -
CASA 6 60 21 60 4.9% 0.29[0.12, 0.66]
Franke 2013 16 304 32 306 8.4% 0.50 [0.28, 0.90] N
Kheth’Impilo 4138 19991 12951 50525 23.5% 0.81[0.78, 0.83] u
Luque-Fernandez 2013 15 502 348 2327 9.8% 0.20[0.12, 0.33] g
Mfinanga 2015 159 1001 204 998 19.9% 0.78 [0.64, 0.94] -3
Pearson 2007 27 175 45 175 11.8% 0.60 [0.39, 0.92] e

0.1 1 10 50

Favours intervention Favours standard care

0.02

Fig 5. Forest plot of lost to follow-up outcome or death (12 months), data unpooled. Events represent number of patients who were
were lost-to-follow-up and died at the end of the study period.

https://doi.org/10.1371/journal.pone.0208814.9005

deliver ART, provide adherence support and monitor side effects. At 12 months, the retention
was significantly higher in the intervention arm (RR 1.06, 95% CI 1.01 to 1.10, Fig 2) and mor-
tality significantly lower (RR 0.74, 95% CI 0.60 to 0.91, Fig 6). The combined outcome, LTFU
or mortality (RR 0.78, 95% CI 0.64 to 0.94, Fig 5), was also both signtificantly reduced in the
intervention arm.

Braitstein and colleagues retrospectively evaluated more frequent nurse monitoring, weekly
or biweekly, in clinic for patients (with low CD4 count at ART initiation) in Kenya [32]. There
was significantly improved retention (RR 1.14, 95% CI 1.08 to 1.20, Fig 2) and significantly
decreased mortality (RR 0.69, 95% CI 0.5 to 0.94, Fig 6) and LTFU (RR 0.78, 95% CI 0.67 to
0.92, Fig 4) at a median 318 days among patients exposed to more frequent nurse monitoring.
This was a significant decrease in the proportion with the combined outcome of death or
LTFU (RR 0.76, 95% CI 0.66 to 0.87, Fig 5) among those exposed.

The quality of evidence for this intervention was very low for both the mortality and LTFU
outcomes. The quality was downgraded because of the retrospective nature of the analysis.

It would be ideal to have longer follow-up in studies, such as three years or greater, to more
accurately reflect retention in care over time. Only three of nine articles studied outcomes at
three years or more, including Grimwood 2012 (36 months), Luque-Fernandez 2013 (40
months), and Fatti 2012 (60 months); these results, however, could not be pooled as they had
disparate time endpoints.

In terms of patient segmentation, such as demographics, setting (urban or rural), socioeco-
nomic status and psychosocial indicators, these studies seldom demonstrated that one variable
was significantly associated with outcome differences between control and intervention groups.
None of the studies indicated that gender was significantly different between control and inter-
vention groups. Luque-Fernandez was the only study which did not calculate the percentages of
men and women separately in the control and intervention groups, but the overall percentage
of women (70.6%) in the study was more than twice that of men (29.4%) [30]. Considering only

Intervention Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Braitstein 2012 39 635 387 4323 181% 0.69 [0.50, 0.94] e

Franke 2013 13 304 22 306 6.6% 0.59(0.31,1.18] r

Mfinanga 2015 134 1001 180 998 26.0% 0.74 [0.60, 0.91] -

CASA [ 60 17 60 4.3% 0.35[0.15, 0.83]

Kheth'Impilo children 12 323 259 3240 85% 0.46 [0.26, 0.82]

Kheth'Impilo adult 1770 19668 5012 47285 36.6% 0.85(0.81, 0.89] ) ) u ) )
005 02 1 5 20

Favours intervention Favours ¢

ontrol

Mortality: all interventions and designs (CASA 12 month outcome and Kheth'Impilo 96 month outcome omitted to avoid double-counting)

Fig 6. Forest plot of mortality (10-60 months), data unpooled. Events represent number of patients who died at the end of the study

period.

https://doi.org/10.1371/journal.pone.0208814.9006
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C ity support d care Risk Ratio Risk Ratio
Study or Subgroup Events Total Events  Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
CASA 54 60 39 60 43.8% 1.38 [1.13, 1.70] ——
Franke 2013 280 304 267 306 56.2% 1.06 [1.00, 1.11]
Total (95% Cl) 364 366 100.0% 1.19 [0.90, 1.57]
Total events 334 306

Heterogeneity: Tau? = 0.03; Chi* = 6.99, df = 1 (P = 0.008); I* = 86%

Test for overall effect: Z = 1.22 (P = 0.22) 92 0.5 ! < 2

Favours standard care Favours community support

Fig 7. Forest plot of retention outcome (12 months), data pooled. Events represent number of patients retained in care at the
end of 12 months.

https://doi.org/10.1371/journal.pone.0208814.9007

the adult cohort studies and the control and intervention groups, the median age ranged from
31.7 years old in the intervention arm of CASA [26, 27] to 38 years old in the Tanzanian inter-
vention arm of Mfinanga [31]. Among these adult cohort studies, the age differential between
control and intervention arms were never stated to be significantly different. In the pediatric
cohort study of Kheth’Impilo, there was no significant difference in median age between the
control (6.2 years old) and the intervention (6.8 years old) groups [28]. In terms of the urban
and rural setting of the studies, only CASA, Luque-Fernandez, Mfinanga, and Pearson were
conducted in urban-only settings [24, 26, 27, 30, 31], while Franke was the only study conducted
in a rural-only setting [25]. Studies which had both urban and rural sites were Braitstein and
Kheth’Impilo [28, 29, 32]. In Braitstein, both control and intervention arms had a similar per-
centage of rural health centres (31% in intervention, and 30% in control) and the authors did
not state that rural health centres significantly influenced the outcomes of interest [32]. In the
adult cohort of Kheth’Impilo, rural facilities accounted for 5.1% of the intervention arm versus
6.5% of the control arm. Using survival analysis and the multiple imputation model for missing
data, the adjusted hazard of mortality was significantly higher in rural areas than urban areas
(aHR =2.07, 95% CI 1.84 to 2.31), but the adjusted hazard of being LTFU was significantly
lower in rural than urban areas (aHR = 0.62, 95% CI 0.53 to 0.71) [29]. For the pediatric cohort
of Kheth’Impilo, there was actually a significant difference in rural facility percentage between
intervention (2.8%) and control (10%) arms. Grimwood states that this significant difference
however did not demonstrate a significant impact on mortality, and did not use rural facilities
to analyse other outcomes of interest [28]. The intervention arm in Grimwood had significantly
reduced mortality, but a non-significant decrease in LTFU (Figs 4 and 6). As for socioeconomic
status, all included studies stated that their findings are relevant for resource-limited settings,
although only CASA, Franke, and Pearson measured socioeconomic indicators [24-27]. In
CASA, the intervention group actually had significantly higher unemployment, food scarcity,
lack of basic services, and one-room households but with significantly lower substance abuse
[26, 27]. Despite this, the intervention group still had increased retention, decrease mortality,
and decreased LTFU or mortality at the end of two years, all of which were significant (Figs 3, 5
and 7). In Franke, the intervention arm showed worse access-to-care, literacy, depression, and
mental and physical health indicators, but Franke adjusted for these indicators in the multivari-
ate regression analysis [25]. The intervention arm in Franke only showed a significant improve-
ment in LTFU or mortality (Fig 5). For Pearson, the authors state that there were no significant
associations between adherence, and income, education, marital status, stigma, depression, or
number of persons to whom patients disclosed. There were also no differences reported in
stigma, self-efficacy, social support, or depression in the study [24]. In these studies, even if a
patient segmentation variable was considered significantly different, none of the studies claimed
that these variables were the main drivers of significant improvements in outcomes.

Finally, only three studies included cost data, Kheth’Impilo, Mfinanga, and Pearson [24, 28,
29, 31]. In Kheth’Impilo, where patient advocates made home visits weekly in the first month,
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and afterward between every one to three months, their reported average cost per patient per
visit was USD 1.98, ranging from USD 1.88 to 3.43 [28, 29]. The Kheth’ Impilo study was con-
ducted from 2004 to 2010, and the report did not state which year was used as the reference, so
it is difficult to adjust for inflation. For Mfinanga, which used 2012 USD prices, the lay-worker
component of the one month, weekly home visits cost USD 14.74 in Tanzania and USD 13.03
in Zambia. These costs did not include the prices for the tuberculosis screening test (Gene
Xpert) nor did they include the cryptococcal antigen test and the antifungal treatment. If these
testing costs plus staff and clinic costs were all included, the full intervention cost per partici-
pant would be USD 67.26 in Tanzania and USD 54.19 in Zambia [31]. For Pearson, where
patients came to the clinic for the DOT-plus intervention five days a week for six total weeks,
the cost per participant for the entire six weeks was USD 33.00 [24]. That can then be divided
by 30 total visits (during the six-week study period with five visits per week) for a price of USD
1.10 per patient visit. The study occurred from 2004 and 2006 but the article did not state
which reference year was used for the price calculations. It seemed that of the studies that
included costs, home visits could range from USD 1.98 28, 29] to upwards of USD 14.74 [31]
per patient, whereas each clinic visit cost USD 1.10 per patient [24] if inflation were not
considered.

Discussion

We identified two RCTs and five observational studies that evaluated supportive interventions
to improve ART retention in LMIC; these studies evaluated four different types of interven-
tions. Pearson (2007), one of two RCT's that we found, reported a significant increase in reten-
tion at 12 months for their six-week intervention of peer-delivered mDOT, which included
psychosocial support, peer education on treatment and adherence, and strengthening the links
between patients and clinic staff. Mfinanga (2015) also showed a significant improvement in
retention at 12 months with their screening and treatment of cryptococcal infections and com-
munity-based adherence support intervention for patients with <200 CD4 cells/uL.

We also found that community-based interventions featuring a treatment or adherence
supporter with home visits were effective in improving retention in care in resource-limited
settings (Fatti 2012, Grimwood 2012, Mfinanga 2015, Mufioz 2010, Mufioz 2011, Pearson
2007). This rather modest benefit may have been due to high retention in care rates in the stan-
dard care arm (>73% in 6 of 7 trials) that results in lower power to detect differences. An
adherence support group intervention also was associated with an 80% reduction in LTFU or
death at 40 months (Luque-Fernandez 2013). Two interventions for patients at high risk of
early mortality due to low CD4 counts at ART initiation were both effective in reducing LTFU
and mortality [31, 32].

Six of the seven studies [24-29, 31] showed a significant improvement in retention, and all
seven showed a significant decrease in the combined outcome of LTFU or mortality. Each
study tested interventions with non-provider treatment or adherence supporters. Four studies
included full or partial DOT or at least mentioned that the taking of medication was supervised
[28, 29]. Studies featuring home visits embedded in community-based adherence/treatment
supporter interventions showed significantly improved retention [25-29, 31].

Adherence clubs [30] and an extra nursing care intervention [32] also required patients to
visit the clinic to receive the intervention. These interventions did not feature a component of
home visits. Both Braitstein and Luque-Fernandez showed significantly decreased LTFU or
mortality, despite Luque-Fernandez’s measuring the outcome at a time period more than three
times longer (40 months) than that evaluated in Braitstein (318 days) [30, 32]. The fact that
Luque-Fernandez only recruited participants who had been stable on ART for at least 18
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months may have been a factor in its improved retention outcome over time [30]. The inter-
ventions evaluated in Braitstein and Luque-Fernandez continued to offer patients the features
of the intervention for the duration of their studies [30, 32].

Taking small scale trials to scale nationally is fraught with difficulty, and understanding
how to implement these interventions with fidelity at the national level is the next step in mak-
ing use of these findings. Additionally, the costs of these interventions and the human
resources required to implement them are mostly lacking in the studies we included in the
review. Cost-effectiveness data will be needed to move the interventions to scale, particularly
in an era of level resources.

As with any systematic review, our conclusions are limited only to the data we identified,
which in turn is a function of the sensitivity of our search. To minimise this, we comprehen-
sively searched five databases and hand searched for abstracts from the three main interna-
tional HIV conferences and carefully reviewed the reference lists of all identified studies to
assure completeness. We also used the GRADE system to judge the quality of the evidence for
each intervention and outcome. The GRADE system has become the international standard
for rating evidence for guidelines development [33], but there remain some issues with its use
[34]. Due to the non-randomised designs of most of the included studies, inferring the causal
relationship between the interventions and the outcomes may be hampered by confounding
and the results may be more difficult to interpret compared to a systematic review involving
only randomised trials. Thus, we separated Pearson from the pooled analysis of Franke and
CASA, even though all studied the DOT-plus intervention measured at 12 months, to help
reduce confounding. A final limitation is the geographical distribution of included studies, six
of the seven included studies were conducted in Sub-Saharan Africa and one in Latin America,
suggesting a need for interventions to be evaluated in other LMICs, particularly those where
injection drug use may be the predominant form of transmission.

Conclusion

While the quality of evidence ranged from very low to high, there seems to be consistent evi-
dence that interventions focused on supportive interventions improve retention outcomes. In
another systematic review, Nachega and colleagues have suggested that community-based
interventions to improve adherence are successful because they help the patient build social
networks, exercise more autonomy and reduce structural barriers, such as transport cost to the
facility [35]. Based on the data in this review, multifaceted supportive interventions may be
most appropriate for patients initiating ART because the patient advocate or treatment sup-
porter actively visits the patient to engage them in care. For patients who are stable and on
ART, adherence clubs may be a fitting approach to sustain retention in care while clinically
high-risk patients may benefit from extra-nursing care. Moreover for future research, in order
to more accurately see the effects of interventions to increase retention in care, it would be
helpful for studies to track outcomes for years as the minority of included articles studied out-
comes at three years or greater.
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