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ABSTRACT 

Objective: To assess mortality and clinical outcomes in children treated with antiretroviral therapy in 

four African vertical programs between 2001 and 2010. 

Methods: Cohort analysis of data from HIV-infected children (<15 years old) initiating ART in 4 sub-

Saharan HIV programs in Kenya, Uganda and Malawi, between December 2001 and December 2010. 

Rates of mortality, program attrition and first-line clinico-immunological failure were calculated by 

age group (<2, 2-4 and 5-14 years), 1 or 2 years after ART initiation and risk factors were examined. 

Results: A total of 3,949 children, 22.7% aged <2 years, 32.2% 2-4 years, 45.1% aged 5-14 years, 

were included. At ART initiation 60.8% had clinical stage 3 or 4, and 46.5% severe immune-

suppression. Overall mortality, attrition and 1-year failure rates were 5.1, 10.8 and 9.0 per 100 per-

son-years, respectively. Immunosuppression, stage 3 or 4 and underweight were associated with in-

creased rates of mortality, attrition and treatment failure. Adjusted estimates showed lower mortali-

ty hazard ratios (HR) among children aged 2-4 years (HR=0.57, 95%CI 0.42-0.77 than children aged 5-

14 years). One-year treatment failure incidence rate ratios (IRR) were similar regardless of age 

(IRR=0.91, 95%CI 0.67-1.25 for <2 years; 1.01, 95%CI 0.83-1.23 for 2-4 years, vs. 5-14 years). 
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Conclusions: Good treatment outcomes were achieved during the first decade of HIV pediatric care 

despite the late start of therapy. Encouraging early HIV infant diagnosis in and outside prevention of 

mother-to-child-transmission programs, and linkage to care services for early ART initiation, are 

needed to reduce mortality and delay treatment failure.  

 

Keywords: Antiretroviral therapy, cohort studies, HIV, mortality, pediatrics, treatment failure 

 

INTRODUCTION 

Only 32% of HIV-positive children in need of antiretroviral therapy (ART) receive it, vs. 41% of adults 

in 2014 (1). National HIV programs and health providers in resource-limited countries face important 

challenges. Access to HIV testing and care in rural and in deprived urban areas are particularly chal-

lenging and inequitable (2;3). Not enough trained staff, supervision and diagnostic tools, plus drug 

stock-outs and high costs associated with care provision, lead to delays in care access and subopti-

mal care quality. In 2013 WHO recommended that children aged <5 years initiate ART immediately 

after diagnosis of HIV infection, and since 2015, ART initiation upon diagnosis is recommended for  

children of all ages (4). Early pediatric diagnosis relies on virological testing, but its availability and in-

tegration with prevention of mother-to-child transmission (PMTCT) services and non-PMTCT child 

health services remain insufficient in many resource-limited settings. In the absence of treatment, 

53% of children die before their second birthday (5), while late start of treatment is associated with 

poor treatment outcomes. 

 Once diagnosed and on treatment, children remain particularly vulnerable due to their depend-

ence on adults to be diagnosed and to obtain adequate and regular treatment.  Continuous family 

support is often lacking due to death or sickness of caregivers. Furthermore, the need to adjust drug 

doses to the changing weight of children (6) and lack of adequate pediatric formulations may lead to 

inadequate dosing (7), and ultimately increases the risk of virological failure and acquisition of drug 

resistance (7;8).  

 To evaluate the first 10 years of experience in treating pediatric HIV infection in four HIV pro-

grams in Malawi, Uganda and Kenya, we describe the characteristics of children started on ART and 

compared age-specific patient outcomes after the first two years of ART start.  
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METHODS 

HIV programs  

In the early 2000s, Médecins Sans Frontières (MSF), in partnership with the Ministries of Health, 

started providing free medical HIV care in a non-governmental clinic of one of the urban slums of 

Nairobi (Kenya), in the regional referral hospital of Arua (Uganda), in a highly decentralized program 

in a rural district in Chiradzulu (Malawi) and in the rural district of Homa-Bay (Kenya). Free medical 

services provided include HIV counseling and testing, PMTCT care, laboratory investigations, man-

agement of opportunistic infections, ART and hospitalization. Eligibility criteria for ART initiation are 

based on WHO recommendations for scaling-up ART in low-resource settings. Children aged >18 

months are diagnosed after obtaining two positive rapid antibody test results. Younger children are 

diagnosed through pro-viral DNA polymerase chain reaction tests performed on dried blood spots. 

Most children included in this analysis had received adult stavudine-based formulations. Pediatric 

fixed-dose combination drugs were provided after WHO prequalification (July 2007). Daily 

cotrimoxazole prophylaxis was prescribed.  

 Children were clinically examined at least monthly during the first 6 months of ART use, then eve-

ry 2 to 3 months after clinical stabilization. Adherence counseling focused on parental/caregiver ed-

ucation, although initiatives to progressively involve children as they became older were gradually 

implemented. CD4 cell counts were measured before ART initiation and ever 6-12 months thereaf-

ter. No viral load monitoring was implemented but, since 2008, viral load testing was gradually in-

troduced to confirm suspicion of clinical or immunological failure. 

 

Data collection and study population 

Data were prospectively collected and entered in the FUCHIA software (Epicentre, Paris, France) at 

each visit. Information collected included mode of entry (medical referral, voluntary counseling and 

testing, other), visit dates, sex, age, weight, height, WHO clinical stage, CD4 cell count and/or per-

centage, history of and prescription of antiretroviral drugs, and history of and current WHO clinical 

staging conditions, including tuberculosis. 

 Patients who started ART between December 2001 and December 2010 in one of the study sites, 

were aged <15 years at the date of treatment initiation, had more than one follow-up visit and had 

been registered 1 year or more before December 2011, were included in the analysis.  
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Study definitions 

WHO standards for weight-for-age Z-scores were used, children underweight was defined as a 

weight-for-age score of <-2 in children of <5 years, or an age- and sex-specific body mass index (BMI) 

value equivalent to the <18.5 cut-off points for adults in 5-14 year old children (9;10). The nadir im-

munosuppression level was estimated as the lowest CD4 cell percentage (age <2) or count (age 2-14) 

(11), among measurements recorded within 3 months before and 12 months after ART initiation. 

Nadir immunosuppression was classified as severe (CD4 percent <15% or count <200 cells/µL), mod-

erate (CD4 percent of 15-24% or count of 200-350 cells/µL); or absent (CD4 percent >25% or count 

of >350 cells/µL). 

 Children with history of PMTCT drug use were those whose mothers had recorded use of PMTCT 

prophylaxis during pregnancy/labor/delivery and/or those who had recorded prescription of PMTCT 

prophylaxis after birth. 

 For each patient, first-line treatment failure was defined as the earliest clinical, immunological or 

virological failure event (12). Clinical failure was a recorded diagnosis of a recurrent or a new WHO 

clinical stage 3 or 4 condition after 6 months of first-line use. Immunological failure was defined as a 

decline in CD4 cell count or percentage to baseline value or below; a decline of ≥50% from the high-

est on-treatment measurement after 6 months of therapy, in CD4 cell count or percentage; or a CD4 

cell count below 100 cells/µL after 1 year of therapy. Virological failure was a plasma HIV viral load 

value of more than 5000 copies/mL after 6 months of ART.  

 The dates of follow-up appointments for each patient enrolled in the HIV clinics are recorded in 

the electronic health record system of the programs. For patients receiving ART, these appointments 

are generally scheduled monthly. For the purpose of the study, a child was considered lost to follow-

up (LTFU) if the last scheduled appointment was missed for ≥2 months or, when no date of next ap-

pointment was specified, if he/she did not attend the clinic for ≥6 months. Attrition was defined as a 

composite endpoint of death or LTFU. Children who attended <5% of their appointments with delay 

were considered 95% or more adherent, those with 5% to 9% of delayed appointments were consid-

ered 90% to 94% adherent, and those with 10% or more delayed appointments were considered 

<90% adherent to therapy (13;14).  

Statistical analysis  

Patient characteristics at ART initiation were described by age group (<2, 2-4 and 5-14 years) and by 

period of treatment start. For longitudinal analyses, patient follow-up was right-censored at the ear-

liest of the following dates: event (death or failure diagnosis), last clinic visit (for patients LTFU), 
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transfer outside the program, or 1 year after ART start for children aged <2 years old and 2 years af-

ter ART start for children ≥2 years old for non-FTFU patients. Rates of mortality, attrition and first 

line failure were calculated as number of events per 100 person-years of follow-up. 

 Risk factor analyses were performed using adjusted Cox proportional hazard models (mortality) 

and Poisson regression (attrition and treatment failure). Factors considered for adjustment included: 

study site, mode of entry and sex; age group, clinical stage, underweight (binary indicator), and tu-

berculosis diagnosis at ART start; year of ART initiation (2001-2004, 2005-2007 and 2008-2010), na-

dir immunosuppression level and adherence index. For the attrition analysis, temporal changes in at-

trition rates after the start of ART were studied after splitting patient follow-up into ≤3, 4-6 and 7-24 

months. Final models were adjusted for baseline characteristics associated with the outcomes in 

univariable analyses (P<0.2) and for gender and study site. Missing covariate data were included as a 

separate category. The fit of the final models was assessed with the goodness-of-fit test. 

 A sensitivity analysis was performed including only patients with complete case data. All analyses 

were performed with Stata 11 (Stata Corp, USA). 

 

RESULTS 

Patient characteristics 

The 3,949 HIV-infected children who initiated ART between December 2001 and December 2010, 

and had more than one medical visit recorded were included (Figure 1). 50% of children were fe-

males, 897 (22.7%) were aged <2 years and 1,780 (45.1%) aged ≥5 years at ART initiation (Table 1). 

The median age was 4.2 years (IQR 2.1-8.2). The number of children who started treatment doubled 

between the 2001-2004 and 2005-2007 periods. While the number of initiations slightly declined for 

children of ≥2 years after 2007, they continued to increase for the younger group (from 337 in 2005-

2007 to 504 in 2008-2010). The median age at ART initiation decreased over time, from six years 

(IQR 3.5-9.3.) in 2001-2004 to three (IQR 1.6-8.1) in 2008-2010 (Table S1). Baseline characteristics 

were generally similar across the three age groups. The primary modes of entry in the program were 

through voluntary counselling and testing services (48.0%) and medical referral (41.7%). At ART initi-

ation, 60.8% of patients were in clinical stage 3 or 4, 1,655 (46.5%) were severely immunosup-

pressed, 1,660 (44.3%) were underweight and 630 (16.0%) had been diagnosed with tuberculosis. A 

total of 3,798 (96%) had no recorded prior history of PMTCT drug use. The median time between 

program entry and ART initiation was 2.6 months [IQR 1.0-7.6] and did not differ by age. Almost all 

patients received a combination of two nucleoside reverse transcriptase inhibitor (NRTI) and one 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

non-NRTI (NNRTI) drugs (n=3861, 97.8%). Children starting ART in 2001-2004 were more likely to be 

diagnosed with tuberculosis than those starting in 2005-2010 (Table S2). At ART initiation, in 2001-

2004, 103 (17.1%) were clinical stage 1 or 2 vs. 1335 (40.8%) in 2005-2010. 

 

Mortality and program attrition by age group 

During the 5,858 person-years of follow-up, 299 (7.6%) children died and 337 (8.5%) were lost to fol-

low-up. The median time between ART initiation and death was 6.5 months (IQR 2.0-15.9) and it was 

longer for the 2-4 year group than for other age groups (8.5 months, IQR=2.0-29.1; compared to 7.0 

months, IQR=2.3-15.4 among <2 year olds, and 5.3 months IQR=1.9-12.3 in the 5-14 year group). The 

overall mortality rate was 5.1 (95%CI 4.6-5.7) per 100 person-years and 1.1 per 100 person-years 

(95%CI 0.7-1.6) in the second year of ART use. Mortality decreased over time from 14.3 per 100 per-

son-years (95%CI 12.1-16.9) during the first three months of therapy to 2.6 per 100 person-years 

(95%CI 2.1-3.2) after 6 months of ART use (Figure 2 and Table 2).  

 The overall attrition rate was 10.8 (95%CI 10.0-11.7) per 100 person-years and, as for mortality, 

attrition declined from 25.4 per 100 person-years (95%CI 22.4-28.8) during the first three months of 

therapy to 6.8 per 100 person years (95%CI 6.1-7.7) after 6 months of ART use (Table 2). 

 Crude rates of mortality were higher among the youngest children (12.1 per 100 person-years, 

95%CI 9.9-14.9, compared to 2.9 per 100 person-years, 95%CI 2.3-3.7, in the 2-4 year group and 4.8 

per 100 person-years, 95%CI 4.1-5.7, in the 5-14 year group; Table 2). Indeed, adjusted estimates 

showed lower mortality HRs for children aged 2-4 years (HR=0.57, 95%CI 0.42-0.77 compared to the 

eldest group). Similarly, higher crude attrition rates were observed in children aged <2 years than in 

older children (22.8 per 100 person-years, 95%CI 19.7-26.5, compared to 8.7 per 100 person-years, 

95%CI 7.6-10.1, in the 2-4 year group and 9.3 per 100 person-years, 95%CI 8.2-10.4, in the 5-14 year 

group). However, no significant age differences were found after adjustment for baseline covariates 

(incidence rate ratio [IRR]=1.20, 95%CI 0.97-1.48 for <2 years and IRR=0.88, 95%CI 0.72-1.06 for 2-4 

years, compared to the 5-14 year group).  

 

Risk factors for mortality and program attrition 

Presence of severe immunosuppression (HR=2.69, 95%CI 1.77-4.10), underweight (HR=2.02, 95%CI 

1.57-2.61) and advanced clinical disease (HR=1.58, 95%CI 1.11-2.24 for stage 4 compared to stages 1 

or 2) were all factors associated with increased mortality (Table 2). Children diagnosed with tubercu-
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losis had also increased mortality (HR=1.43, 95%CI 1.06-1.91). The same associations were identified 

when complete case analyses were performed. The exception was clinical stage 4, which was no 

longer significantly associated with increased mortality in the complete case analysis. Furthermore, 

estimates for the calendar year period of ART initiation were inconsistent, with higher mortality haz-

ards being observed for children who started therapy during the earliest period (2001-2004 vs. 2008-

2010) in complete case analyses. 

 Program attrition was also more common in children with severe clinical disease (IRR=1.65, 95% 

CI 1.30-2.09 for stage 4 compared to stages 1 or 2); underweight (IRR=1.65, 95%CI 1.40-1.95) and 

moderate and severe immunosuppression (IRR=1.57, 95% CI 1.17-2.10 and IRR=1.87, 95% CI 1.44-

2.44, respectively, compared to absence of immunosuppression). It was also higher during the first 3 

months of follow-up (IRR=2.49, 95% CI 2.08-2.99 for 0-3 months; and IRR=1.51, 95%CI 1.21-1.88 for 

4-6 months, compared to 7-24 months post-ART initiation). Complete case analyses identified the 

same risk factors (Table 2). 

 

Treatment failure by age group 

During the study period, children contributed 5369 person-years of follow-up to the treatment fail-

ure analysis and 484 (12.2%) children were diagnosed with ART failure. The median time between 

ART start and failure diagnosis was 10.7 months (IQR 8.1-14.6). It was 8.1 months (IQR 7.3-10.2) in 

children aged <2 years, 11.1 months (IQR 8.2-14.2) in those aged 2-4 years, and 11.4 months (IQR 

8.3-15.6) in the 5-14 year group. Rates of failure did not differ by age (IRR=0.91, 95%CI 0.67-1.25 in 

the youngest children; and IRR=1.01, 95%CI 0.83-1.23 in the middle age group, compared to the 5-14 

year group). During the 6-12 month period failure rates were lower in the younger group but differ-

ences were not statistically significant (14.9 vs. 20.1 and 18.8 per 100 person-years, respectively; 

Figure 2C). Rates decreased over time to 8.6 per 100 years (95%CI 6.9-10.9) in the 12-24 month pe-

riod for children aged 2-4 years; and to 9.8 per 100 person-years (95%CI 8.2-11.8) in 5-14 year olds. 

 

Risk factors for treatment failure 

Female patients were less frequently diagnosed with treatment failure than males (IRR=0.75, 95%CI 

0.62-0.89; Table 3). In contrast, increased proportion of failure was observed in children starting ART 

with advanced clinical disease (IRR=1.37, 95%CI 1.04-1.80 for stage 4 compared to stages 1 or 2), 

underweight (IRR=1.35, 95%CI 1.12-1.63) and severe nadir immunosuppression (IRR=1.67, 95%CI 
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1.33-2.11). Patients with lower adherence index (higher proportion of missed visits over the time of 

follow-up) were also more likely to be diagnosed with failure (IRR=1.69, 95%CI 1.27-2.24 for <80% 

compared to ≥95% adherence). Furthermore higher IRRs were also observed among children who 

started ART in the earlier calendar period (IRR=1.64, 95% CI 1.26-2.12 compared to 2008-2010). 

Analysis restricted to patients with complete case data identified the same associations, except for 

females, for whom this relationship was no longer significant. 

 

DISCUSSION 

In this study we report patient characteristics and good treatment outcomes of a large cohort of 

children infected with HIV who started therapy during the first decade of pediatric ART provision in 

four HIV programs in Kenya, Uganda and Malawi. 

 Overall, children started ART late and many with advanced clinical disease. However, the median 

age at ART start decreased by half over time (from six years in 2001-2004 to three in 2008-2010) and 

the percentages of children with advanced clinical stage and with tuberculosis gradually lowered. A 

decline in age and in prevalence of severe HIV disease at ART initiation has also been recently re-

ported among 30,000 children in four sub-Saharan countries during the period 2005-2010 (16). One 

reason for these changes is likely related to changes in the WHO recommendations for pediatric 

care, which recommended ART “as soon as signs of advanced HIV disease developed” (17;18). With 

increasing evidence of the benefit of early ART initiation in infancy (19-21), guidelines were updated 

to recommend therapy immediately after HIV diagnosis, regardless of clinical and immunological sta-

tus to younger age children (in 2010 for children between one and two years (11), in  2013 to chil-

dren below five (22), and since 2015 to all independent of age (4). Another key factor contributing to 

delayed pediatric ART initiation is the limited or lack of access to virological testing for early infant 

diagnosis in- and outside PMTCT programs (for example in malnutrition wards (23;24)).  By the end 

of 2013, the estimated percentage of HIV-exposed infants who benefited from virological testing 

within two months of birth was only 42% in Kenya, 36% in Uganda and 15% in Malawi (24).  

 Despite late start of treatment, 2-year mortality rates (5.1 per 100 person-years) were good and 

similar to estimates reported in other sub-Saharan African and South-East Asian programs (25-33). 

Lower death rates have been reported in Thailand (1.3 deaths /100 person years) (34), and higher 

estimates in rural Mozambique, where 39% lost-to-follow-up and 29 % death after 2 years on ART 

were reported among 735 children (35). Comparisons of mortality across settings are however prob-

lematic, due to disparities in undocumented deaths. In a study conducted in our program of 
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Chiradzulu, half of the children initiated on ART and LTFU had died (36), and in our study LTFU and 

death rates were of similar size, resulting in an attrition rate of 10.8 per 100 person-years. 

 In agreement with other studies (25;26;28;30;33;37;38), we found an increased risk of death and 

attrition in children with advanced HIV disease (defined by clinical stage, immune-suppression, tu-

berculosis or underweight). Irrespective of age at therapy start, failure estimates were highest within 

the first 3 months post-ART, highlighting the need for close monitoring during this critical stage. 

Some studies identified young age at ART start (younger than 6-18 months) as a risk factor for mor-

tality (30;32;37-42). In our analysis, crude mortality was four times higher amongst children of <2 

years, and about twice as high in 2-4 year olds compared to the older group. However, in adjusted 

analyses the lowest mortality was observed in the 2-4 year group. This might result from a combina-

tion of the early death of vulnerable younger undiagnosed children (43), an increasing risk associat-

ed with longer exposure to HIV in older surviving children who did not benefit from adequate PMTCT 

prophylaxis and were diagnosed late in the course of HIV infection, and the difficulties to maintain 

good treatment adherence in the eldest children, which depends on full disclosure status, ac-

ceptance of the disease and a supporting environment during the adolescent period.  

 About one of eight children (12.2%) met treatment failure criteria during follow-up and no age-

differences in rates were observed. However, rates are likely to have been underestimated, since 

failure was essentially defined by immunological and clinical criteria, which are known to be inaccu-

rate (44-47), and viral load testing was only available for a small proportion of children. Previously 

reported 2-3 year virological failure rates in pediatric populations range from 14% in Cambodia (48) 

to 38% in rural South Africa (8); and a meta-analysis of studies conducted in resource-limited set-

tings reported a pooled virological failure estimate of 30% after 1 year of ART among <18 year olds 

(49). Current efforts to roll out access to routine viral load monitoring are expected to improve time-

ly detection of pediatric ART failure (50), and to permit a more accurate evaluation of the effective-

ness of pediatric treatment programs.  

 In our analysis, treatment failure was more frequent in children with advanced HIV disease and 

during the first 6-12 months of treatment, emphasizing the importance of early ART initiation, care-

ful monitoring and adherence support during the first months of treatment. Children who started 

ART in later periods (2008-2010) had lower failure rates, which are likely related to improvements in 

clinical management and access to pediatric formulations over time.  
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 In the present study, many children were initially underweight and had a higher risk of mortality, 

lost-to-follow-up and treatment failure. Underweight and/or malnutrition are known risk factors of 

mortality in HIV-infected children (25;26;33;51;52); and systematic initial and regular monitoring of 

nutrition status at ART initiation is recommended (22).  Tuberculosis is another serious threat for 

HIV-infected children, and an important cause of death (53;54). Unfortunately, pediatric tuberculosis 

diagnosis is difficult, largely based on clinical symptoms and often presumptive. The percentage of 

children with tuberculosis at ART start in our study is therefore likely to be underestimated. Never-

theless we found clear evidence of increased mortality in children with tuberculosis. Systematic 

screening for tuberculosis and timely start of prophylaxis, treatment are also important to prevent 

pediatric deaths.   

 This study provides real-world estimates of treatment outcomes achieved during the first decade 

of pediatric ART provision under programmatic conditions in four large MSF-supported HIV pro-

grams in sub-Saharan Africa. It included nearly 4,000 children of different age groups with a bal-

anced sex distribution. Besides the limitations already discussed, it is important to note that the risk 

factor analysis could only consider patient characteristics and clinical data routinely collected for pa-

tient care and program monitoring in the HIV registry. No information was available on reason for 

LTFU or the proportion of deaths amongst children LTFU and analyses were not adjusted for charac-

teristics of health facilities. Furthermore, our data were limited to 2 years of pediatric ART follow-up. 

Analysis and reporting of longer-term outcomes, especially for infants who have benefited from 

greater access to early infant diagnosis and diagnostic tools and to treatment with pediatric ART 

formulations in recent years, are therefore needed.  

 

Conclusion 

Despite late presentation and relatively advanced age at ART start, the good pediatric outcomes ob-

served after 1-2 years of ART use demonstrate that pediatric ART provision can be feasible and ef-

fective in resource-limited settings. Our findings indicate that early ART start, before signs of clinico-

immunological deterioration appear might be beneficial for children of all age groups and that close 

monitoring during the first months of therapy is critical to improve pediatric care.  
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Table 1. Patient characteristics stratified by age group  

 

Characteristics 

 

<2 years 

 

N=897 

2-4 years 

 

N=1272 

5-14 years 

 

N=1780 

Total 

 

N=3949 At ART initiation     

Female, n (%) 

 

424 (47.3) 617 (48.5) 917 (51.5) 1958 (49.6) 

Mode of entry, n (%)     

Medical referral 349 (46.2) 474 (41.3) 646 (39.9) 1469 (41.7) 

Voluntary counseling and test-

ing 

268 (35.5) 577 (50.3) 847 (52.3) 1692 (48.0) 

Other 138 (18.3) 97 (8.4) 127 (7.8) 362 (10.3) 

Missing 142 124 160 426 

Clinical stage, n (%)     

1 254 (30.7) 264 (22.1) 243 (14.7) 761 (20.7) 

2 138 (16.7) 225 (18.8) 314 (19.0) 677 (18.4) 

3 296 (35.8) 481 (40.2) 706 (42.7) 1483 (40.3) 

4 139 (16.8) 227 (19.0) 389 (23.5) 755 (20.5) 

Missing 70 75 128 273 

Tuberculosis, n (%) 114 (12.7) 191 (15.0) 325 (18.3) 630 (16.0) 

Underweight, n (%)     

No 450 (50.2) 677 (55.3) 959 (59.1) 2086 (55.7) 

Yes 447(49.8) 548 (44.7) 665 (40.9) 1660 (44.3) 

Missing 0 47 156 203 
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Characteristics 

 

<2 years 

 

N=897 

2-4 years 

 

N=1272 

5-14 years 

 

N=1780 

Total 

 

N=3949 Nadir immunosuppression 

level, n (%) 

    

None/Mild 115 (15.6) 226 (18.8) 555 (34.3) 896 (25.2) 

Moderate 277 (37.5) 353 (29.4) 378 (23.4) 1008 (28.3) 

Severe  347 (47.0) 623 (51.8) 685 (42.3) 1655 (46.5) 

Missing 158 70 162 390 

Year of ART start, n (%)     

2001-2004 56 (6.2) 205 (16.1) 417 (23.4) 678 (17.2) 

2005-2007 337(37.6) 573 (45.1) 712 (40.0) 1622 (41.1) 

2008-2010  504(56.2) 494 (38.8) 651 (36.6) 1649 (41.8) 

ART regimen, n (%)     

3 NRTI 51 (5.7) 25 (2.0) 4 (0.2) 80 (2.0) 

2 NRTI + 1 NNRTI 844 (94.1) 1245 (97.9) 1772 (99.6) 3861 (97.8) 

LPV/r based 2 (0.2) 2 (0.2) 4 (0.2) 8 (0.2) 

Adherence index during fol-

low-up, n (%) 
    

≥95% 349 (38.9) 493 (38.8) 666 (37.4) 1508 (38.2) 

80-94% 361 (40.3) 590 (46.4) 850 (47.8) 1801 (45.6) 

<80% 187 (20.9) 189 (14.9) 264 (14.8) 640 (16.2) 

 

Note: ART, antiretroviral therapy; IQR, interquartile range; LPV/r, lopinavir boosted with ritonavir; NRTI, nucleo-

side reverse transcriptase drug; NNRTI, non-nucleoside reverse transcriptase drug 
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Table 2. Association between mortality and program attrition and selected individual-level factors 

 

Factors 
No. of 

deaths 

Mortality 

No. of 

deaths 

and 

LFU 

Attrition 

Rate/100 per-

son-years 

(95% CI) 

All patients Adjusted HR* 
Rate/100 per-

son-years 
All patients Adjusted IRR* 

Crude HR  

(95%CI) 

Adjusted HR 

(95%CI) 
 (95%CI) (95%CI) 

Crude IRR  

(95%CI) 

Adjusted IRR 

(95%CI) 
(95%CI) 

Age group, 

years 

  
P<0.001 P<0.001 P<0.001 

 
 P<0.001 P=0.02 P<0.001 

5-14 143 4.8 (4.1-5.7) 1 1 1 273 9.3 (8.2-10.4) 1 1 1 

2-4 63 2.9 (2.3-3.7) 
0.61 (0.45-

0.82) 

0.57 (0.42-

0.77) 
0.61 (0.42-0.89) 188 8.7 (7.6-10.1) 

0.94 (0.78-

1.14) 

0.88 (0.72-

1.06) 
1.05 (0.82-1.34) 

<2 93 12.1 (9.9-14.9) 
1.53 (1.18-

2.00) 

1.07 (0.80-

1.43) 
1.52 (1.07-2.17) 175 

22.8 (19.7-

26.5) 

2.46 (2.04-

2.98) 

1.20 (0.97-

1.48) 
1.95 (1.47-2.59) 

Sex   P=0.33 P<0.001 P=0.16   P=0.65 P=0.97 P=0.75 

Male 159 5.4 (4.6-6.3) 1 1 1 323 
11.0 (9.9-

12.3) 
1 1 1 

Female 140 4.8 (4.0-5.6) 
0.89 (0.71-

1.12) 

0.89 (0.71-

1.12) 
0.81 (0.61-1.09) 313 

10.7 (9.5-

11.9) 

0.96 (0.83-

1.13) 

1.00 (0.85-

1.17) 
0.97 (0.78-1.19) 

Clinical stage   P<0.001 P<0.001 P=0.09   P<0.001 P<0.001 P=0.01 

1 or 2 76 3.6 (2.8-4.4) 1 1 1 179 8.4 (7.2-9.7) 1 1 1 

3 112 5.0 (4.1-6.0) 
1.44 (1.08-

1.93) 

1.03(0.74-

1.41) 
0.95 (0.66-1.38) 245 

10.9 (9.6-

12.3) 

1.30 (1.07-

1.58) 

1.24 (1.00-

1.53) 
1.27 (0.97-1.66) 

4 86 8.0 (6.5-9.9) 
2.29 (1.68-

3.12) 

1.58 (1.11-

2.24) 
1.44 (0.94-2.20) 166 

15.5 (13.3-

18.0) 

1.85 (1.50-

2.28) 

1.65 (1.30-

2.09) 
1.60 (1.19-2.17) 
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Tuberculosis   P<0.001 P<0.001 P=0.05   P=0.06 P=0.69 P=0.58 

No  224 4.5 (4.0-5.2) 1 1 1 516 
10.5 (9.6-

11.4) 
1 1 1 

Yes 75 8.0 (6.4-10.0) 
1.78 (1.37-

2.31) 

1.43 (1.06-

1.91) 
1.47 (1.00-2.15) 120 

12.8 (10.7-

15.3) 

1.22 (1.00-

1.49) 

1.05 (0.84-

1.30) 
1.09 (0.81-1.45) 

Underweight   P<0.001 P<0.001 P<0.001   P<0.001 P<0.001 P<0.001 

No 97 3.0 (2.5-3.7) 1 1 1 249 7.72 (6.8-8.7) 1 1 1 

Yes 178 7.7 (6.6-8.9) 
2.45 (1.91-

3.14) 

2.02 (1.57-

2.61) 
1.75 (1.29-2.38) 349 

15.0 (13.5-

16.7) 

1.95 (1.65-

2.29) 

1.65 (1.40-

1.95) 
1.74 (1.40-2.17) 

Nadir immuno-

suppression 

level 

  P<0.001 P<0.001 P<0.001   P<0.001 P<0.001 P<0.001 

None 27 1.80 (1.2-2.6) 1 1 1 75 4.9 (4.0-6.3) 1 1 1 

Moderate 49 3.2 (2.4-4.3) 
1.68 (1.05-

2.68) 

1.69 (1.05-

2.73) 
1.57 (0.94-2.63) 126 8.3 (7.0-9.9) 

1.66 (1.25-

2.21) 

1.57 (1.17-

2.10) 
1.61 (1.15-2.26) 

Severe  132 5.2 (4.4-6.2) 
2.78 (1.84-

4.21) 

2.69 (1.77-

4.10) 
2.39 (1.51-3.77) 257 

10.1 (9.0-

11.5) 

2.03 (1.57-

2.63) 

1.87 (1.44-

2.44) 
1.73 (1.28-2.34) 

Year of ART 

start 
  P=0.01 P<0.001 P=0.17   P=0.07 P=0.04 P=0.12 

2008-2010 104 4.6 (3.8-5.6) 1 1 1 268 
11.9 (10.5-

13.4) 
1 1 1 

2005-2007 123 5.0 (4.2-6.0) 
1.18 (0.91-

1.54) 

1.07 (0.81-

1.43) 
1.25 (0.89-1.76) 264 

10.7 (9.5-

12.0) 

0.90 (0.76-

1.07) 

0.86 (0.71-

1.04) 
0.84 (0.67-1.07) 

2001-2004 72 6.3 (5.0-8.0) 
1.60 (1.19-

2.17) 

1.29 (0.92-

1.82) 
1.54 (0.97-2.45) 104 9.1 (7.5-11.1) 

0.77 (0.61-

0.97) 

0.72 (0.56-

0.94) 
0.70 (0.48-1.01) 

Adherence in-

dex  
  P<0.001 P<0.001 P<0.001   P<0.001 P<0.001 P<0.001 
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≥95% 173 8.3 (7.1-9.6) 1 1 1 306 
14.7 (13.12-

16.4) 
1 1 1 

80-94% 49 1.6 (1.2-2.1) 
0.21 (0.15-

0.28) 

0.22 (0.16-

0.30) 
0.25 (0.17-0.38) 118 3.9 (3.27-4.7) 

0.27 (0.22-

0.33) 

0.29 (0.23-

0.36) 
0.32 (0.24-0.43) 

<80% 77 10.1 (8.0-12.6) 
1.08 (0.83-

1.42) 

1.11 (0.82-

1.51) 
1.53 (1.04-2.26) 212 

27.7 (24.2-

31.7) 

1.89 (1.58-

2.25) 

1.60 (1.31-

1.96) 
1.68 (1.27-2.22) 

Period of follow-

up 
       P<0.001 P<0.001 P<0.001 

7-24 months  104 2.6 (2.1-3.2)    274 6.8 (6.1-7.7) 1 1 1 

4-6 months 59 6.6 (5.1-8.5)    120 
13.3 (11.2-

16.0) 

1.95 (1.58-

2.42) 

1.51 (1.21-

1.88) 
1.30 (0.96-1.75) 

≤3 months 136 
14.3 (12.1-

16.9) 
   242 

25.4 (22.4-

28.8) 

3.72 (3.13-

4.42) 

2.49 (2.08-

2.99) 
2.45 (1.93-3.10) 

 

Note: ART, antiretroviral therapy; CI, confidence interval; HR, hazard ratio; IRR, incidence rate ratio; LTFU, lost to follow-up; SHR, sub-hazard rate ratios from adjusted com-

peting risk analysis 

* Hazard rate ratios and Incidence rate ratios restricted to patients with complete information on baseline clinical stage, weight and CD4 cell counts. 
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Table 3. Association between first line ART failure and individual-level fac-

tors 

 

Characteristics 

No. of 

patients 

with 

treatment 

failure 

Rate/100 person-

years (95% CI) 

All patients 
 

Complete case 

Crude IRR  

(95%CI) 

Adjusted IRR 

(95%CI) 

 

Adjusted IRR 

(95%CI) 

Age group, years   P=0.17 P=0.81 
 

P=0.51 

5-14 252 9.3 (8.3-10.6) 1 1 
 

1 

2-4 181 9.2 (8.0-10.7) 0.99 (0.82-1.20) 1.01 (0.83-1.23) 
 

1.12 (0.90-1.39) 

<2 51 7.1 (5.4-9.4) 0.76 (0.56-1.03) 0.91 (0.67-1.25) 
 

1.15 (0.83-1.59) 

Sex   P=0.001 P=0.001 
 

P=0.05 

Male 275 10.4 (9.2-11.7) 1 1 
 

1 

Female 209 7.7 (6.7-8.8) 0.74 (0.62-0.89) 0.75 (0.62-0.89) 
 

0.82 (0.68-1.00) 

Clinical stage   P<0.001 P=0.03 
 

P=0.05 

1 or 2 135 6.7 (5.7-8.0) 1 1 
 

1 

3 211 10.3 (9.0-11.8) 1.53 (1.24-1.90) 1.26 (1.00-1.59) 
 

1.32 (1.03-1.70) 

4 121 12.9 (10.8-15.4) 1.91 (1.50-2.44) 1.37 (1.04-1.80) 
 

1.38 (1.03-1.85) 

Missing 17 4.5 (2.8-7.2) 0.67 (0.40-1.11) 0.78 (0.46-1.31) 
 

- 

Tuberculosis   P<0.001 P=0.79 
 

P=0.64 

No  375 8.3 (7.5-9.1) 1 1 
 

1 

Yes 109 13.0 (10.8-15.7) 1.58 (1.27-1.95) 1.03 (0.81-1.31) 
 

0.94 (0.72-1.22) 

Underweight   P=0.05 P=0.004 
 

P=0.001 

No 235 7.8 (6.8-8.9) 1 1 
 

1 

Yes 221 10.5 (9.2-12.0) 1.35 (1.12-1.62) 1.35 (1.12-1.63) 
 

1.39 (1.14-1.70) 

Missing 28 10.2 (7.0-14.8) 1.30 (0.88-1.93) 1.45 (0.97-2.18) 
 

- 

Nadir immuno-

suppression 
  P<0.001 P<0.001 

 

P<0.001 

None 113 8.1 (6.7-9.8) 1 1 
 

1 

Moderate 82 5.7 (4.6-7.1) 0.70 (0.53-0.93) 0.91 (0.68-1.22) 
 

0.99 (0.72-1.35) 

Severe 273 11.9 (10.6-13.4) 1.47 (1.18-1.83) 1.67 (1.33-2.11) 
 

1.70 (1.33-2.19) 

Missing 16 6.3 (3.9-10.3) 0.77 (0.46-1.31) 0.78 (0.46-1.34) 
 

- 
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Characteristics 

No. of 

patients 

with 

treatment 

failure 

Rate/100 person-

years (95% CI) 

All patients 
 

Complete case 

Crude IRR  

(95%CI) 

Adjusted IRR 

(95%CI) 

 

Adjusted IRR 

(95%CI) 

Year of ART start   P<0.001 P<0.001 
 

P=0.02 

2008-2010 141 6.6 (5.6-7.8) 1 1 
 

1 

2005-2007 215 9.6 (8.4-11.0) 1.45 (1.17-1.79) 1.16 (0.92-1.45) 
 

1.13 (0.88-1.44) 

2001-2004 128 12.7 (10.7-15.1) 1.91 (1.50-2.43) 1.64 (1.26-2.12) 
 

1.51 (1.13-2.03) 

Adherence Index   P<0.001 P<0.001 
 

P=0.002 

≥95% 125 6.5 (5.4-7.7) 1 1 
 

1 

80-94% 257 9.2 (8.1-10.4) 1.42 (1.14-1.75) 1.10 (0.88-1.37) 
 

1.15 (0.89-1.47) 

<80% 102 15.6 (12.8-18.9) 2.40 (1.85-3.12) 1.69 (1.27-2.24) 
 

1.71 (1.26-2.34) 

 

 

 

 

 

Note: ART, antiretroviral therapy; CI, confidence interval; IRR, incidence rate ratio; LTFU, lost to follow-up 
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