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Abstract

Background—We previously published systematic reviews of retention in care after 

antiretroviral therapy initiation among general adult populations in sub-Saharan Africa. We 

estimated 36-month retention at 73% for publications from 2007–2010. This report extends the 

review to cover 2008–2013 and expands it to all low- and middle-income countries.

Methods—We searched PubMed, Embase, Cochrane Register, and ISI Web of Science from 

January 1, 2008 to December 31, 2013 and abstracts from AIDS and IAS from 2008–2013. We 

estimated retention across cohorts using simple averages and interpolated missing times through 

the last time reported. We estimated all-cause attrition (death, loss to follow-up) for patients 

receiving first-line ART in routine settings in low- and middle-income countries.

Results—We found 123 papers and abstracts reporting retention for 154 patient cohorts and 

1,554,773 patients in 42 countries. Overall, 43% of all patients not retained were known to have 

died. Unweighted averages of reported retention was 78%, 71% and 69% at 12, 24, and 36 months 

after treatment initiation, respectively. We estimated 36-month retention at 65% in Africa, 80% in 

Asia, and 64% in Latin America and the Caribbean. From lifetable analysis, we estimated 

retention at 12, 24, 36, 48 and 60 months at 83%, 74%, 68%, 64% and 60%, respectively.

Conclusions—Retention at 36 months on treatment averages 65–70%. There are several 

important gaps in the evidence-base, which could be filled by further research, especially in terms 

of geographic coverage and duration of follow-up.
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INTRODUCTION

The success of national antiretroviral therapy (ART) programs in expanding access to 

treatment for HIV/AIDS in low- and middle-income countries is undisputed. As of the end 

of 2013, some 11.7 million adults and children were estimated to be on ART1, representing 

almost two thirds of those eligible for ART under current guidelines2. Recent studies have 

observed large reductions in mortality and corresponding increases in life expectancy in 

some of the hardest hit countries and populations3,4.

A large and growing body of research, conducted largely since 2008, has identified poor 

retention in HIV care, both before and after ART initiation, as one of the most important 

factors in determining the overall impact of treatment. Systematic reviews of retention after 

ART initiation in sub-Saharan Africa, conducted by the authors in 20075 and 20106, 

estimated 24 month retention to average 62% in the years leading up to 2007 and 76% 

between 2007 and 2009. The remaining one quarter to one third of all patients initiated on 

treatment were either known to have died or were lost to follow-up with unknown outcomes. 

Of these, some unknown proportion likely “self-transferred” to another facility and remain 

alive and in care, a proportion estimated in a recent pooled analysis to average 18.6% of 

those lost to follow-up7. Still, the loss of up to a third of patients over two years—and of 

more in each year after that—is regarded as a threat to the sustainability of HIV treatment 

programs and an important target for intervention2.

Although average retention in sub-Saharan Africa appeared to improve between the two 

earlier reviews, there were also substantial differences in the volume and methods of the 

papers included. It is thus difficult to determine whether the observed difference reflect a 

real improvement or is merely an artifact of research. These previous reviews were limited, 

moreover, to general adult populations in sub-Saharan Africa through mid-2009. Current 

retention rates reported by the World Health Organization (WHO) vary widely between 

countries and regions [1], and there have been important changes in both WHO guidelines 

and national ART programs since 2008. In order to assist policy makers, program managers, 

and funding agencies in understanding and targeting their efforts, we updated and expanded 

the current review to estimate retention on ART among general adult populations from all 

low- and middle-income regions from 2008 through 2013.

METHODS

Our goal was to estimate all-cause attrition from and retention in care for adult patients 

receiving first-line ART in routine service delivery settings in World Bank-defined low- and 

middle-income countries. All-cause attrition was defined as death or loss to follow-up. 

When such data were reported, we excluded patients who transferred to other sites, as their 

outcomes are unknown. Patients who were reported as stopping treatment but remaining in 

care were counted as retained.

We included observational studies describing retention in HIV treatment programs 

published or presented in 2008 or later. We included cohorts receiving standard first-line 

ART at any type or level of facility that followed prevailing national treatment guidelines. 
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We excluded clinical trials, intervention evaluations (including home-based care), and 

studies providing care that patients wouldn’t receive under usual practice, as indicated by 

each study’s authors. We included standard of care arms from studies evaluating 

interventions in non-randomized trials. Cohorts where ≥50% of patients were reported to be 

from high-risk or “key” populations—men who have sex with men, injection drug users, 

prisoners, female sex workers—and cohorts that limited enrollment to pregnant women, and 

subsets of the general population with low CD4 counts or tuberculosis were excluded; key 

populations will be reported on in a separate publication. Cohorts combining adults and 

pediatric or adolescent patients that did not stratify results by age groups were included only 

if over 50% were ≥18. We have reported on pediatric patients separately8.

Where multiple reports described a single cohort, we chose the one with the most complete 

data and/or longest follow-up. If a report described multiple cohorts, we included it only if 

the data could be stratified by country and there was no other report of any of the cohorts 

individually. If the data were disaggregated by cohort, only cohorts that were also reported 

in other sources were excluded. We required that studies follow patients from ART initiation 

to a mean or median of at least six months of follow-up. Studies had to report or provide 

enough information to estimate all-cause attrition (death and loss) for at least one of the 

following time points: 6, 12, or 18 months, or a later twelve-month interval after treatment 

initiation. We placed no restrictions on how cohorts assessed mortality among patients lost, 

but excluded studies that reported mortality but not loss to follow-up.

To identify studies, we searched PubMed, Embase, the Cochrane Register, and ISI Web of 

Science from January 1, 2008 to July 28, 2013 for English language publications. Within 

each index, we combined “antiretroviral” and any of “Africa”/“Asia”/“Central America”/

“Mexico”/“South America”/“Middle East”/"Eastern Europe"/“Caribbean Region” with any 

of the following: “retention”/“attrition”/“adherence”/ “mortality”/“loss to follow-up”/

“efficacy”/ or “evaluation.” We searched conference abstracts from AIDS and IAS 

conferences from 2008 to 2013 using “attrition,” “retention,” or “loss to follow-up.” (We did 

not search CROI as its website archives were unavailable throughout the review process.)

We then conducted three secondary searches. First, to capture journals that are not MeSH 

indexed, we searched again in PubMed, substituting region names with individual country 

names for all low an middle income countries (LMIC) for which we did not initially include 

at least two cohorts. Second, we searched PubMed to determine if any conference abstracts 

identified in the primary search had been published as full-text articles. Finally, we repeated 

each search in PubMed for the period from August 1, 2013 to January 9, 2014, when the 

database for the search was closed.

MF supervised the primary search and SR conducted the secondary searches. After 

excluding those whose titles were not relevant, abstracts were read to determine eligibility. 

Full text articles were reviewed by both authors to confirm eligibility. Uncertainties were 

resolved through consensus of both authors.
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Statistical Analysis

For cohorts reporting retention to a particular time point (as a proportion or Kaplan-Meier 

estimate), retention at each point was defined as that reported by the cohort. For cohorts that 

didn’t report retention at specific time points but provided data on attrition (numbers of 

subjects lost or died), retention was defined as the proportion alive and in care and assigned 

to the time closest to the median follow-up.

For analysis, countries were grouped into four regions: Africa (including North Africa); Asia 

(including Pacific island states); Europe and Central Asia (ECA); and Latin America and the 

Caribbean (LAC) (including South and Central America and Caribbean island states).

Analysis of reported retention proportions—We estimated mean retention across 

cohorts using simple averages unweighted by sample size. As each cohort reported to 

different time periods, we also interpolated any missing time period possible. For example, 

if a cohort reported 12- and 24-month retention, we interpolated 6- and 18-month retention, 

assuming a linear decline between two points.

Meta-analysis of retention rates—We synthesized the data in a meta-analysis stratified 

by last time period reported to. We plotted each retention estimate and its 95% confidence 

interval (CI) using forest plots and combined estimates using a random effects regression 

with a Freeman and Tukey arcsine transformation9. We created a patient-level dataset for 

each study with all attrition occurring at the time period when it was reported. We 

summarized retention using Kaplan-Meier curves and estimated retention over time using 

lifetable analysis. We report no confidence intervals for these estimates as the sample size 

creates misleadingly narrow intervals.

Sensitivity analysis—We plotted mean retention by last time period reported to assess 

whether cohorts reporting to longer time periods were more likely to report higher retention 

at earlier time periods than cohorts reporting to shorter time periods. If they were, it would 

suggest publication bias in later years of follow-up, in that cohorts with worse retention 

stopped reporting after shorter durations of follow-up than those with better retention. To 

create upper and lower bounds on true retention, given the varying time periods reported to, 

we conducted a sensitivity analysis to consider the best-case, worst-case and midpoint 

scenarios for retention. The best-case scenario assumed no additional attrition from the last 

period reported to through 60 months. The worst-case scenario assumed retention continued 

along the same linear trend as was observed between baseline and the last time period 

reported. The midpoint scenario is the average of the two.

RESULTS

Our primary search identified 3517 unique articles and 6846 abstract citations; an additional 

1236 articles were identified by our secondary searches. Of these, 123 met the inclusion 

criteria (97 articles, 26 abstracts, as depicted in Appendix 1). These studies reported on 154 

patient cohorts, described in Appendix 2, and 1,554,773 patients.
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A total of 42 countries were represented: 24 in Africa (114 cohorts), 10 in Asia (28 cohorts), 

and 8 in LAC (12 cohorts). Nearly 75% of all cohorts were from Africa. Within Africa, 24% 

of cohorts, about 18% of all included cohorts, were from South Africa. In Asia, nearly half 

of the cohorts came from India, but large cohorts from Thailand and China accounted for 

68% and 22% of all patients from Asia, respectively. One third of the LAC cohorts came 

from Brazil and nearly half the LAC patients came from Haiti. We found no studies from the 

Middle East, Eastern Europe, or Central Asia reporting on general population adult cohorts. 

The Europe and Central Asia region (ECA) is therefore not included in the results below.

Most patients initiated ART in their early- to mid-30s, with CD4 counts well below 200 

cell/mm3 (Appendix 2). Just under two thirds of patients in Africa were female, while in all 

other regions >50% were male. While not perfectly monotonic, there is some trend toward 

higher starting CD4 counts over time, with average or median CD4 counts at 113 cell/mm3 

among patients initiating in 2001/2 and 154 cell/mm3 for those starting in 2009/10 (mean 

difference 41.2; 95%CI: 9.4 to 72.3). Most (74%) cohorts had relatively short follow-up of 

one or two years, while the rest reported to three or four years (20%) or longer (6%).

Attrition from each cohort by the end of that cohort’s follow-up, stratified by reason for 

attrition, is reported in Table 1. For cohorts that distinguished between deaths and losses 

(n=113), an unweighted average of 43% of patients not retained were known to have died, 

while the remaining 57% were lost. Definitions of loss to follow-up ranged from 1 to 12 

months late for the next scheduled clinic visit and 1 to 16 months since the last clinic visit. 

The most common definition was to categorize patients as lost if they were ≥3 months late 

for a scheduled visit or did not return for >6 months after the last completed visit 

(definitions in Appendix 3).

Retention on ART as reported

Table 2 shows retention at each time period reported to, by country. Simple average 

retention for select time points is plotted in Figure 1. Details are presented in Figure 2, 

which illustrates retention rates and 95% CIs at 12, 24, 36 and 48 months using forest plots. 

Simple average retention with no interpolation of missing values averaged 78% at 12 

months, 71% at 24 months, and 69% at 36 months across all regions.

To determine if average retention changed over calendar time, we compared attrition at 12 

months in the 66 cohorts completing enrollment before 2008 to 12-month attrition in the 19 

starting enrollment on or after 2008. Retention was slightly lower in the later (post-2008) 

cohorts, averaging 74.3% retention vs. 78.4% in earlier cohorts.

We looked for publication bias by plotting weighted average attrition by last time point 

reported to. Studies with shorter follow-up periods reported higher attrition at any given 

time point than did studies with longer follow-up (Appendix 4). Studies reporting only to 12 

months, for example, retained an average of 84% of patients at 12 months, while those 

reporting to 36 months retained an average of 91% of patients at 12 months. This suggests 

some publication bias; had the studies that reported retention at 12 months continued to 

follow their cohorts, they would likely have had poorer 36 month retention than those that 

did report to 36 months.
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Meta-Analysis of ART Retention

We plotted Kaplan-Meier survival curves by region (Figure 3a-d) and estimated retention by 

lifetable analysis. These may be regarded as the most accurate of our aggregate estimates of 

retention, as they take into account the full set of data available. From this analysis, we 

estimate 12-, 24-, 36-, 48- and 60-month retention at 83%, 74%, 68%, 64% and 60%, 

respectively. Asia fared better than Africa or LAC in these estimates, with 36-month 

retention of 80% in Asia, 65% in Africa, and 64% in LAC.

Sensitivity analysis

Both publication bias and the possibility that cohorts with resources to publish also have 

more resources for retaining patients suggest simple averages may overestimate true 

retention. On the other hand, reported loss to follow-up may overestimate true loss to care, 

as patients who self-transfer to other facilities are often reported as lost. We undertook a 

sensitivity analysis in which we modeled expected attrition under best-case, worst-case, and 

midpoint scenarios (Appendix 5). As we previously found for adults in sub-Saharan Africa, 

there is little variation among the three scenarios up to 24 months on ART. By 36 months, 

the difference widens, and continues to expand through 60 months. The midpoint estimate of 

retention at 36 months is 67%. The worst- and best-case estimates at the same time point are 

62% and 72%, respectively.

DISCUSSION

This review of 154 general adult patient cohorts comprising 1,554,773 patients from 42 low- 

and middle-income countries published or presented from 2008 to 2013 allowed us to 

estimate ART retention with excellent precision. We found that adult 36 month retention 

averaged 65% in Africa, 80% in Asia, and 64% in Latin America and the Caribbean. 

Although average starting CD4 counts appear to be rising, attrition also shows some 

evidence of increasing over time. In considering change over time, however, it should be 

noted that most cohorts in this review enrolled patients under earlier, more restrictive 

treatment eligibility guidelines (i.e. CD4 count threshold of 200 cells/mm3 rather than the 

350 threshold that is common now).

Since our first two reviews, several reviews have considered other aspects of retention and 

other regions or populations. These include syntheses of reasons for stopping treatment10,11 

and pooled analyses of data from multiple cohorts in a region12. Quantitative results have 

generally been similar to ours, though several authors have noted that the definition of loss 

can influence estimated rates13,14. Of importance in interpreting this review is work on the 

ultimate outcomes of patients categorized as lost15. Studies that actively track lost patients 

suggest that while many have died or are untraceable, a large minority have re-initiated ART 

at another site (self-transferred). The term “lost to follow-up” should therefore be regarded 

as a catchall that includes informal self-transfers and undocumented deaths. It may over-

estimate national treatment program ART attrition, while also underestimating the 

proportion of deaths.
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Unlike our previous reviews, for which long-term data were scarce, our current review 

provides a robust estimate of retention beyond two years. Our lifetable results estimated 

overall adult retention at 83%, 74%, 68%, 64% and 60% after 12, 24, 36, 48, and 60 months 

on ART, respectively. We saw a steady reduction in annual attrition after 24 months, 

suggesting annual attrition slows but is not eliminated in later years on ART. A 2013 WHO 

report on low- and middle-income countries found similar 12-month retention (86%) but 

estimated 60-month retention at 72%2. These estimates come from 23 cohorts of ≥2000 

patients, and therefore may not be representative of typical cohorts in resource-limited 

settings. Alternatively as the countries included do not perfectly overlap our analysis and 

mainly report on recent retention, they could indicate retention is highly variable over long-

term follow-up. Longer follow-up in nationally representative cohorts is needed to discern 

the reasons for these differences.

In this review we included counties outside of sub-Saharan Africa, which allowed us to 

investigate regional differences in retention. We found some variation, with lifetable 

estimates of 36-month retention estimated at 65% in Africa, 80% in Asia, and 64% in LAC. 

Our review was not able to explain these differences, though they may have to do with 

differences in patient care-seeking behavior, socioeconomic status, experiences with the 

health care system, distances to the clinics or baseline disease status. We also note that 

although we excluded studies where >50% of patients were explicitly reported to be drawn 

from key populations, it is likely that cohorts in Asia and Latin America and the Caribbean, 

where most countries have concentrated HIV epidemics, included much larger proportions 

of MSM and IDU, in particular, than those from Africa. Future work is needed to define 

more accurately the specific populations from which study cohorts are drawn, confirm the 

variation between regions and populations, and to explain its implications for retention.

As noted above, we found a modest chronological trend toward increasing attrition in later 

years. Average 12-month retention for cohorts enrolling all patients before 2008, 78%, was 

higher than for cohorts that started enrolling in 2008 or later, 74%. Because the included 

cohorts vary widely, by location, population, and other factors, it is impossible to know 

whether this difference reflects a real trend toward poorer retention or is an artifact of the 

review. These results suggest that at a minimum, there is no broad trend toward 

improvement in retention over time. While our finding of increased attrition over time was 

not robust, it is consistent with findings from the South Africa national treatment program16 

and other African treatment programs17. There are many possible explanations for this. It is 

possible, for example, that as programs scale up they are less able to focus on retention. It is 

also possible that earlier treatment initiation, as reflected in many countries’ treatment 

guidelines starting in 2008, is associated with less mortality but more loss to follow-up17. 

We note that reviews like this one cannot readily address questions of the impact of 

guideline changes, largely because estimates of retention are rarely reported by either 

calendar year or patients’ year of ART initiation. This precludes ascribing any cohort’s 

retention estimate to a specific time period in relation to prevailing guidelines. We 

encourage future cohort studies to report outcomes by year of treatment inititiation.

Our review identified some important gaps in the retention literature. Roughly 70% of all 

included studies were African cohorts. While our inclusion criteria covered all low- and 
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middle-income countries, we found relatively few cohorts reporting in English outside Asia 

and Africa. It is understandable that a majority of research is done in Africa, which has the 

majority of HIV-infected individuals. We identified no studies meeting our inclusion criteria 

reporting on general adult populations from Europe and Central Asia. A parallel review of 

retention in high-risk, rather than general, populations found only one eligible study from 

the ECA region18. While we stratified our analysis by geographic region, both Asia and 

LAC had limited country variation, modest numbers of studies, and smaller cohorts. Within 

Africa, North Africa provided only one cohort, and most studies came from Southern or 

Eastern Africa, with minimal representation from Central and West Africa. Within Asia, the 

Middle East is missing entirely, and several very large countries (Malaysia, Pakistan, 

Bangladesh, Indonesia) had only one or no studies available (these countries were also 

absent from or poorly represented in the parallel high-risk populations review). Finally few 

cohorts reported retention beyond 36 months. While 12 or 24 months follow-up captures the 

high attrition immediately after starting treatment, it doesn’t shed light on the long-term 

effects of resistance, toxicities, treatment fatigue, and treatment failure, which may only 

develop after five years or more.

This review has several limitations. First, as noted, we identified publication bias that would 

be expected to overestimating retention as cohorts with worse attrition were systematically 

underrepresented. Second, for cohorts reporting overall retention along with median follow-

up duration, we ascribed retention to the period closest to the median. This can have an 

unpredictable effect on estimates; in some cases it will overestimate and in others 

underestimate retention. Third, large cohorts (e.g. Malawi, China, Thailand) may have had 

overly strong influence on the results. Fourth, in cases where we calculated cohort retention, 

we excluded transfer patients. Cohorts that reported Kaplan-Meier analyses often censored 

patients at transfer, which could bias retention estimates. In addition many patients who 

transfer care informally are likely reported as lost. Fifth, we accepted each report’s own 

definition of loss to follow-up as we did not have access to primary data that would have 

allowed us to apply a common definition. The definition of loss to follow up certainly 

matters, as has been made clear by other authors13,14. It is unclear, however, how the lack of 

a standard definition affected our aggregate estimates, as whatever standard definition was 

applied would have led to some studies overestimating and some underestimating attrition. 

Sixth, our results, particularly retention at 6 and 12 months, could be biased by the fact that 

we were forced to interpolate data between time points not reported and chose linear 

interpolation as the best approach. While attrition is often linear after the first year on 

treatment, it tends not to be during the first year. For the cohorts where 6 and/or 12 month 

retention was interpolated, this would likely cause an overestimate of early retention. 

Seventh, we excluded non-English language publications, which may explain the limited 

data outside Asia and Africa. Eighth, some cohorts used patient tracing which could have 

influenced retention rates. Finally, the keywords and MeSH terms used to index publications 

about ART retention are not consistent across publications. As a result, it is difficult to 

construct searches in databases like PubMed that are both inclusive and precise.

In conclusion, we found that among 1,554,773 general population patients from low- and 

middle-income countries, overall retention at 12, 24 and 36 months was estimated to be 

83%, 74% and 68% respectively. There appear to be substantial regional differences, with 
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36-month retention estimated at 65% in Africa, 80% in Asia, and 64% in LAC. As most of 

the reviewed cohorts came from sub-Saharan Africa, more retention data from low- and 

middle-income countries outside sub-Saharan Africa are needed to create a robust picture of 

retention throughout resource-limited settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Average retention at specified time points, by region*

* Note: Y axis starts at 40%
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Figure 2. 
– Forest plots of retention by time period reported to at 12, 24, 36 and 48 months on ART*

* Figure of 48 month retention includes 48 month retention (sometimes interpolated) for all 

cohorts reporting beyond 48 months
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Figure 3. 
a–d Kaplan-Meir curves of time to attrition for all adults and stratified by region*

* Kaplan Meir data use interpolated estimates
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