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Abstract

BACKGROUND—Estimates of retention in antiretroviral treatment (ART) programmes may be 

biased if patients who transfer to healthcare clinics are misclassified as lost to follow-up (LTFU) 

at their original clinic. In a large cohort, we estimated retention in care accounting for patient 

transfers using medical records.

METHODS—Using linked electronic medical records, we followed adults living with HIV 

(PLWH) in Cape Town, South Africa from ART initiation (2012–2016) through database closure 

at 36 months or 30 June 2016, whichever came first. Retention was defined as alive and with 

a healthcare visit in the 180 days between database closure and administrative censoring on 31 

December 2016. Participants who died or did not have a healthcare visit in > 180 days were 

censored at their last healthcare visit. We estimated the cumulative incidence of retention using 

Kaplan–Meier methods considering (i) only records from a participant’s ART initiation clinic 

(not accounting for transfers) and (ii) all records (accounting for transfers), over time and by 

gender. We estimated risk differences and bootstrapped 95% confidence intervals to quantify 

misclassification in retention estimates due to patient transfers. results We included 3406 PLWH 

initiating ART. Retention through 36 months on ART rose from 45.4% (95% CI 43.6%, 47.2%) 

to 54.3% (95% CI 52.4%, 56.1%) after accounting for patient transfers. Overall, 8.9% (95% CI 

8.1%, 9.7%) of participants were misclassified as LTFU due to patient transfers.
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CONCLUSIONS—Patient transfers can appreciably bias estimates of retention in HIV care. 

Electronic medical records can help quantify patient transfers and improve retention estimates.
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retention in care; loss to follow-up; patient transfer; attrition; HIV; validation; engagement in HIV 
care
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SDG 3 (good health and well-being); SDG 9 (industry, innovation and infrastructure); SDG 17 
(partnerships for the goals)

Introduction

Retention in HIV care is critical to reaching UNAIDS’s targets of 90% of persons living 

with HIV (PLWH) aware of their status, 90% of those who know their status initiated on 

antiretroviral therapy (ART) and 90% of those initiating ART achieving viral suppression 

[1]. Accurate estimates of retention in HIV care are essential to identify patients who have 

become lost to follow-up (LTFU) from HIV care, evaluate HIV treatment programmes 

and plan resource allocation [2,3]. However, estimating retention in ART programmes is 

complicated by patient transfers – when a patient initiates treatment at one clinic and then 

subsequently moves to a different clinic. Estimates of retention in ART programmes may be 

biased if patients who transfer clinics or die are misclassified as LTFU at their original clinic 

[4].

A recent meta-analysis from sub-Saharan Africa estimated that as many as 36% of adults 

classified as LTFU had transferred to a new clinic [5,6]. In order to obtain unbiased 

estimates of retention in HIV care to inform programme evaluation and resource allocation, 

patient transfers need to be accounted for. However, ascertaining the status in routine clinical 

care of participants who are LTFU is often not straightforward. The lack of integrated 

medical records systems in many settings and difficulty in tracing patients who do not 

return for scheduled visits means that patients classified as LTFU at a clinic are typically 

a combination of those who have disengaged from care, died, or who are receiving care 

elsewhere [5,7]. As mortality among individuals initiating ART in low- and middle-income 

countries declines, undocumented patient transfers remain an important potential source of 

misclassification when estimating retention in HIV care [8,9].

Despite the importance of accounting for patient transfers when estimating retention in HIV 

care, few studies have evaluated the impact of patient transfers in retention estimates from 

large ART treatment programmes in sub-Saharan Africa using electronic medical records 

[3]. To fill this gap, we used linked electronic medical records data to estimate retention 

in care, with and without accounting for patient transfers. Over three years of follow-up 

in a large ART treatment programme in South Africa, we estimated misclassification in 

retention due to patient transfers overall, by gender, and by time since ART initiation 

using two different definitions of retention. Our goal was to examine how misclassification 
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due to patient transfers impacted retention in care estimates from a large ART treatment 

programme in South Africa.

Methods

Data source and setting

As part of a data harmonisation effort to support HIV care, the Western Cape Department 

of Health links clinical, pharmacy, laboratory and available vital status data from all public 

clinics within the Western Cape Province via unique patient identifiers [10]. Data for the 

present analysis come from linked electronic medical record information used to identify a 

cohort of PLWH in a sub-district of Cape Town, South Africa. Electronic medical record 

information for participants in the sub-district was linked to all available public clinics in 

the Western Cape by the Western Cape Department of Health. The sub-district is one of 32 

in South Africa’s Western Cape region. The overall prevalence of HIV in the Western Cape 

region is 6.6%, although considerable variation in HIV prevalence exists [11,12]. Between 

2012 and 2015, PLWH in South Africa were eligible to initiate lifelong ART if they had 

a CD4 count < 350 cells/mm3. Starting in 2016, universal test and treat were rolled out, 

mandating access to lifelong ART for all PLWH [13].

In South Africa, an estimated 3.4 million PLWH initiated ART between 2004 and 2015 

[14]. The rapid scale-up of HIV treatment in South Africa has led to challenges in tracking 

patients’ engagement in ART treatment programmes [15]. Individuals testing positive for 

HIV and initiating ART are typically registered in a paper-based or electronic medical record 

system and expected to receive follow-up care at the clinic where they initiate ART. Once 

a patient is stable on ART, they are eligible to receive medication through decentralised 

adherence clubs that are facilitated by community health workers linked to a clinic [16]. 

When present, electronic medical record systems often differ across health facilities, making 

it infeasible to identify patient transfers in real time or close to real time for routine clinical 

care.

Study design and population

Data for the present analysis come from the cohort of all PLWH in the sub-district of the 

Western Cape region who were at least 15 years of age at their first positive HIV test in the 

study period, had a civil identification number, and a CD4 count measure at enrolment into 

the cohort between 2012 and 2013. Follow-up data for participants were available through 

the end of 2016. The primary purpose of this original cohort was to examine associations 

between gender, HIV testing, and subsequent HIV service uptake and outcomes [17]. South 

Africa has a national death registry; however, data for cohort members were not authorised 

for linkage to the national death registry.

Participants from the original cohort were included in our analysis if they initiated ART 

between 2012 and 2016 (n = 4184). To ensure all participants had sufficient person time 

available to meet outcome definitions, we excluded participants who did not initiate ART 

prior to 30 June 2016 (i.e. 6 months before the data were administratively censored; n = 

9). In order to accurately determine time out of care, we also excluded participants whose 
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ART initiation date did not match a visit encounter date (n = 499) or who had a record 

of initiating ART at more than one clinic (n = 270), for a total study population of 3406 

patients (Figure 1). Ethical approval for the use of de-identified routine data was provided by 

the University of Cape Town (Protocol numbers 320/15 and 802/2014).

Measures

We defined a patient transfer as any switch from the original healthcare facility where 

a participant initiated ART to a different facility on a different day (i.e. patient transfers 

could not occur on the same day since patients may receive services at multiple facilities 

in one day). Our data did not contain information on the reason for transfer, thus we were 

unable to distinguish between ‘official’ transfers (e.g. when the original facility was aware 

of the transfer) and ‘silent’ transfers (e.g. when the facility was not aware of the transfer). 

Covariate information available in our data was limited to gender, age at ART initiation, year 

of ART initiation and CD4 count at enrolment, defined as a CD4 count within 3 months of 

first testing positive for HIV during the study period.

Retention definitions

The primary outcome was retention in care through up to 36 months after ART initiation. 

In South Africa, patients initiating ART are typically given a 30- to 90-day supply of drugs. 

South African HIV treatment guidelines define LTFU from HIV care as 90 days after one’s 

supply of ART drugs is exhausted [18]. Thus, we defined retention as alive and having had a 

healthcare visit in the previous 180 days. Retention in HIV care can be evaluated in multiple 

ways [19]. Retention at a given cross-section in time is often most helpful when evaluating 

a treatment programme or allocating resources, while estimates of time to first attrition can 

help researchers to identify participants at high risk for LTFU. Thus, we considered retention 

from two perspectives: at database closure and time to first attrition.

In the primary analysis, participants were followed from ART initiation until database 

closure. Database closure occurred after 36 months of follow-up or at 6 months prior to 

administrative censoring on 30 June 2016, whichever date came first. Participants were 

considered retained if they were alive and had a healthcare visit in the 180 days between 

database closure and administrative censoring (i.e. either 31 December 2016 or 42 months 

of follow-up). Implicit in this definition of retention is the possibility that a participant 

could become LTFU and return to care at any point prior to database closure and still 

be considered retained. Attrition was considered the inverse of retention (1-probability of 

retention). Due to the small number of deaths observed in our cohort (n = 98, 2.9%), 

we defined attrition as having died or not having had a healthcare visit for >180 days. 

Participants who met the definition of attrition were censored at their last recorded 

healthcare visit [19].

In a secondary analysis, we evaluated retention considering time to first attrition. 

Participants were followed from ART initiation until the earliest of the following: >180 

days with no healthcare visits, death, 36 months of follow-up or administrative censoring 

on 31 December 2016. Retention was defined as alive and in care in the previous 180 days, 

and attrition was defined as the inverse of retention. Participants who met the definition of 
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attrition were censored at their last recorded healthcare visit record if they died or at 181 

days with no healthcare visits if they were LTFU.[20] Retention definitions are summarised 

in Table 1. In a sensitivity analysis, we evaluated both definitions of attrition as having died 

or >365 days with no healthcare visits.

Statistical analysis

For all analyses, we estimated the cumulative incidence of retention using Kaplan–Meier 

methods. We first estimated retention considering only records from a participant’s original 

ART initiation clinic (i.e. not accounting for patient transfers) and, next, considering 

all records (i.e. accounting for patient transfers). We estimated risk differences and 

bootstrapped 95% confidence intervals (n = 1000 non-parametric bootstraps) to quantify 

misclassification in retention estimates due to patient transfers, over time and by gender. 

Analyses were conducted using Stata 13 (StataCorp, College Station, TX) and SAS 9.4 

(SAS Institute, Cary, NC).

Results

We included 3406 PLWH who initiated ART between 1 January 2012 and 30 June 2016. 

The majority of participants were women (66%), aged 20 to 39 years old (72%), and 

initiated ART prior to the rollout of universal ART in South Africa in 2016 (99%; Table 2). 

At enrolment into the cohort, over half of participants (55%) had a CD4 count ≤ 350, which 

was the threshold for ART initiation throughout much of the study period.

Retention at database closure

Participants contributed a total of 83 580 person-months at risk over a median of 

25–30 months of follow-up, depending on whether patient transfers were considered. 

When considering retention at database closure, retention through 36 months after ART 

initiation rose from 45.4% (95% CI 43.6%, 47.2%) to 54.3.2% (95% CI 52.4%,56.1%) 

after accounting for patient transfers (Figure 2). Overall, 8.9% (95% CI 8.1%, 9.7%) of 

participants were misclassified as not retained due to patient transfers (Figure 2; Table S1).

Bias in retention estimates due to patient transfers varied by gender and time since ART 

initiation. Compared to men, women were more likely to be misclassified as not retained due 

to patient transfers. For example, through 36 months on ART 9.8% (95% CI 8.8%, 10.9%) 

of women were misclassified as not retained, compared to 7.0% (95% CI 5.7%, 8.3%) of 

men (Table S1). For both men and women, the proportion of participants misclassified due 

to clinic transfers varied by 2–3% points over the follow-up period and was highest through 

24 months after ART initiation (women: 12.0%, 95% CI 10.9%,13.0%; men: 8.1%, 95% CI 

6.7%, 9.3%).

Retention considering time to first attrition.

When evaluating time to first attrition, estimates of retention and misclassification due to 

patient transfers were lower than when estimating retention at database closure. Retention 

through 36 months after ART initiation was 32.3% (95% CI 30.7%, 34.0%) not accounting 

for patient transfers and 37.2% (95% CI 35.4%, 38.9%) after accounting for patient transfers 
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(Table S2). Overall, 4.8% (95% CI 4.3%, 5.4%) of participants were misclassified as not 

retained due to patient transfers through 36 months on ART. When evaluating time to first 

attrition, women were again more likely to be misclassified due to patient transfers than 

men. The proportion of participants misclassified due to patient transfers varied by time 

since ART initiation and peaked at approximately 12 months after ART initiation. For both 

definitions of attrition, estimates of misclassification due to patient transfers were similar 

when attrition was defined as death or> 365 days with no healthcare visits (Tables S3 and 

S4).

Discussion

In this study, we used routinely collected data from electronic medical records to estimate 

retention in care in a large ART programme in South Africa, accounting for patient transfers. 

In general, our results demonstrate that to obtain accurate estimates of retention in HIV 

care, patient transfers need to be taken into account and that traditional approaches, such 

as censoring participants when they transfer, may not be sufficient to accurately estimate 

retention in care. Not accounting for patient transfers biased estimates of retention at 

database closure by 9% and retention estimates considering time to first attrition by 5%. 

Misclassification due to patient transfers was higher among women than men.

We evaluated retention using two different definitions. Through 36 months on ART, 

estimates of retention at database closure were higher than when retention was evaluated 

using time to first attrition [3]. The higher estimated retention at database closure likely 

reflects the fact that participants could have been LTFU and returned to care at any point 

prior to database closure and still be considered retained. Conversely, when retention was 

evaluated using time to first attrition, participants were censored the first time they met the 

definition of attrition [20].

Similarly, estimates of misclassification due to patient transfers were also higher when 

retention was evaluated at database closure, compared to retention considering time to first 

attrition. When estimating time to first attrition, participants were considered misclassified 

if they did not return to their original ART clinic within 180 days but visited another health 

facility within 180 days. When estimating retention at database closure, participants were 

considered misclassified if they did not return to their original ART clinic during the six 

months between database closure and administrative censoring, but instead visited another 

health facility during that 6-month window. Thus, the higher level of misclassification due 

to patient transfers at database closure likely reflects the fact that, through up to 36 months 

after ART initiation, many participants had moved to a different health facility from where 

they initiated ART.

As access to lifelong ART has scaled-up throughout sub-Saharan Africa, people living with 

HIV are increasingly expected to maintain lifelong engagement in HIV care and treatment 

programmes. However, changes in residence, health status, migration, patient preferences 

and concerns about confidentiality and stigma may all result in frequent transfers between 

health facilities [3,21]. In this cohort, misclassification due to patient transfers was higher 

among women than men, likely due to the fact that women often are required to switch 
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clinics during pregnancy and the postpartum period. While in principle, the need to account 

for patient transfers to obtain unbiased estimates of retention in ART treatment programmes 

is clear, in practice paper-based record keeping, incompatible data systems that are not 

linked or networked, and migration can make it difficult to account for patient movement 

between health facilities. The inability to accurately estimate retention in HIV care hampers 

efforts to evaluate HIV treatment programmes and may impact access to ongoing treatment 

for people living with HIV [22,23]. From this perspective, the unique ability to use linked 

electronic medical records to quantify misclassification due to patient transfers in a large 

HIV treatment programme in the Western Cape Region of South Africa provides policy 

makers and researchers with much-needed information on how patient transfers may affect 

estimates of retention in comparable ART treatment programmes.

Several methods have been proposed to account for misclassification due to attrition when 

estimating mortality in HIV treatment programmes and could be readily applied to estimates 

of retention in care [24,25]. Such methods typically rely on tracing a subset of patients 

to ascertain vital status or retention information and use inverse probability weighting to 

correct mortality estimates [5,7,25–29]. In order to account for potential selection bias in 

which participants can be traced, information on factors associated with mortality or attrition 

and being traced is needed to construct inverse probably weights and obtain unbiased 

estimates of mortality or retention in care [25]. In practice, tracing participants is not always 

feasible. Thus, covariate information on factors associated with being both LTFU and being 

traced may be poorly measured or missing entirely in large HIV treatment programmes [25].

In our analysis, we estimated misclassification due to patient transfers using linked medical 

record information. Such an approach allowed us to measure patient transfers directly, 

without having to trace patients or gather information on factors associated with attrition 

or being traced [3,30]. However, data linkage approaches to validate retention estimates 

have limitations. In our data, we were not able to distinguish between ‘official’ transfers 

and ‘silent’ transfers. The higher levels of misclassification due to patient transfers among 

women observed in our analysis likely reflect mandated transfers from an antenatal clinic to 

an ART clinic for women after a pregnancy. Additionally, we also were not able to isolate 

healthcare visits made exclusively for HIV-related care from other regular healthcare visits, 

which may have over-estimated transfers and attrition. Finally, our data were not authorised 

by authorities for linkage to South Africa’s national death registry, and therefore, mortality 

in our data is likely underestimated. Finally, while our data covered all public healthcare 

facilities in the Western Cape province, it is possible that participants identified as LTFU 

could have transferred to healthcare facilities outside of the Province or to private clinics 

within the Western Cape, which we were unable to measure. Given these limitations, our 

estimates of misclassification due to patient transfers can be viewed as an upper limit of 

potential bias.

Conclusions

As access to lifelong ART has scaled-up throughout sub-Saharan Africa, people living 

with HIV are increasingly expected to maintain lifelong engagement in ART treatment 

programmes. Our analysis demonstrates that patient transfers among PLWH on ART are 
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common and can appreciably bias estimates of retention in care. When tracing patients 

to ascertain engagement in care status is not feasible, estimates of misclassification due 

to patient transfers from routinely collected medical record data may help to inform 

programme evaluation, resource allocation and researchers estimating retention in HIV care.
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Figure 1. 
Study Population adults living with HIV and initiating antiretroviral therapy (ART) in a 

sub-district of Cape Town, South Africa 2012–2016.
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Figure 2. 
Retention at database closure through 36 months after ART initiation, not accounting 

for patient transfers and accounting for patient transfers, (A) overall and (B) by gender. 

Retention defined as having a healthcare visit in the 180 days between database closure and 

administrative censoring.
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Table 2

Demographic and clinical characteristics of 3406 adults living with HIV and initiating ART in Cape Town, 

South Africa

Women
2248 (66.0)

Men
1158 (34.0)

Total
3406

Characteristic n (%) n (%) n (%)

CD4 count at enrolment
†

 ≤200 626 (30.7) 296 (28.6) 922 (30.0)

 >200–350 521 (25.6) 253 (24.5) 774 (25.2)

 >350–500 363 (17.8) 199 (19.2) 562 (18.3)

 >500 528 (25.9) 286 (27.7) 814 (26.5)

Age at ART initiation, years

 15–19 70 (3.1) 6 (0.5) 76 (2.2)

 20–29 962 (43.0) 214 (18.5) 1176 (34.7)

 30–39 784 (35.1) 497 (43.0) 1281 (37.7)

 40–49 272 (12.2) 302 (26.1) 574 (16.9)

 50–59 125 (5.6) 110 (9.5) 235 (6.9)

 60+ 24 (1.1) 28 (2.4) 52 (1.5)

ART initiation year

 2012 554 (24.6) 381 (32.9) 935 (27.5)

 2013 1015 (45.1) 459 (39.6) 1474 (43.2)

 2014 325 (14.5) 181 (15.6) 506 (14.9)

 2015 327 (14.6) 117 (10.1) 444 (13.0)

 2016 27 (1.2) 20 (1.7) 47 (1.4)

†
Enrolment = within 3 months of the participant’s initial HIV test during the study period. Missing data: 12 observations missing for age at ART 

initiation, 334 missing for CD4 count at enrolment
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