
559Bulletin of the World Health Organization | July 2008, 86 (7)

Early loss of HIV-infected patients on potent antiretroviral 
therapy programmes in lower-income countries
Martin WG Brinkhof,a François Dabis,b Landon Myer,c David R Bangsberg,d Andrew Boulle,c Denis Nash,e  
Mauro Schechter,f Christian Laurent,g Olivia Keiser,a Margaret May,h Eduardo Sprinz,i Matthias Egger a  
& Xavier Anglaret b for the ART-LINC of IeDEA collaboration

Objective To analyse the early loss of patients to antiretroviral therapy (ART) programmes in resource-limited settings.
Methods Using data on 5491 adult patients starting ART (median age 35 years, 46% female) in 15 treatment programmes in 
Africa, Asia and South America with G 12 months of follow-up, we investigated risk factors for no follow-up after treatment initiation,  
and loss to follow-up or death in the �rst 6 months.
Findings Overall, 211 patients (3.8%) had no follow-up, 880 (16.0%) were lost to follow-up and 141 (2.6%) were known to have 
died in the �rst 6 months. The probability of no follow-up was higher in 2003�2004 than in 2000 or earlier (odds ratio, OR: 5.06; 
95% con�dence interval, CI: 1.28�20.0), as was loss to follow-up (hazard ratio, HR: 7.62; 95% CI: 4.55�12.8) but not recorded  
death (HR: 1.02; 95% CI: 0.44�2.36). Compared with a baseline CD4-cell count G 50 cells/µl, a count 7 25 cells/µl was associated 
with a higher probability of no follow-up (OR: 2.49; 95% CI: 1.43�4.33), loss to follow-up (HR: 1.48; 95% CI: 1.23�1.77) and death 
(HR: 3.34; 95% CI: 2.10�5.30). Compared to free treatment, fee-for-service programmes were associated with a higher probability of 
no follow-up (OR: 3.71; 95% CI: 0.97�16.05) and higher mortality (HR: 4.64; 95% CI: 1.11�19.41).
Conclusion Early patient losses were increasingly common when programmes were scaled up and were associated with a fee for 
service and advanced immunode�ciency at baseline. Measures to maximize ART programme retention are required in resource-poor 
countries.
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Introduction
�e increasingly widespread use of 
potent combination antiretroviral ther-
apy (ART) since 1996 has substantially 
improved the prognosis of patients 
infected with HIV in industrialized 
countries.1�3 In resource-constrained set-
tings in Africa, Asia and South America, 
where 90% of people with HIV/AIDS 
live, access to ART has improved sub-
stantially: according to WHO estimates, 
two million people with HIV/AIDS 
were receiving treatment in low- and 
middle-income countries in December 
2006, which represents 28% of the 
estimated 7.1 million people in urgent 
need of treatment.4

�e administration of ART to in-
dividual patients and the monitoring 
and evaluation of HIV/AIDS treat-
ment programmes critically depend on 
regular and complete patient follow-
up. Individual treatment decisions can 
then be made in the light of clinical 
and laboratory results, and treatment 
response, complication and mortality 
rates can be accurately estimated at the 
programme level.

Using data from a network of 
treatment programmes in Africa, Asia 
and South America, we examined the 
early loss of patients starting ART pro-
grammes in low-income countries; this 
included no follow-up after the initial 

visit, and loss to follow-up and death in 
the �rst 6 months.

Methods
Study population
�e Antiretroviral �erapy in Lower-
Income Countries (ART-LINC) col-
laboration5 of the International epide-
miological Databases to Evaluate AIDS  
(IeDEA)6 is a network of HIV/AIDS 
treatment programmes in Africa, Asia 
and South America that has been de-
scribed elsewhere.7,8 Of the 23 treat-
ment programmes in low- and middle-
income countries approached, 19 
agreed to participate and 15 contributed 
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data to the present analysis. All eligible 
programmes systematically collected 
prospective data on adolescents and 
adults aged 16 years or older starting 
ART, and institutional review boards 
or ethics committees approved data 
collection.

Information obtained on patients 
included age, sex, date of starting ART, 
type of treatment initiated, date of 
last contact with the programme, date 
of death and, when available, CD4-
cell count, WHO HIV clinical stage, 
total lymphocyte count, haemoglobin 
level and HIV-1 ribonucleic acid (RNA) 
plasma level at baseline and during 
follow-up. �e most common ART regi-
mens were: stavudine, lamivudine and 
nevirapine; zidovudine, lamivudine  
and efavirenz; zidovudine, lamivudine 
and nevirapine; and stavudine, lami-
vudine and efavirenz. �ese four com-
binations accounted for 66% of all  
regimens used.7,8 �e type of ART regi-
men was classi�ed as either protease in-
hibitor (PI)-based [i.e. two nucleoside 
reverse transcriptase inhibitors (NRTIs) 
plus one PI, including ritonavir-boosted 
PI], non-nucleoside reverse tran-
scriptase inhibitor (NNRTI)-based 
(i.e. two NRTIs plus one NNRTI), or 
another combination, which included 
triple NRTI regimens and any other 
regimen containing a minimum of 
three drugs. �e characteristics of the 
treatment programmes were also re-
corded, including procedures in place 
for tracing patients lost to follow-up.  
We included all patients who had not 
previously received antiretrovirals, ex-
cept for the prevention of mother-to-
child HIV transmission, who were aged  
16 years or older and whose date of 
starting ART was documented.

Outcomes
We considered three endpoints that 
characterized the loss of patients to 
a programme: no follow-up, loss to 
follow-up and death in the �rst 6 
months after starting ART. No follow-
up was when a patient did not return to 
the clinic after the ART initiation visit, 
although the database remained open 
for an additional 12 months or more. 
A patient was considered lost to follow-
up if the last follow-up visit occurred 
during the �rst 6 months after starting 
ART and the database remained open 
for an additional 6 months or more. 
�e 6-month interval was chosen to  
accommodate the longest interval 

between visits in participating pro-
grammes. �e database closing date 
was de�ned as the date of the most 
recent follow-up visit in a given patient 
cohort.

Statistical analysis
Logistic regression with a random e�ect 
for the cohorts was used to examine 
factors associated with no follow-up. 
We used competing risk models 9 to 
analyse the time to loss to follow-up  
and the time to death, as measured 
from the start of ART (i.e. baseline). 
Competing risk analysis assumes that 
each individual is exposed to two risks, 
namely loss to follow-up and death, 
and accounts for the fact that these 
risks may not be independent. �e 
competing risk data set was prepared 
by stacking the data and generating 
separate strata for death and loss to 
follow-up, with each patient appearing 
in both strata. �e e�ect of prognostic 
factors on outcome was analysed using 
a Weibull proportional hazard model, 
controlling for cohort and stratifying 
by event, thus allowing the baseline 
hazard to di�er between competing 
risks. Robust variance adjustment was  
used to allow for the fact that each 
individual contributed two data points. 
P-values for the contribution of prog-
nostic factors to the explained variance 
were derived using a Wald test. �e  
e�ect of programme factors was evalu-
ated by controlling for individual pa-
tient factors.

For some patients, data on CD4-
cell count or clinical stage at base-
line were missing. We, therefore, cre-
ated dummy variables that indicated  
whether or not CD4 cells and clinical 
stage had been assessed. In sensitivity 
analyses, we used multiple imputations 
of CD4-cell counts and clinical stage, 
as described previously.8 �e following 
variables were considered for inclusion 
in logistic and competing risk models: 
sex, age, CD4-cell count (7 25 cells/
µl, 25�50 cells/µl, 9 50 cells/µl, and 
not measured), clinical stage, initial 
ART regimen, and calendar period of 
ART initiation (< 2001, 2001�2002 
and 2003�2004). �e choice of CD4 
categories re�ects the fact that there 
was little variation in the rate of loss 
to follow-up for di�erent cell-count 
subdivisions above 50 cells/µl. �e 
clinical disease stage was categorized as 
less advanced [i.e. United States Centers 
for Disease Control (CDC) stage A/B, 

WHO stage I/II], more advanced (i.e. 
CDC stage C, WHO stage III/IV) and 
not assessed. Two programme variables, 
namely free access to treatment with no 
cost to patients and type of follow-up 
(i.e. active tracing versus passive follow-
up), were also included in the models. 
All analyses were carried out using Stata 
version 9.2 (Stata Corp. LP, College 
Station, TX, United States of America). 
�e results are presented as odds ratios 
(ORs) or hazard ratios (HRs) with a 
95% con�dence interval (CI).

Results
�e IeDEA ART-LINC database in-
cluded a total of 7651 patients who 
started ART in 15 treatment pro-
grammes in Africa, Asia and South 
America. Of these, 5491 were eligible 
for the present analysis. �e character-
istics of programmes contributing data 
are shown in Table 1. �e number of 
patients on ART increased rapidly be-
tween 2001 and 2005, particularly in  
some African programmes and at the 
site in India. Eleven sites actively fol-
lowed patients using telephone calls 
(often to mobile phones), letters or 
home visits and 11 provided free access 
to treatment. �e number of patients 
included in the analysis ranged from 36 
in �ailand to 1219 in Malawi and the 
median baseline CD4-cell count ranged 
from 45 cells/µl in the township of 
Khayelitsha to 241 cells/µl in the Cape 
Town AIDS Cohort (CTAC), both in 
South Africa. Patient characteristics at 
baseline are summarized in Table 2. 
�e patients� median age was 35 years, 
2519 (46%) were women and the me-
dian CD4-cell count was 105 cells/µl in 
the 4087 patients for whom data were 
available. Most patients (1727 or 69%)  
were at an advanced clinical disease 
stage when starting ART. A total of 
2498 patients (45%) were treated in 
programmes with active follow-up and 
3298 (60%) had free access to ART.

Overall 211 patients (3.8%) were 
not seen after the ART initiation visit, 
880 (16.0%) were lost to follow-up 
later on and 141 (2.6%) were known to 
have died in the �rst 6 months. �ere 
was considerable variation across treat-
ment sites (Table 1). Sites with larger 
numbers of patients were less likely to 
actively trace patients who did not 
return to the clinic, and these sites also 
had higher percentages of patients lost 
to follow-up (Fig. 1).




