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Abstract

Background—Mortality after initiation of antiretroviral treatment (ART) among HIV-infected 

patients in resource limited settings is a critical measure of the effectiveness and comparative 

effectiveness of the global public health response. Unknown outcomes due to high loss to follow-

up (LTFU) preclude accurate accounting of deaths and limit our understanding of effectiveness.

Methods—We evaluated in HIV-infected adults on ART in 14 clinics in five settings in Kenya, 

Uganda and Tanzania using a sampling-based approach in which we intensively traced a random 

sample of lost patients (> 90 days late for last scheduled visit) and incorporated their vital status 

outcomes into analyses of the entire clinic population through probability-weighted survival 

analyses.

Corresponding author: Elvin H. Geng, MD, MPH, Division of HIV/AIDS, Department of Medicine, San Francisco General Hospital, 
University of California, San Francisco, 995 Potrero Avenue, Building 80, San Francisco, CA 94110; genge@php.ucsf.edu, phone: 
415-430-5589, fax: 415-476-6953.
Contributions
EHG and JNM led the overall design, execution of the study. EHG led the analysis and writing of the first draft of the manuscript. 
TAO, REL ANM, LD, MB, WM, PB, GRS, AK, EAB, MW, KKW, CYT, contributed to concept development, measurement design, 
execution of study procedures, review and writing of the manuscript and interpretation of results. JNM, DVG and CTY provided 
analytic oversight. JNM and CTY provided organizational support.
*Full Professors

We declare that we have no conflicts of interest

HHS Public Access
Author manuscript
Lancet HIV. Author manuscript; available in PMC 2015 June 25.

Published in final edited form as:
Lancet HIV. 2015 March 1; 2(3): e107–e116. doi:10.1016/S2352-3018(15)00002-8.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Findings—We followed 34,277 adults on ART from Mbarara and Kampala, Uganda; Eldoret and 

Kisumu, Kenya; and Morogoro, Tanzania. The median age was 35 years, 34% were men, and 

median pre-therapy CD4 count was 154 cells/μl. Overall 5,780 (17%) were LTFU, 991 (17%) 

were randomly selected for tracing and vital status was ascertained in 860 of 991 (87%). 

Incorporating outcomes among the lost increased estimated 3-year mortality from 3.9% (95% CI: 

3.6%-4.2%) to 12.5% (95% CI: 11.8%-13.3%). The sample-corrected, unadjusted 3-year mortality 

across settings ranged from 7.2% in Mbarara to 23.6% in Morogoro. After adjustment for age, sex, 

pre-therapy CD4 value, and WHO stage, the sample-corrected hazard ratio comparing the setting 

with highest vs. lowest mortality was 2.2 (95% CI: 1.5-3.4) and the risk difference for death at 3 

years was 11% (95% CI: 5.0%-17.7%).

Interpretation—A sampling based approach is widely feasible and important for understanding 

mortality after starting ART. After adjustment for measured biological drivers, mortality differs 

substantially across settings despite delivery of a similar clinical package of treatment. 

Implementation research to understand the systems, community, and patient behaviors driving 

these differences is urgently needed.

Keywords

Antiretroviral therapy; Africa; loss to follow-up; mortality; effectiveness

Although global investments in HIV/AIDS care and treatment have reached 13 million 

individuals with highly efficacious antiretroviral therapy (ART) (1), understanding the 

effectiveness – and comparative effectiveness across settings – of this public health 

investment depends on our ability to assess survival after ART initiation. While the 

antiretroviral regimens routinely used in resource limited settings (RLS) have reliable and 

potent pharmacologic ability to suppress HIV RNA replication, the actual attainment of viral 

control, restoration of health and achievement of long term survival in the real world is far 

less certain. To achieve optimal effectiveness, HIV medications must be delivered by 

adequately staffed clinics with qualified and motivated providers, accompanied by clinical 

and laboratory monitoring and taken by engaged patients with high day-to-day adherence. 

Barriers to these behaviors are common: poverty is prevalent (2), transportation is unreliable 

(3), “free” medications entail ancillary and opportunity costs (e.g., loss of wages) (4), 

provider burn out and long waiting times are commonplace (5), and stigma and depression 

remain widespread (6). Quantifying mortality after ART initiation is therefore urgently 

needed to understand the effectiveness – and comparative effectiveness – of global HIV 

treatment programs.

To date, however, surprising uncertainty remains about mortality among HIV-infected 

patients after starting ART. Existing reports from programmatic settings (7-9) likely miss a 

significant number of deaths due to loss to follow-up (10-12). For example, the 

Antiretroviral Therapy in Lower Income Countries (ART-LINC) cohorts reported mortality 

of 1.8% to 6% in 30 clinics in Africa at one year after ART initiation, but the authors noted 

that these figures were related to how active follow-up (and therefore ascertainment) was at 

each site (13). Interval “research” cohorts or randomized trials of clinical interventions, on 

the other hand, are able to report mortality more completely (14). These studies, however, 

select individuals who are willing and able to comply with research protocols and often offer 
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special services (such as transportation). Finally, international agencies provide estimates of 

HIV mortality on treatment (15). These figures, however, come from models which in turn 

rely on inputs from epidemiologic studies. Models also generally offer national figures, and 

do not shed light on site-to-site variability needed to inform practice behaviors at the front 

lines of the response to HIV.

We have previously developed a sampling-based approach to obtain more valid estimates of 

mortality in real-world, clinic-based cohorts of HIV patients in treatment programs in Africa 

(16, 17). This approach is based on identifying a numerically small but randomly selected 

sample of lost to follow-up patients, intensively seeking their outcomes in the community, 

and incorporating these findings to correct estimates in the entire clinic population using a 

probability weight. Previous work has been carried out in single clinic sites (18, 19). In this 

paper we apply this approach in a network of clinics in East Africa to better understand 

mortality “at scale,” and by extension, the effectiveness and comparative effectiveness of 

public health ART treatment in Africa.

Methods

Patients and setting

We evaluated patients on ART in 14 clinics and five programs in East Africa that operate in 

five locations: Mbarara, Uganda; Eldoret, Kenya; Kisumu, Kenya; Kampala, Uganda; and 

Morogoro, Tanzania. All programs deliver a similar package of simplified and standardized 

care which consists of a restricted number of non-nucleoside reverse transcriptase (NNRTI) 

–based first line combinations, no assigned stable provider for patients, the absence of 

routine HIV RNA testing and HIV genotype resistance assays (20). The clinics included 

participate in the East Africa International Epidemiologic Databases to Evaluate AIDS (East 

Africa – IeDEA), which is an NIH-funded consortium that pools and harmonizes data 

generated in routine care but does not influence delivery of clinical care at those sites (21). 

We included patients who had a visit in each program in the 2.5 years before the sampling 

was carried out. This definition includes patients already on ART at the start of the 

observation period as well as patients who started ART during the observation period. We 

believe this population represents the contemporary experience of the clinic. Patients were 

followed until death, transfer out, loss to follow-up or database closure.

Measurements and Procedures

Socio-demographic (e.g., sex) and clinical (e.g., CD4 level at ART initiation) data were 

obtained from routine care records. As previously described, a random sample of patients 

lost to follow-up (defined as > 90 days late for last visit as of sampling date) were 

intensively sought in the community to find their vital status (16, 22). Patients who had died 

or left the clinics with transfers were not counted among the lost. We targeted a 10%-20% 

sample of lost patients based on practical considerations about an absolute number that 

could be intensively traced by resources available at that site. Ascertainers, hired through 

existing departments in each program, sought the lost patients. For patients found to have 

died, we documented the death date and basic information about the cause of death (e.g., 

illness, accident, suicide, homicide or childbirth).
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Analyses

We used the Kaplan-Meier (KM) method to estimate mortality after ART initiation overall 

and by setting (e.g., Mbarara, Kisumu). Since some patients in our cohort started ART 

before we began to observe them (inclusion was defined by any visit to clinic in the 2.5 

years before the sampling was carried out), their observation time was treated as left-

truncated. Left truncated survival estimates are analogous to “life expectancy” estimates 

which provide an estimate of expected longevity given survival to the present era (23), but 

which does not account for patients who ceased to access care before the observation period 

(e.g., died or were lost to follow-up). We therefore also estimated mortality restricted to new 

ART initiators. For all KM estimates, we first conducted a “naïve” analysis which used only 

deaths known to the clinic before tracing. Second, as described in previous work (24), we 

carried out a revised estimate of mortality by incorporating outcomes among a random 

sample of lost patients through probability weights. In this approach, patients who remain 

under observation (who are not lost to follow-up) receive a weight of 1; patents who have 

unknown outcomes receive a weight of zero; patients who are found through tracing are 

given a weight inverse to the probability of outcome ascertainment. Weights were derived 

separately in each clinic. Confidence intervals for descriptive estimates were obtained via 

bootstrapping. We applied a competing risk approach to estimate the occurrence of deaths in 

care (defined as deaths within 30 days inclusive of their last clinic visit, irrespective of the 

next assigned appointment date) in the presence of deaths after a period of absence at the 

original clinic (defined as deaths that occurred more than 30 days after their last clinic visit) 

(25-27).

We carried out multivariable Cox proportional hazards regression to estimate the association 

between setting (e.g., Mbarara, Kampala) and mortality adjusted for socio-demographic, 

clinical and laboratory factors. We also quantified the variability of mortality across 

programs as absolute risk differences at 1, 2 and 3 years using predicted mortality at each of 

these time points. We took the inverse of the risk differences to provide number-needed-to-

treat (NNT) values, which in this case is number of patients who need to be treated in one 

setting to avoid one death as compared to another setting. A directed acyclic graph of the 

assumed underlying causal relationships did not identify backdoor paths in a model 

including all available predictors – we therefore did not carry out univariate analysis to 

identify candidate factors for a multivariate model. Continuous variables were categorized 

based on customary cut-points. Time on treatment before observation period began was 

accounted for through a restricted cubic spline of the time between observation start and 

ART initiation. We used multiple imputation to address missing predictor values (28). The 

imputation model included all variables in the main effects model as well as an interaction 

term between outcome and log-transformed observation time. We explored potential 

multiplicative interactions between program and two patient factors: pre-therapy CD4 level 

and sex. All analyses, including multiple imputation, were conducted using STATA 13.0 

(College Station, TX). The study was approved by the institutional review boards of relevant 

institutions involved.
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The sponsor of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. The corresponding author had full access to all the 

data in the study and had final responsibility for the decision to submit for publication.

Results

Patient Characteristics

Overall, we evaluated 34,277 adults on ART in 14 clinics in five different settings over a 

total of 63,390 person years and for an average of 1.85 years per person. The program in 

Mbarara contributed 7,515 from a single clinic site; Eldoret contributed 15,568 patients from 

five clinic sites; Kisumu provided 4,261 from four sites; Kampala provided 3,611 patients 

from three clinics and Morogoro observed 3,322 patients from one clinic site. Patients had a 

median age of 35 years, 33.9% were men, median CD4 level at ART initiation was 154 /μl 

(IQR: 70-234) and 52.8% newly started ART after observation began for the current analysis 

(Table 1). Overall patient demographic characteristics were not markedly different across 

settings.

Patients lost to follow-up

Of 34,277 total patients, 5,780 (17%) were lost to follow-up and 991 of 5,780 (17%) were 

randomly selected for tracing, which was carried out at all sites between June 10, 2011 and 

August 27, 2012. When stratified by setting, the fraction of the sampled successfully traced 

was 84% in Mbarara, 83% in Eldoret, 86% in Kisumu, 89% in Kampala and 89% in 

Morogoro. Lost patients were more likely to be men, had slightly lower CD4 levels at ART 

initiation, and more often started ART after observation in the cohort began. The median 

time between loss and tracing was 1.2 years (IQR: 0.7 to 1.8). In 860/991 (87%) of 

attempted cases, updated vital status was ascertained. Of these 860, 135 (15.6%) outcomes 

were found through chart review alone and the remaining were found through tracing 

activities. As expected, the characteristics of the randomly selected lost patients were very 

similar to all lost patients (Table 1). Among the 860 cases where an outcome was 

ascertained, in 233 (27%) the patient was found to have died (Figure 1), yielding a 

cumulative incidence of mortality among the lost at 30, 90, 180 and 365 days after the last 

visit of 9.8% (95% CI: 8.0%-12.0%); 15.6% (95% CI: 13.3%-18.2%); 18.7% (95% CI: 

16.3%-21.5%); and 23.4% (95%CI: 20.7%-26.4%). When stratified by program, the 1-year 

cumulative incidence of mortality among patients lost to follow-up ranged from a low of 

20.1% in Eldoret to 29.2% in Morogoro (Figure 2). Changes in the rate of mortality after 

ART initiation differed from site to site (Figure 2).

Naïve and Corrected Mortality Estimates

Among all patients, the “naïve” mortality estimate at 1, 3, and 5 years after ART initiation 

(which does not account for deaths among the lost) was 2.7% (95% CI: 2.5%-3.0%), 3.9% 

(95% CI: 3.6%-4.2%), and 5.2% (95% CI: 4.8%-5.6%). After incorporating updated vital 

status information among the lost patients obtained through tracing, mortality at the same 

time points was estimated to be 7.1% (95% CI: 6.4%-7.7%), 12.5% (95% CI: 11.8%-13.3%) 

and 15.8% (95% CI: 14.8%-16.2%) (Figure 3). Sample-corrected estimates of three-year 

mortality in individual settings were two-fold to over 10-fold higher compared to the “naïve” 
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(i.e., unadjusted) ones (Figure 4). Mortality varied markedly across settings. The lowest 

mortality was observed in Mbarara, where the corrected 3 year cumulative incidence of 

mortality was 7.2%. The highest mortality was observed at Morogoro, where the corrected 3 

year cumulative incidence of mortality was 23.6% (Figure 5). An analysis restricted to 

patients newly starting ART during the observation period was very similar and found an 

overall mortality at one year was 8.1% (95% CI: 6.9% - 9.3%) and at year two was 12.4% 

(95% CI: 10.5% −14.0%) When stratified by program the two-year mortality among patients 

starting ART during observation period differed markedly as well and ranged from a low of 

7.7% (4.5% - 10.8%) in Mbarara to 23.7% (95% CI: 17.7 - 29.7%) in Morogoro.

Deaths in relation to last visit

In the competing risk analysis, the fraction of patients who died in care (i.e., within 30 days 

of last actual visit inclusive) was highest soon after ART initiation while deaths after 30 or 

more days of absence from initial clinic rose slowly over time (Figure 6). In the estimates 

pooled across settings, approximately 1 year after ART initiation, the fraction of deaths that 

occurred after 30 days of absence from the initial clinic exceeded deaths that occurred within 

30 days of the last visit. The proportion of deaths in care vs. out of care over time, however, 

varied from program to program: in Mbarara, deaths out of care exceeded deaths in care by 6 

months after ART initiation, in Morogoro, even after two years, deaths in care exceeded 

deaths out of care.

Predictors of mortality

In multivariable analyses, after adjustment for biological and clinical factors as well as the 

time the patients had been on ART before observation, the hazard ratio for mortality 

associated with setting was 2.2 fold (95% CI: 1.5 - 3.3) when comparing Morogoro (setting 

with the highest mortality) with Mbarara (the setting with lowest mortality) (Table 2). The 

adjusted risk difference in 1, 2 and 3-year mortality between these two settings was 6.5% 

(95% CI: 1.0%-11.9%); 9.0% (95% CI: 2.6%-15.4%); and 11.3% (95% CI: 5.0%-17.7%) 

respectively, which translated into a number needed to treat of 15, 11 and 9 at each of those 

time points. Male sex, advancing age, more advanced WHO stage and lower pre-therapy 

CD4 levels were also associated with higher rates of mortality (Table 2). A “naïve” analysis 

including only outcomes known before tracing to illustrate the potential distorting effects of 

loss to follow-up found spuriously elevated associations between Eldoret and mortality 

(where the HR rose from 1.5 to 2.7 as compared with Mbarara), as well as a spuriously 

diminished associations between Morogoro and mortality (where the HR fell from 2.2 to 

1.5) and Kampala and mortality (where HR fell from 1.5 to 0.5). In this naïve, unweighted 

analysis, the adjusted 2-year risk difference between the settings with the highest and lowest 

mortality was 4.8% (95% CI: 2.6-7.0), yielding a NNT of 21 – markedly higher than the 

estimated NNT of 11 at the same time obtained from the sample weighted estimates.

Discussion

We report mortality among HIV infected patients receiving ART in network of clinics 

providing facility-based care in East Africa which accounts for deaths normally unknown 

due to loss to follow-up. Carrying out the sampling approach “at scale” in a network of 14 
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clinics extends previous sampling-based estimates at a smaller number of sites by expanding 

the overall scope as well as providing comparison between treatment settings. Accounting 

for outcomes among lost patients led to a 2.5-fold increase in estimated two-year mortality 

in the entire patient population. The resulting estimated mortality of 12.5% is substantially 

higher than pooled estimates from Europe. A comparison of the corrected mortality 

estimates across settings showed a 2.2-fold difference between settings after adjustment for 

clinical predictors of mortality such as WHO stage and CD4 level at ART initiation. On an 

absolute scale, the adjusted risk difference for mortality at 3 years between the site with the 

highest and lowest mortality was as high as 11%, corresponding to a number needed to treat 

of 9. Overall, we conclude that (1) accounting for outcomes among the lost is requisite for 

understanding the magnitude of mortality in diverse settings; (2) the corrected mortality 

rates are higher than previously believed; and (3) after adjustment for clinical characteristics, 

the effectiveness of treatment differs substantially across settings, despite application of a 

broadly similar clinical package of care.

These results imply that a sampling-based approach is not only widely feasible, but also has 

widespread importance in settings where vital registries are not robust. Global health 

programs are increasingly focused on patient outcomes: a 2013 report from the US 

Government’s Accounting Office was titled “Shift Toward Partner Country Treatment 

Programs will Require Better Information on Results” (29) and recent statements from the 

incoming US Global AIDS Coordinator emphasize the importance of outcomes (30). 

Currently efforts to obtain these results in the presence of high loss to follow up include a 

nomogram to apply a correction factor to mortality estimates derived from summaries of 

existing cohort studies in which outcomes in non-probability sample of lost patients were 

identified (31). Although useful at the macroscopic level, in our study the nomogram did not 

provide enough resolution in individual settings: estimates of three year mortality using the 

nomogram ranged from a 77% underestimate to a 30% overestimate as compared to a 

sampling-based approach. Other strategies such as inverse probably of censoring weights 

(32) assume that outcomes are missing at random after accounting for available covariates. 

This assumption is unlikely to be met in settings where rich time-varying covariates are not 

available, deaths are many fold higher among lost patients (33), and death is itself a cause 

for an unknown outcome (34). Sampling offers an immediately feasible and impactful 

strategy that does not rely on these assumptions to obtain inferences about effectiveness and 

impact.

The corrected mortality estimates we observed of 8.1% at one year among new ART starters 

and 15.8% at three years in all patients’ offers a sobering assessment of the effectiveness of 

ART treatment in Africa. These findings are higher than previous reports from several large, 

multi-site cohort analyses. ART LINC, which included sites from southern, eastern, and 

western Africa, reported a pooled death rate of 5% one year after starting ART (13). South 

Africa’s public sector programs in four provinces followed 44,177 patients and observed 

6.6% and 9.7% mortality at one and three years after starting ART (35). Both analyses, 

however, included high fraction of loss to follow up. Accounting for deaths among the lost 

to follow-up may explain higher mortality observed in our analysis. Recent reports from 

European cohorts suggest an overall mortality of 1.1 deaths per 100 person-years among 

adults starting ART with similar CD4 levels (36), which is substantially lower than the 
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overall estimates of mortality we observed. This difference implies that while the global 

response to treating HIV has made huge strides in Africa, further improvements are needed. 

Strategies to enhance both the supply side (e.g., improving the quality of care (37)), as well 

as the demand side (e.g.,enhancing satisfaction, social marketing) are the next generation of 

public health challenges that must be overcome to reach optimal outcomes.

Mortality across settings in East Africa, or the “comparative effectiveness” of treatment 

across these settings, differed markedly and highlights the urgency of more deeply 

understanding the nature of organizational as well as patient and provider behaviors at the 

front lines. On the surface, all settings in this study delivered a similar package of public 

health services: NNRTI-based first line ART, ministry of health (MOH)-staffed clinics, a 

clinic-based model that does not support one-to-one longitudinal provider-patient 

relationship, and no routine access to HIV RNA quantification or HIV resistance mutation 

genotyping. Yet, despite this relatively standardized approach (20), large differences in 

outcomes were observed which were not explained by obvious factors: for example, both 

Mbarara and Morogoro are semi-urban hubs in a rural environment yet outcomes differed 

markedly despite similar per capita GDP of 598 USD in Uganda and 695 USD in Tanzania. 

Candidate determinants which lie just beneath the surface include patient-provider trust, 

communication, and the quality of care. Research to identify, isolate, replicate and 

disseminate the behaviors that lead to the best outcomes must be urgently pursued. The 

stakes are high: as shown in our multivariable regression model, the adjusted association 

between setting and mortality was similar in magnitude to the effect of a CD4 count of 

200-350/μl vs. <50 /μl at ART initiation.

The timing of deaths in relation to the last clinic visit may yield additional insights into 

organizational and systems drivers of mortality. Since many deaths occurred within a month 

of the last visit to the original clinic and therefore occurred “in care”, the timing of these 

events implies that facility-based opportunities to intervene are present. Anecdotally, we 

observed that in settings where a standardized and simplified approach to patients is taken, 

systems are not optimally positioned to detect and respond to the individuals who have signs 

and symptoms of an acute illness. In previous work, we found mortality among the lost 

could be predicted by clinical characteristics at last clinic visit (16). Efforts to optimize the 

speed and quality of medical care, perhaps using algorithmic strategies for empiric 

treatment, may influence outcomes in these situations.

There are a number of limitations in this study. We did not find 100% of patients who were 

lost to follow-up: residual selection bias may be present. The fraction ascertained, however, 

was high overall (87%) and was similar across patient characteristics (e.g., sex, age) and 

tracing process factors (e.g., time from last visit to tracing). Furthermore, the site to site 

variability in outcomes ascertainment did not have an obvious relationship with the corrected 

mortality estimates: the site with the highest mortality (Morogoro) ascertained vital status in 

85% of the sampled, whereas the site with the lowest mortality (Mbarara) ascertained 

outcomes in a very similar fraction of 83%. Second, the settings in this study were not 

sampled from a larger pool of sites, but rather represent a convenience sample of programs. 

These results, therefore, cannot be directly interpreted as signifying performance in certain 

regions, much less countries. Third, as in many “real world” settings, some data about 
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patient characteristics was missing. The overall level of missing data, however, was low and 

similar across settings, with the exception of ART regimen in Kampala, which we were 

unable to collect and which is therefore categorically missing. Fourth, we also lacked more 

detailed measurements of the nature of care in these settings: for example we did not have 

data on provider to patient ratios, waiting times, adherence or other factors that would be 

associated with mortality. Therefore, while we document differences, we are not well 

positioned to explain these differences. Finally, while analysis of predictors of mortality 

included standard metrics of illness severity at ART initiation such as WHO stage and CD4 

levels, these markers may not capture the complete clinical picture and therefore residual 

bias may be present.

In summary, we applied a sampling-based approach to obtain more accurate estimates of 

mortality in HIV treatment programs in East Africa and found striking variability in survival 

outcomes across settings, which persisted after adjustment for CD4 level, WHO stage and 

other demographic characteristics. This unexpected variability implies that organizational, 

provider and patient behaviors in delivery of a similar clinical package is a critical, but an 

incompletely understood dimension, in the public health response to HIV. The presence of 

such heterogeneity is a clarion call for implementation science, which at this point in the 

response to the HIV epidemic, is likely to offer a greater potential for immediate public 

health impact than clinical or basic research. Research to conceptualize (38), describe, 

measure and specify implementation processes (39) is needed to identify and ultimately 

replicate high-quality practices at the front lines of the public health response to HIV/AIDS. 

A sampling-based approach is an efficient strategy to ascertain outcomes where loss to 

follow-up is high, and can be applied in other steps of the cascade as well to inform our 

understanding of the effectiveness of the HIV response. Epidemiologic networks such as the 

East Africa International Epidemiologic Databases to Evaluate AIDS, which pool data 

across diverse settings, can demonstrate heterogeneity not apparent to investigators working 

in one program, region or even country.

Acknowledgements

We would like to thank the patients, the patient tracers at each site and the director of the Kenya Medical Research 
Institute for permission to publish this manuscript.

Source of Funding: National Institutes of Health (K23AI084544, U01AI069911) the US President’s Emergency 
fund for AIDS Relief

Funding: The US National Institutes of Health (K23AI084544, U01AI069918) and the US President’s Emergency 
Fund for AIDS Relief)

Role of the Funding Sources

Funded by the National Institutes of Health, which had no role in the writing nor submission of the manuscript. No 
payments were made for the writing by a pharmaceutical company nor other agency. EHG has full access to the 
data in the study and final responsibility for submission of the publication.

References

1. UNAIDS. Global Report: UNAIDS Report on the Global AIDS Epidemic 2013. 2013. <http://
www.unaids.org/en/media/unaids/contentassets/documents/epidemiology/2013/gr2013/
UNAIDS_Global_Report_2013_en.pdf>

Geng et al. Page 9

Lancet HIV. Author manuscript; available in PMC 2015 June 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.unaids.org/en/media/unaids/contentassets/documents/epidemiology/2013/gr2013/UNAIDS_Global_Report_2013_en.pdf
http://www.unaids.org/en/media/unaids/contentassets/documents/epidemiology/2013/gr2013/UNAIDS_Global_Report_2013_en.pdf
http://www.unaids.org/en/media/unaids/contentassets/documents/epidemiology/2013/gr2013/UNAIDS_Global_Report_2013_en.pdf


2. Hardon AP, Akurut D, Comoro C, Ekezie C, Irunde HF, Gerrits T, et al. Hunger, waiting time and 
transport costs: time to confront challenges to ART adherence in Africa. AIDS care. May; 2007 
19(5):658–65. PubMed PMID: 17505927. eng. [PubMed: 17505927] 

3. Tuller DM, Bangsberg DR, Senkungu J, Ware NC, Emenyonu N, Weiser SD. Transportation Costs 
Impede Sustained Adherence and Access to HAART in a Clinic Population in Southwestern 
Uganda: A Qualitative Study. AIDS and behavior. Mar.2009 :13. PubMed PMID: 19283464. Eng. 

4. Kemp JR, Mann G, Simwaka BN, Salaniponi FM, Squire SB. Can Malawi's poor afford free 
tuberculosis services? Patient and household costs associated with a tuberculosis diagnosis in 
Lilongwe. Bulletin of the World Health Organization. 2007; 85(8):580–5. [PubMed: 17768515] 

5. Wanyenze RK, Wagner G, Alamo S, Amanyire G, Ouma J, Kwarisima D, et al. Evaluation of the 
efficiency of patient flow at three HIV clinics in Uganda. AIDS patient care and STDs. Jul; 2010 
24(7):441–6. PubMed PMID: 20578908. Pubmed Central PMCID: 2933556. Epub 2010/06/29. eng. 
[PubMed: 20578908] 

6. Tsai AC, Bangsberg DR, Frongillo EA, Hunt PW, Muzoora C, Martin JN, et al. Food insecurity, 
depression and the modifying role of social support among people living with HIV/AIDS in rural 
Uganda. Social science & medicine. 2012

7. Marazzi MC, Liotta G, Germano P, Guidotti G, Altan AD, Ceffa S, et al. Excessive early mortality 
in the first year of treatment in HIV type 1-infected patients initiating antiretroviral therapy in 
resource-limited settings. AIDS research and human retroviruses. Apr; 2008 24(4):555–60. PubMed 
PMID: 18366314. eng. [PubMed: 18366314] 

8. Bisson GP, Gaolathe T, Gross R, Rollins C, Bellamy S, Mogorosi M, et al. Overestimates of survival 
after HAART: implications for global scale-up efforts. PloS one. 2008; 3(3):e1725. PubMed PMID: 
18320045. eng. [PubMed: 18320045] 

9. Wools-Kaloustian K, Kimaiyo S, Diero L, Siika A, Sidle J, Yiannoutsos CT, et al. Viability and 
effectiveness of large-scale HIV treatment initiatives in sub-Saharan Africa: experience from 
western Kenya. Aids. Jan 2; 2006 20(1):41–8. PubMed PMID: 16327318. [PubMed: 16327318] 

10. Fox MP, Rosen S. Patient retention in antiretroviral therapy programs up to three years on 
treatment in sub-Saharan Africa, 2007-2009: systematic review. Tropical Medicine & International 
Health. 2010; 15(S1):1–16. [PubMed: 20586956] 

11. Rosen S, Fox MP. Retention in HIV care between testing and treatment in sub-Saharan Africa: a 
systematic review. PLoS medicine. Jul.2011 8(7):e1001056. PubMed PMID: 21811403. Pubmed 
Central PMCID: 3139665. Epub 2011/08/04. eng. [PubMed: 21811403] 

12. Rosen S, Fox MP, Gill CJ. Patient retention in antiretroviral therapy programs in sub-Saharan 
Africa: a systematic review. PLoS medicine. Oct 16.2007 4(10):e298. PubMed PMID: 17941716. 
eng. [PubMed: 17941716] 

13. Braitstein P, Brinkhof MW, Dabis F, Schechter M, Boulle A, Miotti P, et al. Mortality of HIV-1-
infected patients in the first year of antiretroviral therapy: comparison between low-income and 
high-income countries. Lancet. Mar 11; 2006 367(9513):817–24. PubMed PMID: 16530575. eng. 
[PubMed: 16530575] 

14. Walker AS, Prendergast AJ, Mugyenyi P, Munderi P, Hakim J, Kekitiinwa A, et al. Mortality in the 
year following antiretroviral therapy initiation in HIV-infected adults and children in Uganda and 
Zimbabwe. Clinical infectious diseases. 2012; 55(12):1707–18. [PubMed: 22972859] 

15. UNAIDS World AIDS Day report 2012. Organization WH; Geneva: 2012. <http://
www.unaids.org/en/resources/campaigns/20121120_globalreport2012/globalreport/>

16. Geng EH, Emenyonu N, Bwana MB, Glidden DV, Martin JN. Sampling-based approach to 
determining outcomes of patients lost to follow-up in antiretroviral therapy scale-up programs in 
Africa. JAMA. Aug 6; 2008 300(5):506–7. PubMed PMID: 18677022. eng. [PubMed: 18677022] 

17. Yiannoutsos CT, An MW, Frangakis CE, Musick BS, Braitstein P, Wools-Kaloustian K, et al. 
Sampling-based approaches to improve estimation of mortality among patient dropouts: 
experience from a large PEPFAR-funded program in Western Kenya. PloS one. 2008; 3(12):e3843. 
PubMed PMID: 19048109. eng. [PubMed: 19048109] 

18. Geng EH, Bangsberg DR, Musinguzi N, Emenyonu N, Bwana M, Glidden DV, et al. Tracking a 
Sample of Patients Lost to Follow-up has a Major Impact on Understanding Determinants of 

Geng et al. Page 10

Lancet HIV. Author manuscript; available in PMC 2015 June 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.unaids.org/en/resources/campaigns/20121120_globalreport2012/globalreport/
http://www.unaids.org/en/resources/campaigns/20121120_globalreport2012/globalreport/


Survival in HIV-infected Patients on Antiretroviral Therapy in Africa Tropical Medicine & 
International Health. 2010; 15(S1):71–7.

19. Namusobya, J., Semitala, F., Kabami, J., et al. Retention of care and Mortality among HIV - 
infected patients entering care with CD4 levels > 350/uL in Uganda Conference on Retroviruses 
and Opportunistic Infections. Seattle: 2012. 

20. Gilks CF, Crowley S, Ekpini R, Gove S, Perriens J, Souteyrand Y, et al. The WHO public-health 
approach to antiretroviral treatment against HIV in resource-limited settings. Lancet. Aug 5; 2006 
368(9534):505–10. PubMed PMID: 16890837. eng. [PubMed: 16890837] 

21. International Epidemiologic Databases to Evaluate AIDS. <http://www.iedea-hiv.org/> [cited 2011 
January 21, 2011]

22. Geng EH, Bangsberg DR, Musinguzi N, Emenyonu N, Bwana MB, Yiannoutsos CT, et al. 
Understanding reasons for and outcomes of patients lost to follow-up in antiretroviral therapy 
programs in Africa through a sampling-based approach. Journal of acquired immune deficiency 
syndromes. Mar; 2010 53(3):405–11. PubMed PMID: 19745753. Epub 2009/09/12. eng. 
[PubMed: 19745753] 

23. Cleves, M., Gould, W., Gutierrez, R. An introduction to survival analysis using Stata. Stata Press; 
2008. 

24. Geng, EH., Muyindike, W., Glidden, DV., Bwana, MB., Yiannoutsos, CT., Braitstein, P., 
Musinguzi, N., Bangsberg, DR., Martin, JN. Conference on Retroviruses and Opportunistic 
Infections. Boston: 2011. Failure to Initiate ART, Loss to Follow-up and Mortality among HIV-
infected Patients during the pre-ART period in Uganda: Understanding Engagement in Care in 
Resource Limited Settings. 

25. Coviello V, Boggess M. Cumulative incidence estimation in the presence of competing risks. The 
Stata Journal. 2004; 4(2):103–12.

26. Prentice RL, Kalbfleisch JD, Peterson AV Jr. Flournoy N, Farewell VT, Breslow NE. The analysis 
of failure times in the presence of competing risks. Biometrics. Dec; 1978 34(4):541–54. PubMed 
PMID: 373811. eng. [PubMed: 373811] 

27. Satagopan JM, Ben-Porat L, Berwick M, Robson M, Kutler D, Auerbach AD. A note on 
competing risks in survival data analysis. Br J Cancer. Oct; 2004 4 91(7):1229–35. PubMed 
PMID: 15305188. eng. [PubMed: 15305188] 

28. Schafer JL, Graham JW. Missing data: our view of the state of the art. Psychol Methods. Jun; 2002 
7(2):147–77. PubMed PMID: 12090408. eng. [PubMed: 12090408] 

29. Shift toward Partner-Country Treatment Programs Will Require Better Information on Results. 
Office UGA; US Government: 2013. <http://www.gao.gov/products/GAO-13-460> (Accessed 11-
Nov-2014)

30. Bartone, A. Ambassador Deborah Birx on viral load testing, young women, South Africa, and the 
T word. Science Speaks. <http://sciencespeaksblogorg/2014/05/29/ambassador-deborah-birx-on-
viral-load-testing-young-women-south-africa-and-the-t-word/> Accessed May 29, 2014. 2014. 
Epub

31. Egger, M. Correcting mortality for loss to follow up: a graphical approach applied to ART 
programmes in resource-limited settings: WEPED173 5th IAS Conference on HIV Pathogenesis 
and Treatment; Cape Town. 2009. 

32. Robins JM, Finkelstein DM. Correcting for noncompliance and dependent censoring in an AIDS 
Clinical Trial with inverse probability of censoring weighted (IPCW) log-rank tests. Biometrics. 
Sep; 2000 56(3):779–88. PubMed PMID: 10985216. eng. [PubMed: 10985216] 

33. Brinkhof MW, Pujades-Rodriguez M, Egger M. Mortality of patients lost to follow-up in 
antiretroviral treatment programmes in resource-limited settings: systematic review and meta-
analysis. PloS one. 2009; 4(6):e5790. PubMed PMID: 19495419. eng. [PubMed: 19495419] 

34. Geng EH, Glidden DV, Bangsberg DR, Bwana MB, Musinguzi N, Nash D, et al. A Causal 
Framework for Understanding the Effect of Losses to Follow-up on Epidemiologic Analyses in 
Clinic-based Cohorts: The Case of HIV-infected Patients on Antiretroviral Therapy in Africa. Am 
J Epidemiol. Feb 3; 2012 175(10):1080–7. PubMed PMID: 22306557. Epub 2012/02/07. Eng. 
[PubMed: 22306557] 

Geng et al. Page 11

Lancet HIV. Author manuscript; available in PMC 2015 June 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.iedea-hiv.org/
http://www.gao.gov/products/GAO-13-460
http://sciencespeaksblogorg/2014/05/29/ambassador-deborah-birx-on-viral-load-testing-young-women-south-africa-and-the-t-word/
http://sciencespeaksblogorg/2014/05/29/ambassador-deborah-birx-on-viral-load-testing-young-women-south-africa-and-the-t-word/


35. Cornell M, Grimsrud A, Fairall L, Fox MP, van Cutsem G, Giddy J, et al. Temporal changes in 
programme outcomes among adult patients initiating antiretroviral therapy across South Africa, 
2002–2007. AIDS (London, England). 2010; 24(14):2263.

36. Dias S, Sutton AJ, Welton NJ, Ades A. Evidence Synthesis for Decision Making 3 Heterogeneity
—Subgroups, Meta-Regression, Bias, and Bias-Adjustment. Medical Decision Making. 2013; 
33(5):618–40. [PubMed: 23804507] 

37. Heiby J. The use of modern quality improvement approaches to strengthen African health systems: 
a 5-year agenda. International Journal for Quality in Health Care. 2014 mzt093. 

38. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for characterising 
and designing behaviour change interventions. Implement Sci. 2011; 6(1):42. [PubMed: 
21513547] 

39. Proctor EK, Powell BJ, McMillen JC. Implementation strategies: recommendations for specifying 
and reporting. Implement Sci. 2013; 8(1):139. [PubMed: 24289295] 

40. Sudfeld CR, Isanaka S, Mugusi FM, Aboud S, Wang M, Chalamilla GE, et al. Weight change at 1 
mo of antiretroviral therapy and its association with subsequent mortality, morbidity, and CD4 T 
cell reconstitution in a Tanzanian HIV-infected adult cohort. The American journal of clinical 
nutrition. Jun; 2013 97(6):1278–87. PubMed PMID: 23636235. Pubmed Central PMCID: 
PMC3652924. Epub 2013/05/03. eng. [PubMed: 23636235] 

41. Kabali C, Mtei L, Brooks DR, Waddell R, Bakari M, Matee M, et al. Increased mortality associated 
with treated active tuberculosis in HIV-infected adults in Tanzania. Tuberculosis (Edinburgh, 
Scotland). Jul; 2013 93(4):461–6. PubMed PMID: 23523641. Pubmed Central PMCID: 
PMC3681884. Epub 2013/03/26. eng. 

42. Matthews LT, Kaida A, Kanters S, Byakwagamd H, Mocello AR, Muzoora C, et al. HIV-infected 
women on antiretroviral treatment have increased mortality during pregnant and postpartum 
periods. Aids. 2013; 27:S105–S12. [PubMed: 24088676] 

43. Johannessen A, Naman E, Ngowi BJ, Sandvik L, Matee MI, Aglen HE, et al. Predictors of 
mortality in HIV-infected patients starting antiretroviral therapy in a rural hospital in Tanzania. 
BMC infectious diseases. 2008; 8:52. PubMed PMID: 18430196. eng. [PubMed: 18430196] 

44. Somi G, Keogh S, Todd J, Kilama B, Wringe A, Van Den Hombergh J, et al. Low mortality risk but 
high loss to follow-up among patients in the Tanzanian national HIV care and treatment 
programme. Tropical Medicine & International Health. 2012; 17(4):497–506. [PubMed: 
22296265] 

Geng et al. Page 12

Lancet HIV. Author manuscript; available in PMC 2015 June 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Evidence in Context

Search

We searched for cohort studies which offered estimates of adult mortality after 

antiretroviral therapy initiation in the Eastern African countries of Uganda, Kenya or 

Tanzania over the last five years using Pubmed. The search terms ((((hiv) AND 

antiretroviral therapy) AND mortality) AND cohort study AND adult) AND ((kenya OR 

uganda OR tanzania OR "eastern africa")) yielded 133 total publications. A number of 

studies estimated mortality within randomized trials, which may not reflect “real world” 

outcomes (40-42). Other studies reporting mortality also observed high levels of loss to 

follow-up, but did not incorporate outcomes among those lost into mortality estimates 

(43, 44).

Interpretation

In the context of present literature, this study offers a unique cross-setting evaluation of 

mortality after starting antiretroviral therapy in Eastern Africa that accounts for outcomes 

among patients lost to follow-up. Substantial changes in estimates of mortality support 

the widespread feasibility and utility of a sampling based approach. The overall 3-year 

estimate of mortality of 12.5% suggests that the delivery of HIV treatment is not 

optimally effective. Marked variation in mortality between settings motivates further 

research to unpack and reproduce characteristics of care in most effective settings.
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Figure 1. 
Flow chart of study population.
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Figure 2. 
Mortality among a sample of patients lost to follow-up. Incidence and the hazard of 

mortality among a random sample of patients lost to follow-up and successfully sought in 

the community, stratified by program.
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Figure 3. 
Overall mortality estimates. Uncorrected and corrected estimates of mortality for all patients 

in the current clinic population (N=34,277).
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Figure 4. 
Corrected mortality estimates by setting. “Naïve” (unweighted) and corrected (sample-

weighted) three year cumulative incidences of mortality at each program.
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Figure 5. 
Sample-corrected mortality estimates. Kaplan Meier estimates of mortality among all 

patients (N=34,277) and new ART initiators during observation period (N=18,081) after 

ART initiation, stratified by program, corrected to include outcomes among patients lost to 

follow-up through sampling-based approach.
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Figure 6. 
Competing risk analysis of deaths in and out of care. Deaths in care and deaths after lapse in 

care at original clinic site among new ART initiators (N=18,081).
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