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Abstract

Introduction: Identification and retention of HIV-positive children in HIV services is essential to
ensure optimal health outcomes. This systematic review and meta-analysis examines the
magnitude of attrition (loss to follow-up [LTFU] and death) of HIV-positive children from HIV
services in low- and middle-income countries (LMICs).

Methods: We performed a comprehensive multi-database search of original studies reporting
retention/attrition data for HIV-positive children in LMICs through April 2016. Outcomes
included LTFU, death, and overall attrition (LTFU + death) at intervals up to 60 months of follow-
up. At least two authors determined study eligibility, performed data extraction, and made quality
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assessments. We used random effects meta-analytic methods to aggregate effect sizes and perform
meta-regression analyses.

Results: We identified 3,040 unique studies; 91 met eligibility criteria and were included in the
analysis. This represents 147,129 HIV-positive children; most were from Africa (83%). LTFU
definitions varied widely, with significant variability in outcomes across studies. Most attrition
occurred in the first six months of follow-up, increasing to 23% by 36 months. HIV-positive
children receiving antiretroviral therapy (ART) had significantly better retention in care than those
not on ART. Studies that performed case-finding/tracing for those LTFU had better retention in
care up to 24 months of follow-up.

Conclusions: These findings underscore the high attrition of children from HIV services in
LMICs. Early ART initiation and decentralized patient support services (e.g., tracing for those
LTFU) have potential to improve retention in care. Implementation research and resources are
urgently needed to improve retention among this vulnerable population.

Registration of protocol: PROSPERO # CRD42016034180
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Introduction

Despite progress in HIV prevention, care, and treatment, HIV in children remains a major
public health burden. In 2017, there were an estimated 1.8 million children (less than 15
years old) with HIV, 180,000 children newly infected with HIV, and 110,000 children who
died of HIVV/AIDS.[X The vast majority of these children were from low- and middle-
income countries (LMICs), where resources to combat the HIV epidemic are limited.[]

UNAIDS proposed the 90-90-90 goals, which state that by 2020, 90% of all people living
with HIV will know their HIV status, 90% of all HIV-positive people will receive sustained
antiretroviral therapy (ART), and 90% of all people receiving ART will be virally
suppressed.[?] Correspondingly, success of pediatric HIV programs relies on the timely
identification of HIV-positive children, prompt initiation of ART, and sustained retention in
HIV care and treatment services to ensure viral suppression and optimal health outcomes. 3]

Unfortunately, many HIV-positive children in LMICs are lost to follow-up (LTFU) or die
without accessing and benefiting from recommended HIV care and treatment services.
Previous systematic reviews of attrition were limited to children on ART and only included
studies published up to 2015 for 12-month data and 2013 for 36-month data.[* 5] While
HIV-positive children can be LTFU or die prior to ART initiation, estimates of pre-ART
attrition from a prior systematic review vary widely and are difficult to interpret.[®]

In this systematic review and meta-analysis, we seek to provide comprehensive estimates of
the magnitude of attrition (LTFU and death) from pediatric HIV care and treatment services
in LMICs, while accounting for important patient-level and programmatic features,

including ART status and whether case-finding/tracing was performed for those not retained
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in care. Given the impending target deadline for the UNAIDS 90-90-90 goals, 2] the extent
of this attrition must be quantified.

Search strategy

This study adhered to PRISMA reporting guidelines.[] The dataset used for this meta-
analysis, a complete list of included and excluded references, and a PRISMA checklist can
be found at: https://rocket.app.vumc.org/index.php?doc_id=23022.

We comprehensively searched the PubMed/MEDLINE, Embase, Cochrane Library, and Web
of Science databases through April 2016 ( Table S1; Supplementary Material). We
conducted cross-referencing by reviewing bibliographies of included citations. We did not
restrict by publication year, language, or specific intervention.

Selection/exclusion criteria

Studies were included if they met the following criteria: 1) focused on pediatric subjects
aged 0-15 years; 2) reported data on retention or attrition (i.e., death, LTFU); 3) ascertained
HIV infection in subjects; and, 4) were conducted in LMIC settings as defined by the World
Bank.[8] We primarily included observational/non-intervention studies that met these
criteria. We also included clinical trials/intervention studies if the intervention was offered at
program- rather than individual-level; control groups receiving standard of care in
intervention studies were also considered if their retention/attrition data could be
disaggregated. Studies reporting data including but not limited to children up to 15 years old
were included only if the data could be disaggregated to the population of interest. Studies
were excluded if they reported attrition outcomes but did not specify time points for attrition.

Screening and data extraction

After removing duplicate records, unique study abstracts were appraised independently for
eligibility by at least two reviewers. For eligible studies, full reports were obtained and
independently reviewed by at least two reviewers. Any disagreement regarding study
inclusion/exclusion, during either screening or full-text review, was arbitrated by a
pediatrician/epidemiologist (JGC or SHV) and resolved by consensus (Figure 1).[%]

Data for each study were extracted independently by at least two reviewers and cross-
checked by both reviewers, with any discrepancies arbitrated and resolved by consensus.
Extracted data were managed using REDCapl% and included: reference details (author,
publication year, journal); study details (design, inclusion/exclusion criteria, intervention if
applicable, sample size, study duration, location/region of study, clinical care setting, LTFU
definition); outcome details (proportions of LTFU, death, and overall attrition at specified
follow-up intervals, and whether case-finding/tracing was performed to clarify outcomes for
those not in care); and, if applicable, notes on comparison populations or subcohorts within
the study (Table S2; Supplementary Material).

The quality of included studies was assessed using a standardized form, based on the
Newcastle-Ottawa domains for assessment of cohort studies.[!1] The form included nine
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items/domains, each scored as 0 or 1 point, such that the total “quality score” for each study
ranged from O to 9 (Table S3; Supplementary Material). Study quality was assessed
independently by at least two reviewers, and disagreements regarding quality scores were
arbitrated and resolved by consensus.

Data analysis

The primary outcome measure was the proportion of HIV-positive children not retained in
care at various intervals of follow-up after enrollment in HIV care and treatment services (0
to <6 months, >6 to <12 months, >12 to <24 months, >24 to <36 months, >36 to <48
months, and >48 to <60 months follow-up). Included studies could contribute outcomes to
as many of these follow-up intervals as their reported data allowed, and contributing an
outcome to a particular time point was not contingent on reporting data for earlier or later
time points (e.g., if only 12 month and 36 month attrition outcomes were reported, then the
study contributed data to the >6 to <12 months and >24 to <36 months intervals, but not to
the 0 to <6 months, >12 to <24 months, >36 to <48 months, or >48 to <60 months intervals).
If a study contributed multiple outcomes within a single time period, we used the latter time
point outcome only (e.g., if 10% and 15% attrition were reported at 3 and 5 months,
respectively, we used 15% attrition for the 0 to <6 months interval). At each interval, we
attempted to capture the proportion of LTFU, death, and overall attrition (LTFU+death).
When studies did not specifically indicate the source of attrition (LTFU and/or death),
available data were classified as “overall attrition.” Retention in care was defined as a patient
continuing appointments at an HIV care and treatment facility. When studies reported data
pertaining to patients who were known to have transferred to other facilities, we considered
these known transfers as retained in care. Unknown/silent transfers could not be accounted
for directly; however, case-finding/tracing can result in reclassification of silent transfers as
retained in care, and tracing was accounted for in our quality assessment and with sub-group
analyses stratified by whether or not tracing was performed, as described below. We
accepted the variety of definitions for LTFU as used across studies.

To address potential across-study heterogeneity, we applied DerSimonian and Laird random
effects analysis to pool proportions for each of the aforementioned follow-up intervals and
by sources of attrition (LTFU, death, and overall).[12: 13] We used the Chi-square test for
trend to assess if the proportion varied across intervals. We used the 12 statistic to assess
between-study heterogeneity, with 12 <25% defined as low heterogeneity, near 50% as
moderate, and 75% as high.[14]

Subgroup analyses were performed to determine if attrition differed by important study
characteristics, including: study type (non-intervention vs. intervention), quality score (=5
vs. <5), cohort type (ART vs. pre-ART), and whether case-finding was performed/
documented (tracing vs. no tracing). Analyses stratified by tracing were restricted to non-
intervention studies, as tracing efforts employed by intervention studies were likely more
intensive than tracing performed in the context of routine programmatic activities.[°]

Univariate and multivariable meta-regression analyses were conducted to explore the
potential source and magnitude of heterogeneity from a priori study- and population-level
characteristics, including: study type (intervention vs. non-intervention), quality score (=5
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vs. <5), sample size (=100 vs. <100), setting (hospital vs. non-hospital), rurality (urban vs.
rural), region (Asia, Americas vs. Africa), and study initiation year (<2003 vs. =22004). The
2004 cutoff corresponds to the period of expanded testing and ART availability in LMICs
through the President’s Emergency Plan for AIDS Relief (PEPFAR) and the Global Fund to
Fight AIDS, Tuberculosis and Malaria (Global Fund). Factors that were significant (p<0.05)
in univariate meta-regression analyses were entered into the multivariable meta-regression
model.

We used funnel plots to graphically evaluate the presence of publication biases and Begg’s
and Egger’s linear regression test to assess funnel plot asymmetry,[16] stratified by time of
measurement and type of attrition. Stata 15.0 (StataCorp, College Station, Texas) was used
for all statistical analyses.

We identified 3,040 unique studies, with 91 deemed eligible for inclusion (Figure 1 and
Table S2), representing data from 147,129 HIV-positive children. The median sample size
was 286 participants (range: 7-17,712), and 77% of included studies had sample sizes =100
participants. The median study start year was 2004 (range: 1990-2014), and 63% started
during or after 2004. Most studies were based in African countries (83%), with fewer from
LMICs in Asia (15%) and the Americas (2%), and were conducted in urban settings (88%).
The median quality score was 7 (range: 2-9).

Of the 91 included studies, 25% did not provide a LTFU definition. Among the 75% of
included studies that provided a LTFU definition, 66% defined LTFU relative to the last
documented encounter while 34% defined LTFU relative to a missed scheduled encounter.
Intervals from last/missed encounters qualifying a person as LTFU included 60 days (9%),
90 days (37%), 180 days (42%), or other time periods (12%) (Table S2; Supplementary
Material).

Our meta-analysis showed high prevalence of attrition from pediatric HIV care and
treatment services (Figure 2 and Table S4; Forest plots shown in Figures S1-S18,
Supplementary Material). Overall attrition (LTFU+death) of HIV-positive children was 19%
(95%Cl: 16-22%) by 6 months follow-up and increased to 23% (95%Cl: 18-28%) by 36
months. Among studies contributing data up to 60 months of follow-up, overall attrition
remained stable at 22% (95%ClI: 13-32%). LTFU accounted for the preponderance of
overall attrition, peaking at 17% (95%Cl: 13-20%) by 24 months. Death accounted for 7—
8% of attrition across all follow-up intervals. The proportions of pediatric patients who were
either LTFU or died do not sum to the proportion of overall attrition at any of the follow-up
intervals, as some studies contributing to overall attrition statistics did not specifically
indicate attrition source. There was also very high heterogeneity across follow-up intervals
and attrition types (12 = 77.0-99.6%) (Figure 2, Table S4, and Figures S1-S18).

At most follow-up intervals, there was little evidence for publication bias based on Egger’s
test of funnel plot asymmetry. However, there was evidence of small-study effects for studies
pooled for LTFU within the first 6 months of follow-up and for 6-12 months follow-up, as
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well as for overall attrition at 6-12 months and 36-48 months of follow-up (Table S5;
Supplementary Material).

Meta-regression analyses

Meta-regression analyses were performed to investigate sources of heterogeneity (Table 1).
For the 0 to 6 months interval, multivariable meta-regression analysis showed that HIV-
positive children receiving ART (vs. pre-ART) were 17% less likely to have overall attrition
(95%Cl: 4-30%) and 27% less likely to have attrition due to LTFU alone (95%Cl: 15-38%).
Those receiving ART also trended toward having less mortality, but this was not statistically
significant. Multivariable meta-regression analysis also revealed studies with higher quality
scores (=5) were 23% less likely to have overall attrition (95%CI: 3-44%) and 18% less
likely to have attrition due to death alone (95%CI: 8-28%) during the first 6 months of
follow-up (Table 1).

For the >6 and <12 months follow-up interval, multivariable meta-regression revealed that
ART (vs. pre-ART) and larger sample size (=100) were associated with 10% (95%Cl: 2—
19%) and 21% (95%Cl: 9-34%) decreases in overall attrition, respectively. Studies in Asia
(vs. Africa) were 5% (95%CI: 1-9%) less likely to have attrition due to death during this
follow-up interval (Table 1). For intervals >12 months, there were no significant associations
in multivariable analysis (Table 1).

Subgroup analyses

Subgroup meta-analyses were stratified by studies of HIV-positive children receiving ART
vs. pre-ART children, with the latter having consistently higher levels of LTFU and overall
attrition over time. However, differences between the groups were more extreme at earlier
follow-up intervals (e.g., overall attrition up to 6 months follow-up was 38% and 11% for
pre-ART and ART subgroups, respectively) and were less marked at latter follow-up
intervals (e.g., overall attrition at >48 to <60 months was 22% and 21% for pre-ART and
ART subgroups, respectively). While mortality was lower for those on ART during the first
6 months of follow-up (7% vs. 12%), mortality was similar between ART and pre-ART
subgroups at latter time points (Table 2).

There were few studies with quality scores <5 from which to draw conclusions (K<7 for
each analysis). Meta-analyses of the subgroups of studies with quality scores <5 vs. =5
showed no clear trends in attrition (Table 2).

There were also few intervention studies from which to draw conclusions (K<6 for each
analysis). However, meta-analyses of the subgroups of intervention and non-intervention
studies suggested that overall attrition and attrition due to LTFU may have been higher for
intervention studies compared to non-intervention studies through the first 24 months of
follow-up (Table 2).

Subgroup meta-analyses suggested overall attrition was lower in non-intervention studies
that performed tracing compared to those that did not at <6 months (11% vs. 19%), >6 to
<12 months (8% vs. 21%), and >12 to <24 months (16% vs. 22%) of follow-up. Beyond 24
months follow-up, there were fewer tracing studies from which to draw conclusions (K<6
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for each analysis), but by >48 to <60 months of follow-up, overall attrition was higher for
studies that performed tracing compared to those that did not (24% vs. 19%). Similar
findings were observed when examining LTFU and death individually; generally, there were
lower levels of LTFU and death among tracing studies up to 24 months of follow-up, but at
later intervals, LTFU and death were similar or higher for studies with tracing compared to
those without. A high degree of heterogeneity was observed across studies, even when
examined in subgroup analyses (Table 2).

Discussion

To date, this work is the most comprehensive assessment of attrition from pediatric HIV care
and treatment services in LMICs. Quantifying the magnitude of this attrition provides a vital
benchmark for gauging programmatic successes and weaknesses. We found that most
attrition occurred in the first six months of follow-up. We also found that HIV-positive
children receiving ART had significantly better retention in care than those pre-ART, and
that studies performing case-finding/tracing for those LTFU had better retention in care.
These findings underscore the importance of early ART initiation and decentralized patient
support services (e.g., tracing).

Estimates of attrition from our primary meta-analysis (Figure 2 and Table S4) were similar
to those from prior systematic reviews of attrition from pediatric4 ®I and adultl!”- 18] HIv
services in LMICs. However, as our primary meta-analysis was inclusive of pre-ART and
ART cohorts, and we know pre-ART attrition varies widely and has the potential to bias
estimates, [® 191 we performed subgroup meta-analysis restricted to those on ART (Table 2).
We found that our estimates of attrition among children on ART were slightly lower than
those previously reported, with 14% of HIV-positive children on ART no longer in care at 12
months follow-up compared to previous estimates of 15%[“! and 5-29% attrition.[] By 36
months follow-up, we found 22% of HIV-positive children on ART were no longer in care,
while Fox et al. reported 23-34% attrition.[4] This might suggest slight improvement in
pediatric retention as programs and guidelines have evolved over time. However, in our
regression analyses, later study year (study starting during or after 2004) was not predictive
of lower attrition. Abuogi et al. actually found that risk of attrition in the first 12 months
after ART initiation increased in later years compared to earlier years.[®! We also found
higher attrition in later years in our recent meta-analysis of HIV-exposed infant attrition.[°]
Perhaps in earlier years, only successful programs were reporting outcomes (i.e., publication
bias). Also, earlier publications presumably overrepresented well-established urban
programs, while later publications represent expansion of services into newer programs
and/or rural areas.[2] Alternatively, it is possible that prevention of mother-to-child
transmission programs have succeeded in reducing incident pediatric HIV infections, and
increased ART availability has “resulted in a changing demographic of HIV-positive
children from families that are either more vulnerable or less motivated for treatment.”[5]
Whatever the case, improvements in pediatric attrition are only modest, at best, so additional
research and resources are clearly needed to ensure sustained retention in pediatric HIV
services.
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As expected, attrition from pediatric HIV care and treatment services increased with
duration of follow-up. However, most attrition occurred within the first six months,
suggesting this is an especially vulnerable period, and interventions to mitigate attrition or
promote retention (improved integration/linkage of maternal and child HIV services,[21-24]
phone/SMS-based messaging/reminders,[22] systems engineering and continuous quality
improvement approaches,[20: 251 improved information systems for identifying patients who
have missed clinical visits,[26: 271 and enhanced community outreach and patient
tracingl28-301) might have greater impact if implemented soon after HIV diagnosis.[31]
While mortality was captured when documented, it must be acknowledged that the reasons
for early attrition are not known and might actually be attributable in large part to
undocumented mortality.

Ample data support the idea that early ART initiation improves health outcomes for children
with HIV;[3.32-35] consistent with these health benefits, our findings suggest that retention in
care is also improved for those on ART. This provides support for the policy/guideline shifts
to the now-standard “Test and Start” treatment paradigm.[3¢] We also observed more
extreme differences between ART and pre-ART attrition at earlier follow-up intervals;
however, this is confounded by the fact that many pre-ART patients eventually transition to
ART.

Studies/programs that invested resources in tracing LTFU patients had lower levels of
attrition than those not performing/reporting tracing. However, this effect was more
prominent at earlier follow-up intervals. The benefits of tracing may diminish over time as
patients become more treatment-experienced. By implementing intensive case-finding for
those LTFU, programs can more effectively promote retention or reengagement in care,
ensure that unknown/silent transfers previously characterized as LTFU can be properly
characterized as retained in care, more accurately estimate mortality in their cohorts, and
gain insights into barriers and facilitators to sustained retention.[37-431 Qur findings provide
further support to the addition of patient tracing as a standard/required component of the
services provided by HIV programs in LMICs. However, additional research is needed to
better understand optimal approaches to tracing HIV-affected infants and children.

There was a high degree of heterogeneity in reported outcomes across follow-up intervals
and attrition subgroups. While this was also a major issue for other meta-analyses, this
degree of between-study variance should lead to cautious interpretation of our primary meta-
analysis. That said, we performed subgroup meta-analyses and random effects meta-
regression analyses to explore the potential sources and magnitude of this heterogeneity.

In particular, we acknowledge that inclusion of both non-intervention and intervention
studies, which often differ in very important ways, might have biased attrition/retention
outcomes resulting in enhanced heterogeneity. However, to ensure that we captured all
relevant data (including from control groups receiving standard of care in intervention
studies offering program-level interventions) we chose not to categorically exclude all
intervention studies. Interestingly, our subgroup analysis revealed the counterintuitive
finding that intervention studies had higher levels of attrition than non-intervention studies,
despite the extra-programmatic research resources that are typically available to promote
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retention for intervention studies. That said, it is difficult to draw conclusions from this
subgroup analysis for two important reasons: 1) relatively few intervention studies were
included in the subgroup (K<6), and 2) most intervention studies reported pooled attrition
outcomes for intervention and control arms. Among those reporting attrition outcomes
disaggregated by intervention status, those receiving the intervention typically had lower
attrition. Intervention studies may not have the external validity needed to compare attrition
outcomes to reports of more routine programmatic data.

A strength of our study was that we synthesized data from more than 145,000 HIV-positive
children. Consistent with the global burden of HIV and PEPFAR and Global Fund
investments, most of these children were from African countries. We were surprised to find
little evidence of regional variation in attrition between Africa, Asia, and the Americas,
though the small number of studies from the Americas limits inference. More variability is
likely to be observed if we stratified by country, but too few studies were available from any
given country for us to make these comparisons. There was also disproportionate
representation from urban compared to rural areas. This may limit our ability to generalize
our findings to non-urban areas in Africa and highlights the need for additional outcomes
research in other regions and rural areas.

Another limitation was the wide variation in LTFU definition across studies, which at least
partially accounts for the high degree of heterogeneity in reported outcomes.[44 451 We
accepted all provided definitions of LTFU, but because of this heterogeneity and the lack of
a clear LTFU definition in 25% of studies, we were unable to directly account for LTFU
definition in meta-regression or subgroup analyses. However, our quality assessments did
consider duration of follow-up and whether an LTFU definition was provided. Heterogeneity
in definitions and its impact on reporting outcomes have been raised by several studies.

[44, 46, 47] Adoption of a universal LTFU definition would help standardize reporting and
allow for more reliable comparisons between programs.

The factors/covariates used in our meta-regression and subgroup meta-analyses were
selected based on our experience working with HIV programs in LMICs and on literature
reviews, but other important factors influence attrition from pediatric HIV care (e.g., health
literacy/numeracy).[48: 491 As the studies reviewed here overwhelmingly represented
routinely collected programmatic data, there was no consistent exploration of other factors.
Attrition/retention outcomes were infrequently disaggregated by age, sex, or World Health
Organization (WHO) clinical stage, CD4 count, or HIV viral load, so we were unable to
assess for differences in attrition by these variables. In-depth exploration of other factors
influencing retention in pediatric HIV services should be a focus of future research.

Conclusions

Our findings of high attrition of HIV-positive children from HIV care and treatment services
in LMICs underscore the urgent need for implementation research and resources to mitigate
attrition and improve retention among this vulnerable population. The magnitude of attrition
from pediatric HIV programs in LMICs remains unacceptably high, with minimal
improvements shown in recent years. By quantifying this magnitude of attrition, this report
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may also serve as a benchmark for programmatic successes and weaknesses, potentially
useful for HIV program directors in LMICs and global policymakers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Flow diagram for study selection.
A complete list of references included and excluded from the meta-analysis can be found at:
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Figure 2. Meta-analysis results of attrition (loss to follow up [LTFU] or death) of HIV-positive
children from HIV care and treatment services in low- and middle-income countries.

Refer to Table S4 for details of effect sizes, pooled sample sizes, number of individual
cohorts, 12 statistics, and p-values for these pooled estimates.

Original forest plots and meta-analysis results are can be found in the Supplementary
Material, Figures S1-S12.
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