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Abstract

There is little evidence comparing treatment outcomes between adolescents and other age groups, particularly in
resource-limited settings. A retrospective analysis of data from seven HIV clinics across urban Gauteng (n = 5)
and rural Mpumalanga (n = 2), South Africa was conducted. The analysis compared HIV-positive antiretroviral
treatment (ART)-naive young adolescents (10–14 years), older adolescents (15–19), and young adults (20–24
years) to adults ( ‡ 25 years) initiated onto standard first-line ART between April 2004 and August 2010. Log-
binomial regression was used to estimate relative risk (RR) of failure to suppress viral load ( ‡ 400 copies/ml) or
failure to achieve an adequate CD4 response at 6 or 12 months. The effect of age group on virological failure,
mortality, and loss to follow-up (LTFU; ‡ 90 days since scheduled visit date) was estimated using Cox pro-
portional hazards models. Of 42,427 patients initiating ART, 310 (0.7%) were young adolescents, 342 (0.8%) were
older adolescents, and 1599 (3.8%) were young adults. Adolescents were similar to adults in terms of proportion
male, baseline CD4 count, hemoglobin, and TB. Compared to adults, both older adolescents (6 months RR 1.75
95% CI 1.25–2.47) and young adults (6 months RR 1.33 95% CI 1.10–1.60 and 12 months RR 1.64 95% CI 1.23–
2.19) were more likely to have an unsuppressed viral load and were more likely to fail virologically (HR 2.90 95%
CI 1.74–4.86; HR 2.94 95% CI 1.63–5.31). Among those that died or were LTFU, the median time from ART
initiation until death or LTFU was 4.7 months (IQR 1.5–13.2) and 10.9 months (IQR 5.0–22.7), respectively. There
was no difference in risk of mortality by age category, compared to adults. Young adolescents were less likely to
be LTFU at any time period after ART initiation (HR 0.43 95% CI 0.26–0.69) whereas older adolescents and
young adults were more likely to be LTFU after ART initiation (HR 1.78 95% CI 1.34–2.36; HR 1.63 95% CI 1.41–
1.89) compared to adults. HIV-infected adolescents and young adults between 15 and 24 years have poorer ART
treatment outcomes in terms of virological response, LTFU, and virological failure than adults receiving ART.
Interventions are needed to help improve outcomes and retention in care in this unique population.

Introduction

According to the World Health Organization (WHO),
the number of adolescents on ART continues to in-

crease.1 This reflects major improvements in access to anti-
retroviral therapy (ART) and successful treatment of
perinatally infected children but also newly acquired HIV
infections through high-risk behavior during early adoles-
cence. A growing number of adolescents are entering care in

adult-oriented HIV clinics, but there are few criteria in place to
assist them or to guide clinic staff in how best to treat ado-
lescents and young adults within these settings. The adult-
oriented HIV care model may not meet the specific needs of
adolescents and young adults as they face unique challenges
in the management of HIV.2

Studies from the United States have suggested that HIV-
positive adolescents and young adults in adult-oriented HIV
clinics are less likely to start treatment, achieve viral suppression,
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and stay on treatment compared to HIV-infected adults.2,3 Two
recent studies from southern Africa reported that adolescents
have worse outcomes in terms of virological suppression, rates
of virological failure, and adherence but similar rates of mor-
tality and loss to follow-up compared to their adult counter-
parts.4,5 There have been limited studies assessing the clinical
outcomes of HIV-infected adolescents and young adults re-
ceiving care in HIV clinics, particularly in resource-limited set-
tings where the burden of HIV is the greatest.4–6

The majority of the previous studies on adolescents have
been carried out in the United States and it is possible that
these findings cannot be extrapolated to the African setting.
Historically, evaluation of HIV/AIDS treatment programs in
resource-limited settings has focused on adults and/or chil-
dren and adolescents have been overlooked. In addition,
other studies have not compared adolescent data directly with
adult data. As HIV-positive children mature, it is important
that appropriate services are available to counsel them on
sexual safety, adherence to ART, and reproductive choices.6

The aim of the current study was to compare outcomes
[mortality, loss to follow-up, failure to achieve an adequate
CD4 response, failure to suppress viral load ( ‡ 400 copies/
ml), virological failure, and time to first ART switch] between
HIV-infected adolescents and adults attending clinics across
urban Gauteng and rural Mpumalanga, South Africa (Sup-
plementary Table S1; Supplementary Data are available on-
line at www.liebertpub.com/aid).

Materials and Methods

Study site and subjects

We analyzed prospectively collected data from multiple
public-sector HIV Comprehensive Care Management and
Treatment (CCMT) sites across Gauteng and Mpumalanga,
South Africa. HIV-positive patients are eligible for ART ini-
tiation and are initiated onto standard public-sector first-line
regimens according to the South African National Depart-
ment of Health (DoH) ART treatment guidelines.7–9

Age categories were defined according to the WHO: young
(early) adolescents from 10 to 14 years and older (middle and
late) adolescents from 15 to 19 years.10 We defined young adults
as 20–24 years and adults as 25 years and older. Individuals
were categorized based on their age at ART initiation and were
not switched between age categories during follow-up.

Eligible patients included HIV-positive patients initiated
on ART at one of the five sites in Gauteng or one of the two
sites in Mpumalanga. They were ART naive, 10 years of age
and older, and initiated onto a standard first-line regimen of
stavudine (d4T), zidovudine (AZT), or tenofovir (TDF) with
lamivudine (3TC) or emtricitabine (FTC) and either efavirenz
(EFV) or nevirapine (NVP) between April 2004 and August
2010. Young children or adolescents may be initiated on d4T
or AZT with 3TC and either lopinavir/ritonavir (LPV/r) or
EFV. Other first-line regimens may include 3TC with abacavir
(ABC) and either EFV or NVP. The method of acquisition in
this study population is mixed since we could not accurately
determine whether the adolescents and young adults were
infected via perinatal transmission or via high-risk behaviors.

Longitudinal clinical and demographic data are collected
and stored on the electronic patient management system,
TherapyEdge-HIV (Associated Biological Systems, South
Africa). Use of data was approved by the Human Research

Ethics Committee of the University of the Witwatersrand
(HREC-Medical M060626/ M110140).

Outcomes

Immunological and virological responses. We assessed
failure to achieve an adequate CD4 count response (defined as
failure to increase CD4 count by ‡ 50 cells/mm3 at 6 months or
by ‡ 100 cells/mm3 at 12 months after ART initiation).11–14 Fur-
thermore, the change in CD4 count during the course of therapy
was calculated by subtracting the CD4 count at 6 or 12 months
from the baseline CD4 count and presenting the absolute change
[median and interquartile (IQR) range] at each time point.15

Virological failure (late failure) was defined as two or more
consecutive HIV-RNA viral loads ‡ 400 copies/ml following
suppression below this level ( < 400 copies/ml).16–18 Never
achieving an RNA PCR viral load ( < 400 copies/ml) or a de-
tectable HIV viral load ( ‡ 400 copies/ml) at 6 or 12 months
after ART initiation was defined as failure to achieve viro-
logical suppression.19

Mortality and loss to follow-up. All-cause mortality was
established from patient records. Data from Themba Lethu
Clinic (TLC), Johannesburg were verified against the South
African National Vital Registration System using patient
national identity document numbers.12,20,21 Loss to follow-up
(LTFU) was defined as having missed a clinic appointment
(clinical assessment, antiretroviral drug pickup or counselor
visit) by ‡ 3 months after the scheduled visit date.14 LTFU and
mortality were assessed at three points: (1) ever—any time
during follow-up, (2) during the first 12 months after ART ini-
tiation, or (3) after the first 12 months. For death or LTFU, person-
time accrued from ART initiation until the earliest of death,
LTFU, completed 12 months of follow-up (where applicable), or
close of the dataset on July 31, 2011. Patients who transferred to
another facility were censored at their last clinic visit. Time on
ART (in months) was calculated from ART initiation until the
earliest of LTFU, death, transfer out, or close of dataset.

First ART switch. Time to ART switch was defined as any
change from the initiating ART regimen including single drug
substitutions or change to a second-line regimen.

Statistical analysis

Patient characteristics at initiation of ART were stratified
into the following groups: (1) young adolescents (10–14
years), (2) older adolescents (15–19 years), (3) young adults
(20–24 years), and (4) adults ( ‡ 25 years). Groups were de-
scribed and compared using Student’s t test or Kruskal–Wallis
for continuous variables and Chi-square (v2) test for propor-
tions ( p value < 0.05 was considered significant).

We used log-binomial regression models to estimate the
relative risk (RR) and 95% confidence interval (CI) of age cat-
egory on failure to achieve virological suppression or adequate
CD4 count response at 6 or 12 months after ART initiation.
Models were adjusted for gender, CD4 count, hemoglobin,
body mass index (BMI), TB, site, year of initiation, and WHO
stage at ART initiation. For the median change in CD4 count, p
values were obtained by comparing each age category to adults
and calculated using Kruskal–Wallis for continuous variables.

Kaplan–Meier curves and the log-rank test were used to
describe and compare time-to-event distributions for ART
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outcomes (mortality, LTFU, virological failure, and ART
switching) between the groups. We estimated crude and ad-
justed hazard ratios (HR) of the ART outcomes between
the groups using Cox proportional hazard models. Propor-
tional hazard assumptions were checked by including time-
dependent covariates in the Cox model using interactions
with log (time) and by using tests and graphs based on the
Schoenfeld residuals. Analyses were performed using the SAS
9.1 statistical software package (SAS Institute, Inc., Cary, NC)
and STATA 10.1 (StataCorp, Collage Station, TX).

Results

Baseline characteristics

Of a total of 75,900 HIV-positive individuals initiated on
ART at multiple sites across Gauteng and Mpumalanga, we
excluded those who initiated ART outside the study period
April 2004–August 2010 (n = 12,117), were ART experienced
at presentation to the clinic (n = 12,782), were less than 10
years of age (n = 970), were not initiated onto a standard first-
line regimen according to the South African Department of
Health treatment guidelines (n = 1,133), or who were initiated
outside of the five HIV clinics in Gauteng or the two HIV
clinics in Mpumalanga (n = 6,471). The remaining 42,427 in-
dividuals were included in the analysis.

Of the 42,427 individuals included in the analysis, a total of
94.7% (40,176) were adults, 3.8% (1,599) young adults, 0.8%
(342) older adolescents, and 0.7% (310) young adolescents
(Table 1). The proportion attending HIV clinics in Gauteng
ranged from 67% (1,074/1,599) for young adults, 64% (218/
342) for older adolescents, and 52% (161/310) for young ado-
lescents, compared to 33% (525/1,599), 36% (124/342), and 48%
(149/310) from the Mpumalanga clinics, respectively. Im-
munodeficiency was advanced in all age groups, as reflected by
baseline CD4 counts and WHO stage III/IV classification. As
expected, the majority of young adolescents (167/185; 90.3%)
had a BMI < 18.5 kg/m2; however, since BMI is not commonly
used in the pediatric population, weight-for-age (WAZ) was
used instead.22 The WAZ score showed that 58.6% (102/174) of
young adolescents and 31.0% (78/252) of older adolescents
were undernourished, defined as a WAZ score < –2.23 This was
similar to 34.2% (88/257) of older adolescents, 23.3% (274/
1,178) of young adults, or 18.6% (5,536/29,812) of adults with a
BMI < 18.5 kg/m2. The majority of patients were initiated on an
efavirenz-based regimen. The prevalence of pregnancy was
lower in adult women compared to older adolescent and young
adult women (8.1% vs. 21.6% and 22.9%; p < 0.0001). The me-
dian time on treatment ranged from 15.6 months (IQR 7.3–29.4)
for older adolescents to 23.9 months (IQR 12.3–36.7) for young
adolescents.

Immunological and virological responses

Adjusted log-binomial regression models showed that
young adolescents were less likely to fail immunologically
(RR 0.48 95% CI 0.33–0.69); in other words, compared to
adults, they were more likely to increase their CD4 count by
‡ 50 cells/mm3 by 6 months on treatment (Table 2). Com-
pared to adults, young adults were more likely to have a
detectable viral load at 6 (RR 1.33 95% CI 1.10–1.60) and 12
months (RR 1.64 95% CI 1.23–2.19). Older adolescents were
more likely to have an unsuppressed viral load at 6 months

(RR 1.75 95% CI 1.25–2.47), while young adolescents were
more likely to have an unsuppressed viral load at 12 months
(RR 2.30 95% CI 1.38–3.82). Compared to adults, all the age
categories showed an increase in the median change in CD4
count from baseline to both 6 and 12 months.

Young adolescents had the highest rate of virological failure
[6.3/100 person years (pys)] compared to older adolescents
(3.8/100 pys), young adults (2.6/100 pys), and adults (2.1/100
pys). Cox proportional hazard models showed that young
adolescents (HR 2.94 95% CI 1.63–5.31), older adolescents (HR
2.90 95% CI 1.74–4.86), and young adults (HR 1.53 95% CI 1.13–
2.08) were all at increased risk of virological failure compared
to adults. Crude Kaplan–Meier curves and log-rank test
( p < 0.001) confirmed this finding. In adjusted models, those
with a lower CD4 count ( £ 50 vs. > 200 cells/mm3; HR 1.40
95% CI 1.11–1.77 or 50–100 vs. > 200 cells/mm3; HR 1.31 95%
CI 1.03–1.68) were at increased risk of virological failure.

Mortality and loss to follow-up

By 12 months on ART, 31,182 (73.4%) patients were still
alive and in care, 4,713 (11.1%) were LTFU, 2,591 (6.2%)
transferred to another facility, and a further 3,941 (9.3%) had
died. Among those who died or were LTFU, the median time
from ART initiation until death or LTFU was 4.7 months (IQR
1.5–13.2) and 10.9 months (IQR 5.0–22.7), respectively.

Rates of mortality (at any time during follow-up) were
highest among adults (6.1/100 pys) followed by young adults
(5.4/100 pys), older adolescents (4.4/100 pys), and then
young adolescents (4.1/100 pys). Crude Kaplan–Meier
curves, log-rank test ( p = 0.07), and multivariate Cox pro-
portional hazard models showed that there was no difference
in mortality by age category (Table 3).

Older adolescents had the highest rate of LTFU (at any time
during follow-up) (23.3/100 pys) followed by young adults
(17.6/100 pys) and then adults (9.8/100 pys) while young
adolescents had the lowest rate of LTFU (6.1/100 pys). Crude
Kaplan–Meier curves showed that older adolescents had the
highest risk of LTFU when compared to the other age groups
(log-rank test p < 0.001; Fig. 1). Compared to adults, young
adolescents were less likely to be LTFU (HR 0.43 95% CI 0.26–
0.69) while young adults (HR 1.63 95% CI 1.41–1.89) and older
adolescents (HR 1.78 95% CI 1.34–2.36) were more likely to be
LTFU (Table 3).

First ART switch

Multivariate Cox proportional hazard models showed that
there was no difference in time to first ART switch by age
category. In young adolescents, the most common reason for
change from initiating an ART regimen was abnormal fat
redistribution (lipodystrophy/lipoatrophy) (4.6%), while
pregnancy was the most common reason among the older
adolescents (11.7%) and young adults (21.1%). Abnormal fat
redistribution (8.9%) and lactic acidosis/hyperlactatemia
(7.0%) were common reasons for change from initiating an
ART regimen among the adult group (Table 1).

Discussion

We aimed to compare ART treatment outcomes between
HIV-infected adolescents and adults attending public-sector
HIV clinics across Gauteng and Mpumalanga, South Africa.
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First, we demonstrate no difference in mortality or time to first
ART switch by age category. Second, compared to adults, young
adolescents are more likely to achieve a favorable immunolog-
ical response at 6 months after ART initiation but are more likely
to have a detectable viral load at 12 months or fail virologically.

Third, compared to adults, older adolescents and young adults
are more likely to have a detectable viral load at 6 months after
ART initiation, to be LTFU, and to fail virologically. Results
support other reports that recommend that adolescents be
evaluated separately from the adult population.5

Table 1. Demographic and Clinical Characteristics of 42,427 HIV-Positive Patients Initiating

Antiretroviral Therapy in Gauteng or Mpumalanga, South Africa Stratified by Age Category

Young adolescents Older adolescents Young adults Adults
10–14 years 15–19 years 20–24 years ‡ 25 years

N = 310 N = 342 N = 1599 N = 40176

Baseline characteristics
Gender, male, n (%) 158 (51.0%) 60 (17.5%) 205 (12.8%) 14,799 (36.8%)
Unemployed, n (%) N/A 216 (63.2%) 1,194 (74.7%) 22,983 (57.2%)
Education (primary or

secondary), n (%)
163/305 (53.4%) 205/335 (61.1%) 885/1,553 (60.4%) 19,807/39,237 (50.5%)

Ethnic group—African, n (%) 306 (98.7%) 333 (97.4%) 1560 (97.6%) 38,937 (97.0%)
CD4, median (IQR) 109 (24–195) 133 (54–198) 130 (57–189) 105 (43–169)

£ 50 cells/mm3, n (%) 95/266 (35.7%) 78/318 (24.5%) 357/1,497 (23.8%) 10,531/37,477 (28.1%)
51–100, n (%) 32/266 (12.0%) 49/318 (15.4%) 239/1,497 (16.0%) 7,640/37,477 (20.4%)
101–200, n (%) 78/266 (29.3%) 114/318 (35.9%) 602/1,497 (40.2%) 14,571/37,477 (30.9%)
> 201 cells/mm3, n (%) 61/266 (22.9%) 77/318 (24.2%) 299/1,497 (20.0%) 4,735/37,477 (12.6%)

Aspartate transaminase
(AST; IU/liter), median (IQR)

40.5 (31.0–57.0) 29.0 (22.0–39.0) 30.0 (23.0–44.0) 35.0 (27.0–49.0)

Alanine aminotransferase
(ALT; IU/liter), median (IQR)

24.0 (16.0–38.0) 19.0 (13.0–28.0) 20.0 (14.0–30.0) 23.0 (17.0–35.0)

Hemoglobin (Hb; g/dl),
Median (IQR)

10.7 (9.6–11.7) 10.5 (9.0–11.9) 10.7 (9.4–12.0) 11.2 (9.7–12.7)

< 8g/dl, n (%) 10/206 (4.9%) 34/259 (13.1%) 128/1210 (10.6%) 2,400/32,054 (7.5%)
Body mass index (BMI; kg/m2),

Median (IQR)
14.5 (13.0–16.4) 20.4 (17.2–23.6) 21.5 (18.7–24.5) 21.8 (19.3–25.1)

< 18.5kg/m2, n (%) 167/185 (90.3%) 88/257 (34.2%) 274/1178 (23.3%) 5,536/29,812 (18.6%)
HIV viral load (copies/ml)

£ 100,000, n (%) 86 (27.8%) 62 (18.1%) 326 (20.4%) 7,953 (19.8%)
> 100,000, n (%) 37 (11.9%) 43 (12.6%) 206 (12.9%) 6,302 (15.7%)
Missing, n (%) 187 (60.3%) 237 (69.3%) 1067 (66.7%) 25,921 (64.5%)

TB at initiation, n (%) 39 (12.6%) 29 (8.5%) 146 (9.1%) 4,571 (11.4%)
WHO stage III/IV, n (%) 114/160 (71.3%) 120/226 (53.1%) 529/1075 (49.2%) 14,753/27,845 (53.0%)
ART regimen

EFV based, n (%) 301 (97.1%) 207 (60.5%) 941 (58.8%) 34,186 (85.1%)
NVP based, n (%) 6 (1.9%) 100 (29.2%) 451 (28.2%) 4,083 (10.2%)
PI based, n (%) 2 (0.7%) 34 (1.0%) 207 (12.9%) 1,854 (4.6%)
Other, n (%) 1 (0.3%) 1 (0.3%) 0 (0.0%) 53 (0.1%)

Follow-up time, months,
Median (IQR)

23.9 (12.3–36.7) 15.6 (7.3–29.4) 17.0 (7.3–32.0) 20.5 (10.2–36.8)

12 month outcomes
Alive and in care, n (%) 246 (79.4%) 228 (66.7%) 1077 (67.4%) 29,631 (73.8%)
Loss to follow-up, n (%) 19 (6.1%) 75 (21.9%) 295 (18.4%) 4,324 (10.8%)
Died, n (%) 21 (6.8%) 15 (4.4%) 110 (6.9%) 3,795 (9.4%)
Transferred out, n (%) 24 (7.7%) 24 (7.0%) 117 (7.3%) 2,426 (6.0%)

Change in regimen, n (%) 109 (35.2%) 111 (32.5%) 555 (34.7%) 15,177 (37.8%)
Reason for regimen change,

Virological failure, n (%) 2 (1.8%) 4 (3.6%) 15 (2.7%) 460 (3.0%)
Abnormal fat

redistribution, n (%)
5 (4.6%) 9 (8.1%) 30 (5.4%) 1,344 (8.9%)

Lactic acidosis/
hyperlactatemia, n (%)

1 (0.9%) 4 (3.6%) 16 (2.9%) 1,066 (7.0%)

Toxicity, n (%) 2 (1.8%) 3 (2.7%) 15 (2.7%) 534 (3.5%)
Noncompliance, n (%) 3 (2.8%) 10 (9.0%) 23 (4.1%) 492 (3.2%)
Pregnancy, n (%) 0 (0.0%) 13 (11.7%) 117 (21.1%) 715 (4.7%)

IQR, interquartile range; EFV, efavirenz; NVP, nevirapine; PI, protease inhibitor.
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Literature on mortality and LTFU in adolescents is sparse.5

In this study, we demonstrate no difference in adolescent
mortality by age category, compared to adults. This is con-
sistent with several reports from HIV clinics in Africa.5,6

Mortality rates (per 100 person years) for adolescents and
young adults were similar to those recently reported from a
community-based ART clinic in Cape Town, South Africa.5

We found that male gender was an independent predictor of
mortality. This finding was consistent with reports from a
recent study by Bakanda and co-workers6 conducted in a
public health sector ART cohort from Uganda and suggests
that male patients typically initiate ART late, have more ad-
vanced illness, and have worse clinical outcomes.6,24,25 In
addition to male gender, we demonstrate that low CD4 count
( < 100 cells/mm3), low hemoglobin levels, low BMI, and
WHO stage III or IV at ART initiation were associated with
mortality, suggesting advanced HIV disease.

We demonstrate that young adolescents are less likely to be
LTFU, which may be due to longer follow-up in this group.
Compared to adults, older adolescents and young adults are
more likely to be LTFU at any time during follow-up. Rates of
LTFU are similar to those reported by Nglazi and co-workers5

and those from a recent multisite study in the private health
sector of southern Africa.4 Poor rates of clinic retention among
adolescents suggest that barriers exist to full commitment to
HIV care.2 Transition to adolescence leads to many changes
such as growing independence, increased risk-taking behav-
ior, psychiatric problems, increased peer pressure, fear of
stigmatization, and separation from parental involvement.
Unlike younger children, many adolescents may not have

caregivers who actively participate in HIV care and treatment
and this may contribute to the increased LTFU rates observed
among older adolescents and young adults.26

We report a greater immunological response and higher
median change in CD4 count following ART in young ado-
lescents compared to adults. This is consistent with other re-
ports that suggest a younger and more robust immune system
in adolescents.5,27 Immunological parameters improved from
entry to the end of follow-up in young adolescents, older
adolescents, and young adults—with the greatest increases in
CD4 count during the early weeks. Results are similar to those
reported from the PACTG 381 study.28,29 Results suggest that
adolescents and young adults may have a greater capacity for
immune reconstitution compared to adults. Since the capacity
for CD4 recovery may be related to the baseline CD4 count,
these findings support early identification and initiation of
ART in HIV-positive adolescents.27,29

We report that young adolescents are more likely to achieve
a favorable immunological response at 6 months after ART
initiation but are also more likely to have a detectable viral
load at 12 months or fail virologically. Lower rates of long-
term suppression among adolescents can be explained by
more rapid viral rebound.4 The PACTG 381 study showed
that short- and long-term virological outcomes of HIV-
infected adolescents starting on ART are poorer than out-
comes observed in adults, with only 59% and 24% of the
subjects meeting the study criteria of virological success at 24
weeks and 3 years, respectively.28,29 Flynn and co-workers28

reported that adherence to medication during the first
16 weeks of therapy was the most important factor predicting

Table 2. Immunological and Virological Responses at 6 and 12 Months After Antiretroviral

Therapy Initiation, Stratified by Age Category

6 months 12 months

Crude RR Adjusted RR Crude RR Adjusted RR
n (%) (95% CI) (95% CI)a n (%) (95% CI) (95% CI)a

Failure to increase CD4 countb

Adults 6,291 (24.3%) 1.0 1.0 6,518 (30.7%) 1.0 1.0
Young adults 212 (22.6%) 0.93 (0.82–1.05) 0.95 (0.84–1.07) 190 (26.3%) 0.86 (0.76–0.97) 0.94 (0.80–1.12)
Older adolescents 43 (23.6%) 0.97 (0.75–1.26) 0.95 (0.73–1.23) 42 (31.8%) 1.04 (0.81–1.33) 1.06 (0.76–1.48)
Young adolescents 24 (12.6%) 0.52 (0.36–0.76) 0.48 (0.33–0.69) 36 (24.7%) 0.80 (0.61–1.07) 0.80 (0.48–1.32)

Failure to suppress viral load—detectable HIV viral load ( ‡ 400 copies/ml)c

Adults 2,314 (9.3%) 1.0 1.0 1,147 (9.7%) 1.0 1.0
Young adults 100 (11.6%) 1.25 (1.04–1.51) 1.33 (1.10–1.60) 57 (14.7%) 1.51 (1.18–1.93) 1.64 (1.23–2.19)
Older adolescents 28 (16.2%) 1.74 (1.24–2.45) 1.75 (1.25–2.47) 10 (16.7%) 1.71 (0.97–3.02) 1.65 (0.87–3.11)
Young adolescents 24 (14.0%) 1.50 (1.03–2.18) 1.31 (0.90–1.90) 24 (29.6%) 3.04 (2.17–4.28) 2.30 (1.38–3.82)

6 months 12 months

n (%) Median (IQR) p value n (%) Median (IQR) p value

Median (IQR) change in CD4 from baseline
Adults 25,871 (64%) 120 (52–210) 21,265 (53%) 163 (79–264)
Young adults 937 (59%) 150 (62–268) < 0.0001d 722 (45%) 209 (94–338) < 0.0001d

Older adolescents 182 (53%) 170 (56–288) 0.0004d 132 (39%) 214 (55–368) 0.0097d

Young adolescents 190 (61%) 243 (111–377) < 0.0001d 146 (47%) 315 (113–479) < 0.0001d

aRelative risk (RR) estimated from log-binomial regression models.
bFailure to increase CD4 count by ‡ 50 cells/mm3 at 6 months or ‡ 100 cells/mm3 at 12 months after ART initiation.
cFailure to suppress viral load below 400 copies/ml at 6 months or 12 months after ART initiation.
dp values were compared to adults using the Kruskal–Wallis test for continuous variables.
RR, relative risk; CI, confidence interval; IQR, interquartile range.
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controlled viral replication. Although young adolescents
show a good short-term response to ART, poor adherence or
poor clinic attendance may be associated with poor virologi-
cal outcomes and virological failure.2,4 Adolescents have been
identified as a high-risk group for poor adherence to, and
defaulting from, antiretroviral therapy.30–34 Some of the rea-
sons for nonadherence include reckless or high-risk behavior,
lack of social support, cost, poverty, or medication-related
issues such as adverse effects, pill burden, or complexity of
drug regimen.4,6,30 Just as the lack of parental involvement
may contribute to increased LTFU rates, so it may contribute
to poor ART adherence and poorer outcomes in young pa-
tients with HIV.35 Adherence in children is also influenced by
age and maturity-related tolerance. Sustained suppression of
HIV replication is dependent on the correct dose of appro-
priate ART being taken consistently and correctly and it is,
therefore, important to review ART dosing as children move
from pediatric to adult doses.

Many pediatric and adolescent systems (mainly in the de-
veloped settings) of HIV care provide coordinated compre-
hensive support that includes nursing, psychosocial, mental
health, case management, and nutritional services delivered
holistically in one setting. Fragmented services may disrupt
HIV care and treatment in this group. Provision of adult
health services may be available only in a location that lacks
the infrastructure to provide the comprehensive services the
youth have been accustomed to. Adult health services may
see more patients (clinics are busier) and staff may spend less

time with patients and may not always be sympathetic to the
needs of adolescents. Although young persons may be con-
sidered adults, their life experience and the pressures of
coping with a stigmatized, serious medical condition may
leave them without the skill to manage their illness indepen-
dently and successfully. Chronically ill youngsters may be

Table 3. Cox Proportional Hazard Ratios for Death and Lost to Follow-up, Stratified by Age Category Among

Antiretroviral Therapy Patients Attending Clinics Across Gauteng and Mpumalanga, South Africa (n = 42,427)

Death (ever)a LTFU (ever)c

Deaths, n (%) Crude HR Adjusted HR Loss, n (%) Crude HR Adjusted HR
n = 5,591 (95% CI) (95% CI)b n = 9,374 (95% CI) (95% CI)b

Age category
Adults 5,366 (13.5%) 1.0 1.0 8,642 (21.7%) 1.0 1.0
Young adults 170 (10.8%) 0.86 (0.71–1.05) 0.92 (0.69–1.22) 551 (34.9%) 1.76 (1.61–1.92) 1.63 (1.41–1.89)
Older adolescents 26 (7.7%) 0.54 (0.32–0.94) 0.58 (0.29–1.15) 138 (40.8%) 2.25 (1.91–2.67) 1.78 (1.34–2.36)
Young adolecents 29 (9.4%) 1.06 (0.72–1.56) 0.65 (0.29–1.46) 43 (13.9%) 0.61 (0.45–0.82) 0.43 (0.26–0.69)

Sex
Female 2,459 (44.0%) 1.0 1.0 3,477 (27.1%) 1.0 1.0
Male 3,132 (56.0%) 1.47 (1.37–1.57) 1.25 (1.13–1.38) 5,897 (62.9%) 1.17 (1.13–1.21) 1.20 (1.14–1.27)

Baseline CD4 count, cell/mm3

201–350 320 (6.1%) 1.0 1.0 1,206 (13.9%) 1.0 1.0
101–200 1,488 (28.3%) 1.09 (0.96–1.24) 0.97 (0.79–1.19) 3,452 (39.6%) 0.87 (0.83–0.91) 1.01 (0.92–1.09)
51–100 1,179 (22.5%) 1.85 (1.62–2.11) 1.47 (1.19–1.81) 1,716 (19.7%) 0.90 (0.85–0.95) 0.99 (0.90–1.09)
0–50 2,263 (43.1%) 3.04 (2.70–3.42) 1.98 (1.63–2.40) 2,335 (26.8%) 0.94 (0.89–0.99) 1.04 (0.95–1.14)

Baseline hemoglobin, g/dl
‡ 8g/dl 3,802 (86.1%) 1.0 1.0 6,639 (91.5%) 1.0 1.0
< 8g/dl 615 (13.9%) 2.38 (2.14–2.65) 1.86 (1.61–2.15) 614 (8.5%) 1.49 (1.39–1.60) 1.39 (1.26–1.53)

Baseline BMI
‡ 18.5 kg/m2 2,644 (64.8%) 1.0 1.0 5,336 (79.4%) 1.0 1.0
< 18.5 kg/m2 1,438 (35.2%) 2.75 (2.53–2.99) 1.94 (1.75–2.16) 1,384 (20.6%) 1.40 (1.34–1.47) 1.42 (1.33–1.51)

Baseline WHO stage
I/II 1,061 (31.0%) 1.0 1.0 2,755 (47.4%) 1.0 1.0
III/IV 2,366 (69.0%) 1.89 (1.74–2.07) 1.38 (1.24–1.54) 3,054 (52.6%) 1.24 (1.19–1.30) 1.06 (1.00–1.13)

aMortality obtained from the National Vital Registration system at the South African Department of Home Affairs.
bModels adjusted for gender, CD4 count, hemoglobin, BMI, TB, site, year of initiation, and WHO stage at ART initiation.
cLost to follow-up defined as ‡ 3 months since the last scheduled visit.
LTFU, lost to follow-up; HR, hazard ratio; CI, confidence interval; pys, person years; BMI, body mass index.

FIG. 1. Crude Kaplan–Meier survival curve showing per-
centage remaining in care any time after ART initiation,
stratified by age category [young adolescents (n = 310), older
adolescents (n = 342), young adults (n = 1,599) and adults
(n = 40,176)]. The log-rank test for the percentage remaining
in care was p < 0.001.
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less mature because their caregivers are more protective of
them, ensuring that they take their medication, attend their
clinic visits, and collect their medication regularly. Some may
also come from poor socioeconomic backgrounds and may be
AIDS orphans running child-headed households.23 More
specialized adolescent health care clinics providing counsel-
ing, testing, and treatment have been developed in some
countries, such as South Africa, to meet the needs of HIV-
positive adolescents and young adults. Strategies such as
directly observed therapy, education, and counseling inter-
ventions have been suggested to improve ART adherence.
Adolescents have unique needs that require tailored services
and targeted research. In this study, pregnancy was the most
common reason for changing the ART regimen among the
older adolescents and young adults, which also highlights the
need for contraceptive counseling and improved access to
birth control for this population.

These findings should be considered in light of the study
limitations. First, loss to follow-up may have led to a misclas-
sification of mortality as LTFU. Despite active tracing, mor-
tality is substantially underestimated among HIV-positive
patients lost from HIV treatment programs. Where possible
and with valid national identification numbers, mortality was
obtained and verified against the South African National Vital
Registration system, which provides a more accurate assess-
ment of mortality.12 After the death linkage for patients in this
cohort, mortality rates increased from 3.5/100 pys to 6.1/100
pys for adults, 3.3/100 pys to 5.4/100 pys for youths, 2.2/100
pys to 4.4/100 pys for older adolescents, and 3.7/100 pys to
4.1/100 pys for young adolescents, while the LTFU rates de-
creased (13.7/100 pys to 9.8/100 pys for adults, 21.7/100 pys to
17.6/100 pys for youths, 27.0/100 pys to 23.3/100 pys for older
adolescents, and 8.2/100 pys to 6.1/100 pys for young ado-
lescents). This may minimize the effect of misclassifying mor-
tality as LTFU. Furthermore, we note that the risk factors for
mortality and LTFU were similar and we considered the pos-
sibility that LTFU was merely a surrogate for mortality.
However, the point estimates of the effects of mortality and
LTFU are very different, even in an opposite direction when
comparing older adolescents and adults, and thus we feel this
is unlikely to completely explain this similarity. We note, in
addition, that the proportion of those LTFU who were actually
deceased was found to be 37% in a study among a sample from
the Themba Lethu Clinical Cohort, Johannesburg, South Africa
by Fox and co-workers,12 again strengthening our sense that
the outcomes described are indeed different.

Second, we do not have any data on whether adolescent
HIV infection is acquired perinatally or behaviorally. Using
growth failure [defined by a height-for-age (HAZ) z score < –2
for stunted growth] as a proxy for perinatal HIV acquisition,
approximately 36.5% (85/233) of young adolescents and
19.8% (60/303) of older adolescents had a HAZ score < –2 and
may have acquired HIV perinatally. However, this is con-
siderably lower than reported in other studies.5 We did not
access other associated factors, such as social issues, that may
have been responsible for some of the differences observed
between the groups.

Third, data are from public-sector HIV clinics and may,
therefore, affect the extrapolation of the findings to other
clinics, which may differ by region and program level.
Lastly, the analysis is limited by the lack of data on adher-
ence, incomplete CD4 and HIV viral load data, and lack of

antiretroviral resistance testing. Routine patient data on HIV
viral load or antiretroviral resistance testing are not available
in these settings. The measurement of adherence is incom-
plete as we rely solely on self-reporting. These problems are
also common in other resource-constrained settings. Since
this is an observational retrospective analysis, no conclu-
sions about causality can be made.

Strengths include the large samples size and long-term
follow-up, which provide insight into the overall program
outcomes of adolescents receiving ART at public-sector clinics
across Gauteng and Mpumalanga, South Africa.

Conclusions

We report no difference in mortality by age category;
however, HIV-infected adolescents and young adults be-
tween 15 and 24 years receiving ART have poorer treatment
outcomes in terms of virological response, rates of LTFU, and
virological failure than adults. Poor adherence, factors influ-
encing transition, and barriers to full participation in HIV care
may be responsible for the poorer treatment outcomes and
increased LTFU in this unique group. Despite lower long-
term virological suppression rates and higher rates of viro-
logical failure, young adolescents are more likely to achieve a
favorable short-term immune response and are less likely to
be LTFU. Results suggest a younger and more robust immune
system in young adolescents, accompanied by more rapid
viral rebound. The presence of a caregiver actively partici-
pating in HIV care and treatment may contribute to the lower
rates of LTFU or better adherence to ART. Studies to deter-
mine barriers to adherence in adolescents and to develop in-
terventions to address low rates of virological suppression
and high rates of LTFU among this unique group are sorely
needed in this setting.
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